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= Since more than 4 decades, the collider machines have been major discovery tools in H.E.P.

= They were first called dirty and “discovery machines”.

= They have proven to be indeed fantastic discovery machines but also high precision
measurement machines, competing with e+ e- (including B or charm factories) machines.

= This is due to continuous progress in Physics at hadron collider together with continuous
detector upgrades, based on the most advanced technologies.

= The Tevatron experiments and especially CDF have been covering 25 years of this impressive
success story.

= The Tevatron will close on September 30 this year

This lecture tries to point out a few of the major success with emphasis on the latest results and
remaining puzzles.



Collider machines story
ISR: (1971-1983) pp, 34 up to 63 GeV cm, up to 1.4x 1032cm?/s, CERN,

First hadron collider machine, instrumental training camp for collider machine & Physics
2'3 First direct evidence for jets, first high Pt Physics, rising total xcross section...

(SPEAR (SLAC) and PETRA (DESY) e+e- colliders: 30-40 GeV)

ISABELLE t (1978-1983)(BNL-USA): pp collider, 400 GeV cm, cancelled before machine achieved

SppbarS (1981-1991), ppbar, 546 ->630 GeV cm, 10%7->2x103° /cm?/s, CERN, UA1 and UA2

Discovery of W & Z, precursor: B Physics at hadron colliders (first indirect evidence of
BO-BObar mixing), Top search, QCD and BSM. Has opened the road to LHC

’c

20

Tevatron 0 (1985-1989), ppbar, FNAL, 1.8 TeV, CDF only (since 85):
1 Search for top (epu and all-jets channels), EWK and QCD Physics, construction of
the 15t vertex detector in hadron colliders, new developments on triggers & tracking

(LEP (1989-2000): e+e- machine: 90 to 200 GeV cm, CERN)

Tevatron 1(1992-1995), ppbar, FNAL, 1.8 TeV, up to 5x103'cm?/s ,CDF &DO
Discoveries: Top

9()’s

First vertex detector successfully installed in hadron collider (CDF in 1992)
Pioneering work on: Top, B, EWK Physics, BSM searches

1SSC 1 (Texas-USA): pp collider, 40 TeV cm, 1033 /cm?/s cancelled 1992 before machine achieved
W 04/09/2011
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2nd dacade : st

What’s next???

v

Collider machines story (cont’d)

Tevatron 11(2001-2011), 1.96TeV, up to 4.2x103%/cm?/s

Discoveries & Major breaktroughs: Single top, Bs mixing, Top & W precise mass mst
in Top, B, and EWK/dibosons Physics, pioneering Higgs and BSM searches

First triggering with tracking (CDF: L1 COT and L2 SVT)

LHC (2010- ): pp, 7 TeV->14TeV c.m., 2x103*/cm?2/s, ATLAS, CMS, LHCb;_
See lectures from P. Jenni and De Roeck

sLHC (towards 2020-_): higher Lum and or increase in energy, major detector
upgrades
=> Future LC under study: ILC, CLIC projects
a very high energy LHC (VLHC?)
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TEVATRON vs LHC 2011

Tevatron . LHC
e 2 experiments (CDF since 1985, D0 ° 3 €Xperiments (ATLAS, CMS, LHCb
since 1992, BTeV aborted 07-2005) + Heavy lon dedicated experiment: ALICE)

* ppbar collider (qgbar dominance) ¢ PP collider (gg dominance)

e Started 1985 (run0-1989 vs Sppbars’) * Sta rted 2010 (2008)
Ends September 30 2011 First long shutdown 2013-part 2014

* Ecm=2TeV * Ecm=7TeV->14TeV
 Luminosity:peak: 4.2x103/cm/s  * Luminosity: peak™ 2.4x 1033/cm/s
~ 60pb-1/week ~ 250 pb-1 /week

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Aug 22 16:10 UTC)
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Electromagnetic (EM)
Fine Hadronic (FH)
 Calorimeters  Coarse Hadronic (CH) |

Pseudoraptity:n= —r{tang}

Fwd Muon
1<|n|<1.5

-
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Tracking Detectors

« Silicon Microstrip
Vertex Detector
+ Central Fiber Tracker




Outline

A few latest results of the Tevatron on:
« HEAVY FLAVOURS: B and Top Physics.
 HIGGS SECTOR Exploration

e BSM

LEGACY will be underlined in a few words in

these different topics and in the concluding
remarks...



Tevatron has demonstrated to
beab am_ga?rm factory
]

B-production

Lifeti c-baryons

b-baryons

Numerous breaktht6tighs:

Bs mixing 15t precise.measurement & much more




B Physics and the BSM exploration:
Let’s concentrate on 3 flagship
measurements:

1) rare B decays with:

Bs—>uu
2) CP violation study in Bs sector with:
B.—~>J/Wp
Dimuon charge asymmetry
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95% CL Limits on B(B, - uu)
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B, H+U-

» At start of Run Il, one decade
ago, the limit set by CDF at
Run |, on Br(Bs—>uu) was 3
orders of magnitude above
the SM expected value.

» Tevatron (mainly CDF)

decreased by more than 2

orders of magnitude this limit.

We are now in the last round

=> near to get the final answer
on: SM= Si or No?

>

What can the Tevatron still say?
=> see next...
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The B, p+p- case

FCNC decays predicted to be very rare in the SM due to GIM & helicity suppression
Forbidden at tree level, proceed through loop diagrams

i
—fees NS NSNS e —_— w+
Z
(Y - YL LA -
s T w ~ "o . 4 n
AANAANA— W

S,M, expectation: Buras => Br(Bs>up) = (3.2 £ 0.2)x10°
New Physics will give a higher Br value:

b £ s D X H

)
i S
1 r

. .
' (R A%)
'

:{J':r A" New Physics can appear:
e By at tree level or through loops:

MFV —SM extensions
or SUSY:

BSUSY(BDpy) oc(tanp)®
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New search for B.~»>uu at CDF with 7fb!

The events are searched in a sample of dimuon triggered events, but:
7 fbl data (x 2 Lum.) & acceptance improved by 20%, adding CC and CF dimuon

triggered events plus refined pre-selection and Forwéx/d(F)\Central (C)
upgraded analysis (next slide) 06<|n| <1 In| < 0.6
: 2 GeV 1.5 GeV
Preselection: Pr = Pr =

3D vertex fit and o P
baseline cuts on :

« Track quality

* Muon likelihood, dE/dx
. po(up)

« P(H)

 Proper decay
time significance

« Pointing angle - s
. . p p sideband sideband
» |solation: - i | >
P(UH) / [2,., P(track) + p(Hp)] ol oA

M(pn'u) [GeV/ie )
Blinded search region: 5.169 - 5.469 GeV
04/09/2011 Tevatron, Corfu 20Mithextended sidebands in the new analysis



. CDF Il Preliminary 7 fb"'
) B.~>uu analysis P § | Sbzan |
@ - Angle between _
A set of 14 discriminating variables, oo}~ - 3N9Pr(O) -
comparing data (sidebands, black)=bkgd o e )
with MC generated events (red) = signal are ™" °°°';~—--_.¢_;

i A B & ot 0 010203 04 05 06 0.7 5 06 07 08 09 1
studied and trained in a NN; 6 most sensitive 16, [rac] Isolation
variables are shown here:

2 £ 45000 = 4 W
P oasw I "%} Impact parameter el
) 2000 Relative 2D el Vertex fit 42 w00l higher p- rac0o | * Ir?g.parameter
oees|  decay length 2500 0000} - on sooop, O
15000 . 15000 _ 20000 - mg '...
mszzz.t 'm g 10000 - 2000 "::
M ,_.__h e e ——— 10
00 10 20 30 40 50 GOL TP 80 00 2 4 & B 10 12 l)‘ 00 40 40 €0 80 100120140180 120 200 00 001 002 003 004 005
o0 "ol High d0 [cm) dB_ ) [cm]
Signal region determined by 5.169<Mup (GeV/c?)<5.469 NN

Previous sideband regions to estimate the background (here below)

1.669 < M,,, < 5.169GeV /c? and 5.469 < M,,, < 5.969GeV /= have bee extended.
The Branching fraction is obtained by normalizing to the number of B*—J/WK*—pu+u-K+*

Where N.=number of B°,.—u+p- at 95%CL for N observed and N, expected backg.
a stands for the acceptance, ¢ for efficiency and f for fragmentation function
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RESULTS:
Suppress background with NN trained on MC/sideband data

CDF Il Preliminary 7 fb' g CC070<v,<007| 097 <v, <0987 | 0987 <v,<0.995 v, > 0995 -
—— CC sideband sample | ] / Example:
------ - CC signal MC sample!| > POty Ty Obs: 2
S R S
210 1 3 . s WL |b L 0.16+0.12
.?B :: %: 1 1 1 1 1 L “l 1 1 1 1 1 l“.\\}\\“\\\?xf\k@;i
q‘:) : © CF 070<v, <097 097<v, <0087 | 0.987<v, <0.995 v, >0.995
] - -g -
C1 0 ’ g K Background
= 8 | g
; 3 SRS SN I +signal (sm)
10° ! L ! I x02 ORI
O 02 04 06 08 'I PV I T TR T [ Y T T T 5 iSSS G AN S o S
NN Out ut 5322 5370 5418 5322 5370 5418 65322 5370 6418 5322 5370 5418
P My, (MeV/c?)
Reason for excess in 3™ highest NN bin of CC sample?
« Peaking background (B = h*h")? COF Run i Preliminary L, =1 f’
= Unlikely, not seen in B° 3 140 "\ e
: -E)—ﬂ(t'
- B°, = H*u signal? o= [ - xx
8. 1000 -E’-g'—-:‘: .
= Unllkely, NN well described for B* ¢ —
-] o= pK+ Ry = P
« Combinatorial background? E g"a

= Unlikely, no NN bias observed

« Statistical fluctuation?
= Can happen in one out of 80 bins T Bl cemase{GeV/ch
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CDF 2011 new result

> 90% CL region: 4.6 x 10° < BR(B%, =» p*p) < 3.9 x 108

CDF Il Preliminary 7 fb™
"‘.||l"‘ ]"T"['TT"‘TTT]TT—‘I|-|‘J-‘

» Central value:
> BR(B?, = p*p) =

6

+1.1 -8 - ]

L s x 1D 5 :

af: £

- Central value using 3 i 90% Bound j
2

Ay?

only the highest two ! E

NN blns: 1 \\ 68% Bound

0 -y — : 1

> BR(B®, - p*p) = ; :
1.4 +1.0 X 10-8 OI_| Yorns iillsaesilis s lis i liva g dlinannillive -l.-..—X10-9

-0.8 0 5 10 1520 25 30 35 40 45 50

BR(B,— u* 1)

First double sided confidence region on Br(Bs—»uu)
“Although of moderate statistical significance this is the
first indication of a Bs—»uu signal”
mm) May be the first glimpse of exciting times ahead?
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EPS 2011

CMS, LHCb: B,— p Limits

o
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CMS 2011, 1.14 ' Preliminary  CMS 2011, 1.14 f”, Preliminary
2 AR 20 RN A
g £33 82 signat window I (] & signal window
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g Barrel |1- Endcap
8 Ir .

[ 1 L), jEER | .l.::.l. Lot
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Barrel Endcap
'\;.1 0.80=0.16 0.36 + 0.07
N .\'h'P 0.60 = 0.35 0.80 = 0.40
b\ 0.07 0.0 0.04 £ 0.01
peak
[ N, | 2 1 l
® Expected Limit: <1.8 x 10® @ 95%CL

p-value background only: |1%

Br(B;—1H) < 1.9 x 108 @ 95% CL

04/®/20using ,/£,=0.282+0.037 [pdg]
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HCb-CONF-2011-037

. IBr (Bs— ) < 1.6 x 108 @ 95% CL

- B
Tevatron, Corfu 2011, ASN

B(B? — u* u) [107]

Expected Limit: <1.5 x 108 @ 95%CL

p-value background only: 14%

combined with 2010:<1.5 x 10 @ 95% CL



LHCb-CONF-2011-047= CMS-PAS-BPH-11-019

Candidates / 0.025 GeV
3

LEPTON PHOTON 2011:
CMS+LHCb: Combined Bs —>|J|J Limit

CMS 201I 1 ‘l4 i, Pmlmnury CMS 2011 1 14Ib Pletlmmary

BTV )

- B3 signal window
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Barrel |

TUNE=T Tev

Eﬂm B signal window
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Endcap

it
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j E 1 .‘ SRESSIE
sl (R
sHiEe= :
4

56 &8 5
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54
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Use (fs/fa )uico= 0.267+%92! 5020
8%

p-value background only:

p-value background + SM BR: 55%

04/d9/2011

Br(B,—pp) < I x 10° @ 95% CL

Given that the 95% CL is still 3.4 x SM, there
remains plenty of room for NP, keep an eye
{'n the near future!

Tevatron, Corfu 201
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95% CL Limits on B(B; — uu)

1000

OCDF 95% CL Upper Limit
ADO 95% CL Upper Limut

PRD 57 (1998) 3811 {) OCDF Expected
-] A AD0 Expected
o -
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= I |33 :
€, | LHCbm ot |y . CDF: 4.6x109<Br <3.9x10 8 - 90% CL
l%' T e — l > LHC: CMSxXLHCb: Br<1.1x10® ,95%CL
I | Still some very little room for BSM
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Standard Model Expectation
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Exploring the Bs CP Violation sector

Prob[D(t)

Prob{BY](t

06 1 16 2 26 8 06 1 16 2 26 8§

Proper Lifetimes Proper Lifetimes

1T 16 2 26 8

Proper Lifetimes

04/09/2011 Heavy mesons ©oscillations 20
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Exploring the Bs CP Violation sector

YE — 68wl
[ """ 95%CL

- Preliminary results overlaid [ oo 8fb’

[] LHCb 03fb
¢ Standard Model
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Exploring the Bs CP Violation sector
V

e : 1 fs
Preliminary results overlaid @ oo s b uct S
— 68%CL L] COF s2fb

-== 95%CL -~

[] LHCb 03fb "'0 0

¢ Standard Model Bs W+ W- Bs

11:111-]'1117171|TIITI-]’|III

;wl'
J
¢
. 4
;N
F ¢
¢ .
’ ’
" ’
¢
-
-
’
’
F
’
,
-
.
'
Y r
3 i

| | | e Bg
0 - NP B 0TH B
HHIIn ? 3 | ™
[t
. Standard Model ‘ 06 0
-0.02 | &= B Factory WA. . {B&](t) 0.4 PIOb[Bs](t)
- [ DQ)B.—mDsX 1 03 P _0
' rob|[Bs](t
- Il DO A} 02 [BS]( )
02t ) -0.04 DO A® 95% C L.
1iN10  foo.som . | 01
1 004 002 0 002 TR 05 1 16 2 25 8

New physics in B? mixing? since - ’ropel' Lifetimes Pr oper Lifetimes

af, constrained by "sin2p" in global fits:
04/09/2011 a$(pred.) = (-36133) x 1074 Er’z\?afg%ﬁf&'r% pLf o) A@SC’”atlons 22



Nevufral B, System: Recap!

- Time evolution of B, flavor eigenstates described by Schrodinger equation:

1 (1B i (1BY0) | >
i— [ )® — (M - =T _* & I Z
dt \ | B%(t)) 2 | BO(t)) E : =
< =
-Diagonalize mass (M) and decay (/) matrices = I ﬁ
— mass eigenstates : | —_— FF';
H 0 10 L 0 ) B 0 B 0 ﬂ
By =p|B) —alB,)  |By)=p|B;)+4q|B;) s S
- Flavor eigenstates differ from mass eigenstates and mass eigenvalues are also different:
Amg = my - m = 2|M, | — w V —
— B, oscillates with frequency 4mg precisely measured by b .. cid ”
CDF Am,=17.77+0.12 ps’’ Bo . o
2006: first & unprecedently precise measurement (1fo’!) £2g T T
DG Am, = 18.56 £ 0.87 ps™’ s v W
And now LHCb (see later) Vo W b

- Mass eigenstates have different decay widths
SM_ M2
AT=T, - Iy~ 2|l cos(®,)  where %~ & ~F— |~ 4x10°

04/09/2011 Tevatron, Corfu 2011, ASN
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ps Vs 9

- Up to now, introduced two different phases:

;'\[1-) I/
SMo 2\ = - SM' — g1 (= Vo VA Vo V)
(_,g— arg ( T )“'4)(103 and Bs — dlg( ts f»;)/ cs (:E) ~ (.02

12

NP

S

- New Physics affects both phases by same quantity ¢

23, = 23SM _ NP

s

b = M + ¢

- If the new physics phase ¢.'" dominates over the SM phases 2/35M and ¢5M
— neglect SM phases and obtain:

28, = —NF = —¢,

04/09/2011 Tevatron, Corfu 2011, ASN 24



CP Violation in B, — J/W® Decays

- Analogously to the neutral B° system, CP violation in B, system occurs through

interference of decays with and without mixing:

BO

dominant
contribution ~pY”s
from top quark

New Physics

SM
particles ? p 5

— arg(_‘/ts f:;)/‘/(‘ﬂ

BY \ > J/¥PP
N p»5o S
BS
= sin(2P,)
S . _ S
S
.r,.r"FLC
b ¢
liui ‘ﬁﬁs -Lzb
¥\ Au O 02 L/cd ‘(s “"’cb
cb) ~ Y vV V V
td ts “tb

- CPviolation phase g, in SM is predicted to be very small, O(A?)
- New physics particles running in the mixing diagram may enhance S,

-large f, —

04/09/2011

Tevatron, Corfu 2011, ASN

clear indication of New Physics !
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B, — J/W® Decays

- Extremely physics rich decay mode

- Can measure lifetime, decay width
difference 4/ and CP violating phase £

- Decay of B, (spin 0) to J/¥ (spin 1) and
@ (spin 1) leads to three different
angular momentum final states:

L = 0 (s-wave), 2 (d-wave) — CP even ( = short lived or light B if no CPV )

— CPodd ( =long lived or heavy B, if no CPV )

_ 8 - Three decay angles p =(6,9,y) describe
. M - directions of final decayproducts
_ el ol o e KK

]/ W rest frame ] ;
O rest frame
Caveat: Bs=>J/We is golden mode, but additional experimental complications:
- J/Pd: a mix of CP-even and CP-odd eigenstates, treat them separately
- B, oscillates ~ 35 times faster than B°

04/09/2011 - sin2B~0.7, sin2B, expectedabout 20times smaller 26



ANALYSIS OUTLINE
Reconstruct Bs=>J/Y(=> pu+p-) (> K+K-)

Candidates per 2 MeV/c?

+
J/Y DIMUONS TRIGGER
11
B K
_ @, 9 NN SELECTION
& o P +
K
Simultaneous mass, angular, time dependent, flavour tagged fit:
fsPs(m|om)Ps(t, p.&|D, o) Ps(01) Ps(D)
Bs mass fit to : : Flavour tagging to
: Angular separation Time dependence £ging
Separate signal from : separate Bs and
of CP eigenstates of decay :
background Anti-Bs decays
MDEDF Run Il preliminary ‘L=5.2fb'7 ?ooc-;DF Runll ::Iimimry; L=5,2f§m- — — — TAUESIOT
o) -":‘eoo :51 éeoo :Fn Qeoo- :Fn ;1«7 w
g o & o) Em-! N | W
jz:_ g mw E MW 2 G § " OPPOSITE SIDE —-’@
A ol o Tt | e g™ o N
i sa A S‘LZ §—gr—o7—735 T . % T & : g'l“ ‘MMW“LI g
Mass(Jfy ¢) [GeV/c?] wsing ws(8) P N ¢

N.B. All based on quantitjes dir%gyyzgjlqr;;\éﬁd from data!!

evatron, 27
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RESULTS in 2010 still the latest one from CDF

CDF Run Il Preliminary L=521fb"

o6k — eswoL Flavour tagged fit with sin28s set to 0 (i.e. SM)
I — e8%cCL +0.026
0.4} —+— SM prediction l PDG value: Ts 5 1 47 —0.027 pS
—~ 0.2 cts = 458.6 £ 7.5 (stat.) = 3.6 (syst.) um
[72]
f_—’«" 0.0k /Q/ _____ Al = 0.075+0.035 (stat.) & 0.01 (syst.) ps~*
4 P | |A(0)]* = 0.23140.014 (stat) 0.015 (syst.)
-0.2f { == )
: |A0(0)|* = 0.524 £+ 0.013 (stat) £ 0.015 (syst.)
B 6. = 2.95+0.64 (stat) = 0.07 (syst.)
-0'6_. Lt ia | World’s more precise single measurement of Bs

-1 0 1
B, (rad)

P-value for SM point: 44% (0.80 dev.)
[0.02,0.52]U[1.08,1.55] 68% C.L.
[-0.13,0.68]U[0.89,/2]U[-1t/2, -1.44] 95% C.L.

- Agreement with SM expectation increases with
higher statistics

- B, and A" allowed parameter space greatly
reduced

lifetime and decay width difference (2010)

CDF Run Il Preliminary L=52M"
. Ei?m - signal region

events per 50 um

CDF Public Note 10206 cm]
04/09/2011 Tevatron, Corfu 2011, ASN 28



By — J/¢¢

Status before Lepton Photon 2011

CP Violation in By Mixing

¢ Constraints in (AT's,¢,) plane

LHCDb Preliminary
CDF Run Il Preliminary  L=5.21b" — =7 ToV, l-—%pb' L!—iCb-Cont-201 1-06
oef — os%al Plots all scaled  “g osf 1%
: : e to have identical = )| [ %
axt predieton axis unit sizes < ™} '
E : 5 \
w 021 0.2
2 oo @M b, € [—3.10,—2.16] 5 \'ﬁf@
. 0.0F x-S S e o, € [-3.10,—2. o [—F
< ED) ( U [~1.04,-0.04] AN ’,//
-0.2 \ 68% CL 02} Bs
: : [ ehax \\ A
-0.4- ! SM p-value = 44% 04 __$ ~,‘J‘\ '
0.6k ! i W\ /1§ smip-vaide 422%
-0.6~ 1 i . -0.6 .
SR 1QD-FP‘(')°'3°-N9t‘?120-2Q6 Tevatron: with N T T
€ . less data, was - = = a2
6/%¢ =-2ps (@) previously at e
D@Runil, 8"  Preliminary 220 deviation Os € [—2.7, —05]
AM, [ 17.77 2 0.12 ps™ from SM 68% CL
NEW from DO in 2011: Less significant
R — |5 = —0.5510:35 deviation now, but all

still showing same trend...

Lenz, Nlerst XI '1102.4274 CKMfitter, indirect measure.

-0.4
04/B/20¢2 -1 0 1 2 3 Tevgtrc&mcora 087 £ 0.021 ps~ ¢SM = —0.0363 = 00017



B, —>J/L|J(p Als vs. d)

------------

| il RAthd Raahd LAl WALl LALL) Ladhd AL | =

L
0.2

LHCb-CONF-2011-49

Alog(L)

Latest from LHCb:

Most precise measurement of ¢

® {s=0.13 £0.18 (stat) = 0.07 (syst) rad

e Consistent with SM

4 o Evidence for Al #0:

e Als=0.123 £0.029 (stat) £ 0.008 (syst) ps'

04/09/2511

_© 0.15
< 041
0.05
.0
005
0.1
0.15
0.2
0.25

Standard Model

(Lenz. Nierste: arXiv:| 102.4274)

|LHCD Preliminary |

\s=7TeV,L=337 pb"

0.656 * 0.009 (stat) £ 0.008 Q%%%F)cﬂﬁj I2011, ASN o bs [ad]
Courtesy G. Raven, LP 2011 *°

Alog(L)

(-] — "> w & LE - ~4 <&
Al

' L
-0.5 0



http://public.web.cern.ch/public

August 30t 2011
Lepton-photon conf. 2011: LHC data shedding new light

Preliminary results overlaid
04E — gsncL
""" 95%CL
0.2
0
Q.
=~ 00
m ..\
—_— \\
<] %
0.2 F
-04
3 2 1 0 1 2 3

b/ Ve (rad)

“A data visualization from the LHCb experiment's results. LHCb's measurements of B meson
decay correlate with Standard Model predictions — but they also indicate that there is still room
for a contribution from new physics. IMAGE: LHCb collaboration”

NEW RESULTS from LHCb and CDF very soon ; by end of this year important resu!t!!!!

04/09/2011 Tevatron, Corfu 2611, ASN 3



Dimuon charge asymmetry & CPV

~X ........ B * B; ‘,/ZL_

— _0 .........
/"L Bq X
Ab _ N;;H — Nb__ N,** (N,”7) — number of
sl = N++ N__ Same—sign ILL+ILL+ (lu_ lu_)
p TV, events from B—uX decay

« Both B, and B, contribute in A® at Tevatron :

A? = (0.506£0.043)a’ +(0.494 % 0.043)a’,
/ /

B contribution B, contribution

e a9, is the charge asymmetry of "wrong sign" semileptonic Boq (g = d,s) decays:

and is related to CP violating

q:d,s AT /

a! =—tan(g,)
a, !

(B »u'X)-T(B, > X)
['(B) -y X)+T(B, > X)’

q
asl

04/09/2011 Tevatron, Corfu 2011, ASN 32



SM prediction

* SM predicts very small values of ¢, and A®,;;
= —0.091%0 %
o>" =0.004210.0014
ALY = (=2.370°)x107*
A. Lenz, U. Nierste, J. High Energy Phys. 0706, 072 (2007)

— These values are below current experimental sensitivity
 New physics contribution can significantly change these values
9, = ;M'+¢¢T

¢s — ¢SSM + ¢SNP

Non-zero A%, would indicate the presence of new physics

Remember:
Mo N\ /
("_):M: arg <_ T ):::4)(10'3 and ;6551\1 — &I‘g(_‘/ts f}k)/‘/(s‘/j)) ~ 002
12 - - e

20, = 205M — P & o, = PN +- 0P —og GNP _ g




Measurement strategy

Measure two raw asymmetries (include p's from all sources):

raw dimuon charge asymmetry raw inclusive muon charge asymmetry
A NWH)-Npp) L =) —n()
N uH)+NW 1) n(u")+n(y”)
= (0.564 £ 0.053) % =(0.955+0.003) %

Both asymmetries contain contributions from A®_ and
detector-related background asymmetries

A=KAf,+Abkg a=kAS”,+abkg

— contribution from A’ to a is strongly suppressed by k=0.041+0.003

Determine background contributions A, . and a,,, using data with
minimal input from simulation

Exploit the correlation of background content in raw asymmetries to
reduce the uncertainty on A®,

04/09/2011 Tevatron, Corfu 2011, ASN 34



Some experimental remarks

T > 002 T
1) Test of background description g gois| PP Ay duie (@)
* Raw inclusive muon asymmetry a is dominated % 0.01 1
by the background asymmetry a,,, 0.005 T
* 0, is measured in data 0 : A !
* Compare a and a,,, to verify the background & 001 . Brfl) HONT
description as f(Pt(p)) ¥ Do, %0 o)
P . H S 0.005
- + -
W W
4'1 @ / H— ® / 0 4»-—_}-_++;+; ____________ Jf ___________
0053510 15 20 25
pr() [GeV]
Swapping Magnet Polarity 2) Original experimental technique
p—-

Polarities of D@ solenoid and toroid are reversed
every ~2 weeks => difference in reconstruction

Muon reconstruction asymmetry

f-; 0.005| DD, 9.0 b’ efficiency between positive & ne gative particles
|
2 minimiz
E o e .
> -+ Reconstruction asymmetries reduced from ~1% to
®.0.005 [4- <0.1%
5 10 15 20 25 To be compared with raw dimuon asymmetry
p(1) [GeV] — 0
04/09/2011 ' Tev'aA‘tEJ 4%0%‘?‘2%19 QS?V?,) % 35



Updated measurement of the anomalous like-sign dimuon

charge asymmetry for b-hadron semi-leptonic decays, 9fb1

AP =(-0.787+0.172(stat) +0.093(sys))%
Was =(-0.957+0.0251(stat) +0.146(sys))% with 6.1fb!
~3.9 o deviation from SM (previously 3.20)

e Ab producesabandin a% v.s. a°, plane:

Al =(0.50610.043)a’, +(0.494%0.043)a’,
* Obtained result agrees well with other

measurements of a%, and a5

0.01
E D@, 9.0 b’ | (a)
g 0.005 } t !
< + e - Observed asymmetry
0 —4— s - Expected asymmetry
8 for Aj = AL(SM)
10 20 30 40 50
M(up) [GeV]
0.01
E D@, 9.0 b ) (b)
t
g 0.005
< k o - Observed asymmetry

(=]

i J; s - Expected asymmetry

for AD = -0.787%

10 20 30 40 50

uzc?i 0.02

-0.02

-0.04

04/09/2011 M(up) [GeV] Tevatron, Corfu 2011, ASN

«SM

« Standard Model

| B Factory W.A.
| D@ B —uD X
B Do A}
DO Ab95% C.L.
DA, 9.0 fb™!
004 002 0 0.02
a5

36



Updated measurement of the anomalous like-sign dimuon

charge asymmetry for b-hadron semi-leptonic decays, 9fb1

o=(-0.787+0.172(stat) £0.093(sys))%
V4

«70.02

Was =(-0.957+0.0251(stat) +0.146(sys))% with 6.1fb!

~3.9 o deviation from SM (previously 3.20)

« AP producesabandin a% v.s. a°, plan

e.

Al = (0.50610.043)a?, +(0.49410.043)a’,

* Obtained result agrees well with other
measurements of a%; and o,

E D@, 9.0 b’ | (a)
g oosi ) !
< + « - Observed asymmetry
0 —4— Expected asymmetry
l forfﬁﬂ AsKShd)
10 20 30 40 50
M GeV
.. 001 _ (1) [GeV]
= DA, 9.0 fb (b)
: :
E 0.005
< k o - Observed asymmetry
0 _L Expected asymmetry
4L for AP = -0.787%

10 20 30 40

-0.02

-0.04 -

o A4

+ Standard Model )
- E= B Factory W.A. -
- [ DO B,—~uD X

- Il DO A
DﬂAﬂ%%CL. \
'DO,9.0f"
004 002 0 'oaoz
ag

New physics in B? mixing? since
af, constrained by "sin2p" in global fits:

afi(pred.) = (~3611}) x 10~¢ PRD 83, 036004

CDF is trying to perform this measurement if
not impeded by systematics (“Central tracking

04/09/2011 S [GeV] Tevatron Cé\%/{quvg'\qy to be corrected) and personpower...



Combining results (2910 on Als &
CPV phase from various analyses by DO

Bs decays giving rise to non zero '12:
S

, c /s ? /a x3
s i el
w s b c 3
c ki c o
SM: [(0.0206 + 0.0057) x 10—
CDF 1t 0.0967 +0.2832 *:1493 )
Run I
PSR 0.0226 00208 271
CDF un
(1.6 fb™") prel.
DO p -0.0146 +0.0051 +0.0056
(6.1 fb_}; |-M-|
D0 D uX(tagged) 20,0017 £0.0091 *20014
s 5 fb_l) ’—’—| -0.00
Average -0.0085 +0.0058
IIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII{I
-0.08 -0.04 0 0.04 0.08
Heavy Flavour
Averaging Group ASL(Bs)

A, measurement from 2010 & asl from B,->D,uv =>

constraints on Al & @, /¥¢ consistent with

ay 5
68% asl from: B,~>D_Hv

T 3
| 0-4 ; Dﬂ’ 1
n E 5.0-6.1fb
S F — 68% CL
(2 02F —95% CL
4 F New best
0.0 fosscr fit value
02F
04}
3 2 1 o0 1 2 3
¢2/¥*[rad]
T 04 F D@, Preliminary — 68% CL
B ES50-61f" —95% CL
2 02F SM
Region allowed < 0.0
in NP models __Ev
iilye; |b|'y | . --777-02 E BY — J/9¢ + af) constraint
= cos 3
s 12 i S 04 F
\ PR M 2 A ol S B i B Sl i Al e

3 2 1 0 1 2 3

— 3 ¢g’¢¢[rad]
I 04 E D@, Preliminary — 68% CL
B E28-61f" — 95% CL
gyns M
4 b
0.0 @
E v
02 F BY — J/9¢ +aj + B(B] — D DY)
2 constraint
04 F
-3 -2 1 0 1 2 3
¢;/**[rad]
38

the 2010 results from B,->J/Wd. When combining

p-val&é%at8M point is: 7.5%. When addifigBY(B2LY P*¥D*) p-value decreases to 6%.



Combining results (2910 on Als & Euggg’: a0 )_*
CPV phase from various analyses by DO 5 **| —N%CL | o best
Bs decays giving rise to non zero 12: = > fit value
S ¢ & o 02 F
c S c =
b‘ié B B §_/ 04
w 5 b r—. 2 @A aa-.
2 3

¢7¥¢[rad]

SM: [(0.0206 + 0.4

BSM exploration with H.F.: pr

— 95% CL

Elglzn“ﬁ Important to extend this work to g
by
] both CDF and DO results

DO b

o on a larger sample of relevant

llllllllllllll

D0 Dqu(tagge(})
(5tb )

results in the o] ¢
S Heavy flavoured meson sector

Heavy Flavour

Averaging Group A (B W2F B, 1+ a8+ B(BS — D D)
constraint
A, measurement from 2010 & asl from B,.->D v => -0.4 .
constraints on Al & @, /¥® consistent with 3 2 414 o 1 2 3
¢g/¢’¢[rad]

the 2010 results from B,->J/Wd. When combining
p-val&é%at8M point is: 7.5%. When addifigBY(B2LY P*¥D*) p-value decreases to 6%. 39



How the Bs measurements impact on the BSM Models:
a summary from Buras and collaborators (Beauty 2010-11).

DNA Tests of Flavour Models

AC |RVV2 | AKM | SLL |FBMSSM | LHT | RS | 4G
D° - D° *hk | Kk * * * *hkk | 7 * %k
ex * | kkk | khkk| K - *hk | hkkk | kK

‘ See *hdk | kkk | hokk | K * *kk | hkk | kK
- - *hk | dhk | Kk | kkk| kkk * ? ey
Acp (B — X7 * * * | kkk | kK * ? B
Ars(B— K'p*p) | % * * | khkk| khkk | kK ? * %k
AfB— K'utp) | % * * - * - ? * %
B — K®vi * * * * * * * *
‘ B, — ptp- *kdk |k | dkdk [ dkk | kkk * * | kkk
K+ — ntup * * > - * ok | dkdk | *kk
P * * * * * *hkk | hkk | hkk
= e Ak | khkk | kkk | hkk | khkk | hkk | hkk | kkk
T — i *hk | kkk | k| kkk | kkk | kkk | kkk | kkk
p+N-oe+N KAk | dokk | kkk | kkk | kkk | kkok | kkk | kK
d, *hk | dkk | kkk | kk | kkk *  kkk |k
d, *kk | kkk | kk | * e * | hkk| *
04/09/2011 (g — ‘2)1, Ve S **T*a[tro*,iori UGl 3% ASNve % * ? * 40




Maximal Enhancements of S Br(Bs > p*u') and K™ > nt*vv

vo ?

(without taking correlation between them)

Upper Bound | Enhancement of | Enhancement of
Model on (S,,) Br(Bs o p“p') Bl'(K* e n*vV)
CMFV 0.04 20% 20%
MFV 0.04 1000% 30%
e ..030.30%.150%.
S 1973, b 3T — 60%..:
4G 0.80 400% 300%
AC _075.1000%.2%.
RVV %rwoww/

RS = RS with custodial protections
AC = Agashe, Carone Ul
RVV = Ross, Velaso-Sevilla, Vives (04) SUQR)g

Large
RH Currents

04/09/2011 Tevatron, Corfu 2011, ASN
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. TOP: A little bit of history...

1992: FIRST OBSERVATION!

Electromagnetic Energy

- Hadronic Energy

72.4 GeV

CDF Calorimeter Lego
en Event '92 :

Et(METS)= 80.3 GeV

Phi = 175.4 Deg
Sum Et = 99.9 Gev

Secondary Vertex

29 Oct 1992, first observation of TOP by CDF in the Run | in
a golden e u event and the vertex detector signing b-jet!
Thanks to the first vertex detector successfully built for a hadron collider experiment
04/09/2011 Tevatron, Corfu 2011, ASN 43



Top production

Top pair
O'(pp — tf)NNLOapproa: = 7.46

In Pairs
g

<Q

q ~85% 't

g t
QZ)%}V‘-<{

~15%
9 DHODD ¢
g oo ¢

04/09/2011

4+0.48
—0.67 Pb

At 1.96TeV c.m. and M,=172.5GeV

w* .
v, q
(about 22 times lower than at 7TeV) t 4&
Miop > My + My

Cross section (bamns)

SM:
BR(t—Wb) ~100 %

b
I
Total inclastic
10° 4 Going down dramatically
. mb in cross-section
16° bb
10° b ub  |1:107%0
W
16
- ND
IGIO Z

10 Higgs (ZH + WH)

lo-lﬁbﬂ)
100 120 140 160 180 20

Tevatron, Corfu 2011, ASN

at Tevatron

Single top

Single

44




Tevatron & LHC complementarity in Top sector

1 fb-1 at LHC => 4 times more top paires than 5 fb-1 at Tevatron => Tevatron still interesting
for some top Physics aspects.

* Gluon fusion (dominant at LHC) Tevatron is a quark-antiquark annihilation machine
g t o woovoT ¢ whereas LHC is gluon fusion machine
W 90% _ - -

] => many interesting consequences (see for instance
" i o Ty §

« Quark-antiauark annihilation

! f t-channel
3 f 10% )jjk ; ; ;iang

PP @ 1.96 TeV 1.04 +0.04 pb 2.26 +0.12 pb 0.28 +0.06 pb

Agr asymmetry).

pp @ 7 TeV 4.6 +0.3 pb 64.6 +3.3-2.6 pb 15.7 + 1.4 pb
Challeng Not possible at

04/09/2011 evagron Corfu 2011, ASN 45
Tevatron



TEVATRON has performed a complete SCAN of TOP PHYSICS

top pair production
I v

anomalous couplings

rare decays
\f branching ratios
CKM-Matrix-Element |V,,|
' new particles

spin correlations
charge asymmetry
-

mass, charge,
width, lifetime

w* W helicity

production cross-section ’
production kinematics \‘q' .
production through resonances b "
new particles

qr searches
single top production ' ki
observation by CDF and D@! particles

04/09/2011 Tevatron, Corfu 2011, ASN 46



The Many ways to find N.P. with the Top explored at Tevatron
7

i 2
/q \ +§e 77 / - : q_ \

1 t 1 A— a— - v, q
-50 d § b t ~
Tieg > My + M, b
4, 1 Charge, Mass,
Z’, KK,.. ? Width, Lifetime ... t->Hb -?

Resonant Production \ /
H* -> ¢s, v, WA

\Forward-Backward Assymetry

—

Sample of Top Quarks

“The |pure and
simple truth is
rarely| pure and
nevef simple”
- Osgar Wilde

A

T, t', stop, ...
SUSY with (di-)lepton + jets
+ met signatures

04/09/2011 Tevatron, Corfu 2011, ASN 47



T (for M, = 1725 GeV) o+ttt CDF: 75 4 0.31{stat) £ 0.34(svst) £ 0.15(theory 7.46“.‘! pb up to 4.6

Da: TM:'::;: (stat + syst + lumi) pb 5.6
pp —+tf  Atlas: 180 & O(stat) + 15(syst) = 6(huni) pb 16067 ph | wp oo
CMS: 155 £ 10(uncor.) £ 15(cor.) £ G6(lami) pb 0.036
™ Fing (for M, = 1725 GoV) pp—tf  CDF: 08+ 0.4 pb (M, = 175 GoV) 220+012pb | 32
DU: 290 £ 0.59 pb 5.4
po —+ tE Atlas: 9073 pb 64.6*32 pb 0.7 Q
CDF CMS: 836 + 29 8(stat + xyst) = 3 3(lumi) pb 0.035 =
) o (for M, = 1725 GeV)) pp—+ 1t CDF: 18 32 pb (M, = 175 GeV) 1012001 pb | 32 o
DO: 0.68*°037 pb 54 %ﬂ
| aw, (for M, = 1725 GeV) pp—tf  Atlas: < 39.1 ph 15T+ 14pb 0.7 n
Vil CDF: |V = 091 £ 0.11(stat + svs) £ 0.07(theory) 1 3.2
DO: [Val = 1.02*3 1% 5
CDE™ 1 - Bt — wey Bt — wg) CDF: > 0.61 @ 5% CL 1 0.2
DO: 0.90 = 0.04 5.4
olgy — ) /olpp — it) =t CDF: 007512 0.18 1
M, Tev: 1732409 GeV = up o 5.8
Atlas: 1693 £ 6.3 GeV - 0.035
CMS: 1734 £33 GeV - 0.036
A~ MG CDF: =33 £ Ld(stat) = 1.0(syst) GeV 0 5.6
DO: 0.5 = ] .8(stat) = 0.5(svst) GeV 36
W helicity fraction Tev: fo = 0.732 £ 0.063(stat) £ 0.052(syst) 0.7 up to 5.4
’ Atlas: fo = 0.59 £ 0.10(stat) £ 0.07(svst) 0.7 0.035
Charge CDF: <43 exchuled @ 95% CL 2/3 5.6
DO: 1/3 excluded O 92% CL 0.37
}l‘. CDF: < 7.6 GeV & 95% CL 1.26 GeV 13
| DO: 199455 Gev w23
spin correlation Chens  CDF: 0.72 £ 0.64(stat) £ 0.26(syst) 0.777. 0003 5.3
DO: 0.57 £ 0.31(star + sys) 54
CDF ) Charge asymmetry =t CDF: 0158 £ 0.074 0.06 53
DO: 0,106 4+ 0065 5.4
DO 04/09/2011 pp -+t Atlas: Afoyar/bA SO IBEMA shD.023(syst) 0.006 07 Courte§1 De
CMS: A% = —0.016 £ 0.030(stat)* 1% (sys1) 0.013 11 EPS2011

liot



New Top Mass Measurements at Tevatron

& oueaen DI o
roaf < w0 “f [D05.4fb" B %
1:02-' T E 25; - h! ]
101F © 7 X E— j:;
0.9;: g 10? o3
0'9?70 172 174 176 178 180 182 B 5;
D50 200 e 300 350 . : ]
GeV 0
. DF, 36T e (Govi) o,
. fijets CDF, 5.6fb « D@, 5.4fb?
* Matrix element * dilepton e dilepton
e in-situ JES calib. * Assumen, 5 (NWA) * Matrix element
my = 1749 + 1.5 GeV L my = 170.3 + 3.7 GeV m; = 174.0 £+ 3.0 GeV
PRD84,032004(2011) PRD83,111101R(2011) arXiv:1105.0320
CDF Run Il Preliminary (5.8 fb™)
T e « CDF, 5.8fb!
5] . H’ —+— Data .
% ,LH  Fittea * All-hadronic
L * Kinematic fit + Template method
{’r"-._v*«_+ e (e in-situ JES calibration
100 / .*
f / \ m; = 172.5 + 2.0 GeV
t f "'f++*
04/09/2011 ci-;u:‘f‘ R— -’-“‘*zﬂ-e-—-mlevatron (Earg'qgﬁ ASN 49

0
m= [Gech]



Top Mass Measurement in CDF £+jets

Still world best single measurement

e CDF #+jets channel CDF Run I 5.6 fb” @

0.8
* e,u+ >4jets, >1b-tag

0.6 -
 1016(1b-tag), 247(=2b-tag) e o e,
. = : S nu“nj%%%

e Matrix element method = 02F %

. . . . a 0F ...... i ‘
e in-situ JES calibration [ I N '

* L;j(y | my, Ajgs) for each event o4 AlnL)=-20 Bt

- e AN L) = -4.5

S I O Y SO O | ] | B (P (|

170 171 172 173 174 175

o L(mgAjgs) =1L (Y | me, Ajgs) 06

7 m, (GeV/c?)
W+ - l ij_)MW
‘ 9
t .
AN 2 M, = 173.0 £ 0.7515 % 0.65gs % 0.95,5; GeV
WE/ oF =173.0 £ 1.2 GeV Am, /m;~0.7%
oV 5.6fb1

PRL105,252001(2010)
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Latest Top Mass Measurement at Tevatron

. Mass of the Top Quark w http://lepewwg.web.cern.ch/LEPEWWG/plots/summer2011/

July 2011 (* preliminary) 80 5 -z .
CDF-I dilepton . BT A S SA) = LEP2 and Tevatron
: ® -LEP1 and SLD
D@-1 dilepton 168.4 £12.8 (+12.31 38) | e8%cL
CDF-lI dilepton 170.6+ 3.8 (+2.2+3.1) —
) . >
D@-Il dllepton 1740+ 3.1 (+18+25) 8 80.4 -
5 _— [ —
CDF-I lepton+jets 1761+ 7.4 (+51+53) >
D@-I lepton+jets - 180.1+ 5.3 (£39+36) k=
CDF-Il lepton+jets -1 173.0+ 1.2 (+06+1.1) 1 __________
Dg'” |ept0l‘|+jets -~ 1749+ 15 (+08+12) 80.3 T mH ‘Gév ‘ / ',l\(l_ =
114 300 1000
CDF-l alljets 186.0 £11.5 (£10.04 57) 155 175 195
CDF-li alljets * 1725+ 2.1 (£1415) m, [GeV]
CDF-Il track - 166.9+ 9.5 (£ 9.0+ 29)
98, my = 92132 GeV (68%CL)
CDF'" MET+JetS * 1723t 26 (i 18+ 1.8] or
Tevatron combination * - .
173.2+ 0.9 (+06+0.8)
(= tat = sysi) < 161 GeV  (95%CL)
¥3/dof = 8.3/11 (68.5%)
| | | | | | Remark:

150 160 170 180 190 200
My, (GeV/c’) M,;,,=(173.2 £ 0.9) GeV (0.5%)

my =173.2£ 0.9 GeV m,, =(80.399£0.023) GeV (0.028%)

Am, < 1GeV, Am,;/m;~0.5%
t ’ t/Me o m— Amy, ~ 0.005 x dmy,, ~ 5 MeV =>mission impossible

: ) 1 _ o o
04/|\0/|9/e2%]151ured with 3.6-5.8fb vatron, corfOn 8qUal weights in Higgs limits 51




Tevatron W Mass current status w
Currently about 7 M W’s/expt (9fb)

** Last Tevatron combination:

m,=80420+31MeV (0.038%)

— Update previous CDF result to CDF Run 0/1 e 80.436 = 0.081
modern PDFs

DO Run | ——e—— 80.478 = 0.083
— Correct tosame I, o
CDF Run Il 200pb! +—e— 80.413 = 0.048
— PDF, QED, I', uncertainties correlated o g
<* More precise than LEPII legacy: ROVEIONi007 . D0:A32 4'0.080
80.367+0.033 GeV (0.04%) [DoRunt 1fb?  —e— 80.402 - 0.043
0:0 Current World average (2009): Tevatron 2009 — 80.420 = 0.031
mW=80399 + 23 MeV LEP2 average — 80.376 = 0.033
World average o 80.399 = 0.023
CDF (2.4 fb'!) and DO (5fb-1) are working | ' | Julyos
on updates with improved analyses 80 80.2 80.4 80.6
— expect to reach < 25 MeV per experiment m,, (GeV)

-> 15 MeV combining both experiments

=> W-MASS: ONE of the OUTSTANDING LEGACY OF THE TEVATRON
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Best possible scenario in about 2 years?

| L i 1 I 1 1 I ] l ] T I | ] I I I 1 I | I 1 LI
80.70 " experimental errors: LEP2/Tevatron (today) o
i 68% CL |
[ —— 95%CL |
80.60 (— —
- : “g\’\\. SUS\( i
3 8050 MSSM| 4 _—
0] .
3 E 1
= i ;.
80.40 —
80.30 |-
80.20 both models _N
- l Heilnemeyef, Hollik, Stockinger, Webiar. Weiglein 10}

160 165 170 175 180 185
m, [GeV]

AM, = 0.7 GeV
AM,, = 15 MeV

Higgs discovery at
a large mass
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Top quark charge asymmetry
!INot Forward Backward Asymmetry!!

At O(a42): top and antitop quarks have As teached by German Rodrigo (EPS11)
identical angular distributions

A charge asymmetry arises at O(ag®) [Kuhn, GR,1998]

q
Interference of ISR with FSR = w W
LO for ttbar+jet q Q

negative contribution (ttbar+1 jet) (a) (b)

Interference of box diagrams with Born I hotdddill mann

positive contribution (ttbar+0 jet) = , 4 >v<rcromm<
——20000000 9—=—

e color factor d_,.2: pair in color singlet )

(c)
e Loop contribution larger than tree level ? . 5 By <
(a)

top quarks are preferentially emitted in

the direction of the incoming quark

OOOEEO0 Y OO0 Yy——
Flavor excitation (qg channel) much = B g B
smaller ©
04/09/2011 Tevatron, Corfu 2011, ASN
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Inclusive asymmetry at Tevatron %

Charge conjugation symmetry* ( N:(y)=N,(-y) )

‘ forward-backward [Kihn, GR,1998; Antufiano, Kiihn, GR, 2008]
g 15
p NO>0-NGE>0_ oo 5,
N,(y>0)+N;(y=0) g
5

S4F = N(Ay >0)—N(Ay <0)

= =0.07809) Av=y,—-¥; o
N(Ay > 0)+ N(Av < 0)

-5

= mixed QCD-EW interference: factor 1.09
included [Hollik, Pagani, claim 1.19]

m stable to NLL threshold resummations Y 0 U T T O T U T N R

(one per mille) [Ameida,Sterman, Vogelsang] & S = a '
= NNLL threshold resummations RaRR
[Ahrens, Ferroglia,Neubert,Pecjak,Yang]

Not expanding the asymmetry in ag : the * CP violation arising from electric

asymmetry decreases by 20% at NLO (K factor), or chromoelectric dipole moments
but only by 5% at NLO+NNLL do not contribute to the asymmetry

Thegsymmetry increases with Mttbarhbecausecof giuon fusion 55



TOP Forward-Backward Asymmetry

Compare the number of top and antitop produced with momentum in a given direction:

A Nt (p) — Nt (]_9) Top (antitop) moving against or in the same direction in the
1 _ Lab or the ttbar rest frames
N,(p)+N,(p)

N;(cos(f) > 0) — Ny(cos(f) < 0) Choose to express it with 8 the angle between the
Ay = N,(cos(8) > 0) + Ny(cos(8) < 0) Top momentum and the p beam direction.

Use lepton +jet to distinguish between the Top and
the Antitop signature in the same event

up gquark
Jet

anti-down
jet

Use the hadronic side to Y
. . had
measure top rapidity.

-----------

e /

top quark
o.. - Q-Q-QQ'

q t lep thacl

Tag top vs tbar with_

\"h‘\ - lepton charge 'Ql " { ;
quark % _____________ ° p ge. - t L

@ Inclusive: -QY,,=Y,,, =-

top antitop

Rapidity-dependent:
Q(Y,ep-Yhad)=QAY= Y, -Y

top °antitop

%" Variables => calculate A,
ti-bol(.o.:n quark
Je
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Lepton+jets result (5.3fb™)

" AY( = Vi ytbar)
® Background subtracted, then unfolded back to parton level

m Atbar = () 158 + 0.074 (20 deviation)

E TP EEETEEE R A ey =0.057 £ 0.028 %800: —e— Dalareco  A=0.057=0.028
3 ; gatabk A!Mko =-0.011+0.003 3700:_ —a— {f Signal A=0.075=0.036
400 ka 2 fg= 0iRan0s (| =% tiParon  A=0.15810.072
450 A = -0.005 + 0.008 600/ I tiPythia  A=-0.011:0.002
300 500] —+—+
250 E
- 4001
200 .
: 300
150 E
100, | 2000
50( 100~
B =2 & p 1 22 3 : 4
Ay=y - 3
y=y,-y, A=Y,y
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Events / (15 GeV/c?)

10?

10

Lepton+jets result (5.3 fb?)

Found Az has a strong dependence on M,
Many possible theoretical scenarios where A.; depends on My,

0.6

_ —— data 2|+ data
3 =
B+ bkg L __—*_ NLO tt+ bkg
I background = - 1

T T Ill”ll

04
03 +
02

: ——
0.1

0 e L e L L LR L EE R LR LR L CEEE L

T 1 IIIIIII

‘ _0-1_|_||||||||||||||||||||l||l|||||!li!l|l|llIIII|II
800 9200 350 400 450 500 550 600 650 700 750 800
M; (GeVic?) Mg (GeV/c?)

selection all M M < 450 GeV /2 M > 450 GeV/c?

reco data 0.057+£0.028  -0.016£0.034 0.212£0.049
MCAGNLO 0.017£0.004  0.01240.006 0.030£0.007

04/09/2011 Tevatron, Corfu 2011, ASN (3.40 deviation) 58




Dilepton results (5.1fb™)

60 CDF Il Pre"minary Yi difference CDF Il Preliminary
| ' édel=5.1fb'1; - [Lat=sam”
: : 150 | e e .

]
T+

............... Amio'ffﬂi'bﬂﬂ -.-Data

.
Events

......................... - : oy 100

Events

S
o
mi
n
=
|||||

R Data-Bkg

—Bkg(* 1o)

20 ““““““““““““““““““ l

-2 -1 0 1 .ﬁ, e Agps = 0.137 £ 0.053(stat.)
e Ay p = 0.220 + 0.075(stat.) £+ 0.032(bkg shape)

4

Atrue = 0.445 + 0.152(stat.) £ 0.065(bkg shape) 2.30)

Confirms observation in Lepton+jets !!
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ppbar rest frame i
AcgPPhar =017 £0.07 (stat) £0.04 (syst) 1.9 fb1
A,F:zppba’ = 0.193 + 0.065 (stat) £ 0.024 (syst) 3.2 b CDF Top Asymmetry resu Its

AcgPPar = 0.150 + 0.050 (stat)  0.024 (syst) 5.3 fb-!

About 30 above zero

ttbar rest frame £ Ty,
Acg = 0.24 + 0.13 (stat) + 0.04 (syst) 1.9 fb relehurlelr [pleb ez

Achar = 0.158 + 0.072 (stat) £ 0.017 (syst) 5.3 fb-! within 26

ttbar rest frame (dilepton channel)
Argtar = 0.42 + 0.15 (stat) £ 0.05 (syst) 5.1 fb

CDF [arXiv:1101.0034] ttbar rest frame 5.3 fb-"
Apg™ (M, <450GeV) = -0.116 + 0.146 (stat) £ 0.047 (syst)

Argt®a (Mg, >450GeV) = 0.475 + 0.101 (stat) + 0.049 (syst)

. A"____._ PR T m below 450 GeV: negative
Invariant mass charge CD::;Z? J_ asymmetry but still compatible
dependent asymmetry 0= with the SM within 10

m above 450 GeV: positive

asymmetry, disagrees with the
SM at 3.40

0.2+

0.0 -/, — — —— —— ————————

m [he deviation from the SM In
the lab frame iIs not as
L significant Il

-0.2¢

: 2 M.
04/09/2011 Tevatron, CAPASYF1. ASN § 60




Events
I
o o

=y
N
o

‘NIIIIIII|IIIIIIIIIIIIIIIlIIIlIIIIII

100

N & O @
o O o o

Top AFB Asymmetry: new DO results

DQ@, 5.4 fb’
(b)

M it

[ W+jets

[ Multijet
e Data

Forward-Backward Top Asymmetry, %

TABLE IV. Ay-based asymmetries.
Arn (%)
Reconstruction level

92+3.7
24x0.7

Production level

196 6.5
50+0.1

Data
MCQNLO

2.40 measured vs expected at prod level
1.90 at reconstruction level

TABLE VI. Lepton-based asymmetries.

Reconstruction Level Abp (%)
DO, 5.4fb™ Reconstruction level Production level
P Data 14.2+3.8 152+ 4.0
|Ay| <1 6.1+4.1 MCOGNLO 0.8+06 2.1+0.1
30 effect for lepton based Asymmetry
|Ay|>1 21.3+9.7
TABLE IIl. Reconstruction-level Agp by subsample.
S. Frixione and B.R.Webber,
JHEP 06, 029 (2002) "11-'[! (%)
a0 6 ' ' 1'0 — 2'0 ' ' 3[0 ‘ Subsample Data MCQGNLO
M < 450 GeV 78+48 1.3+ 0.6
No statistical enhancement of Afb with  m. > 450 GeV 11.5+6.0 43+1.3
) |2v| < 1.0 6.1+4. 1.4+0.6
Ay or m(ttbar) |Ay] > 1.0 21.3+907 6.3+ 1.6

04/09/2011
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A, of the Top Quark

Forward-Backward Top Asymmetry, % Forward-Backward Top Asymmetry, %

Production Level

CDF, 5.3fb™

- 4 I o ]
T

15.8+7.2+1.7 CDF, 5.3fb™ 7.513.7(stat.)

u

Reconstruction Level

S. Frixione and B.R. Webber,
JHEP 06, 029 (2002)
M R

B
ul Ir

19.646.0'2 D@, 5.4fb" 9.243.7/55

S. Frixione and B.R.Webber,
JHEP 06, 029 (2002)
R T

| L L L L L L | |

N. Kidonakis, July 2011
PRD84:011504 (2011)
[ V.Ahrens et. al., " -
arXiv:1106.6051v1 (2011) (* preliminary)
] W. Hollik and D. Pagani,
arXiv:1107.2606 (2011)
CDF LJ —— 0.158 + 0.074 (:0.072+ 0.017)
: (5317 DO, 5.4fb™
CDF DIL* : e
: 0.420 + 0.158 (:0.150+ 0.050)
(5.117)
CDF combined~ —@— 0.201x 0.067 (:0.085 = 0.018)
H (= stat = syst)
Do LJ* ! —e—  0.19620.060 3918
: (541m7)
l I l | I
-0.4 -0.2 0 0.2 04 0.6 0.8
Alb

Afb: Comparison

CDF vs DO

20 3 0 5 10

Forward-Backward Top Asymmetry, %

Both experiments are pursuing their

Reconstruction Level
m; < 450 GeV
—e—
D@, 5.4fb™ 7.8+4.8
—e—
CDF, 5.3fb™ -2.2+4.3
m; > 450 GeV
—e——
D@, 5.41b™ 11.5+6.0
. 4
CDF, 5.3fb" 26.646.2
S. Frixione and B.R.Webber,
JHEP 08, 029 (2002)
1 1 | 1

analysis with the full set of recorded data ISP N P R

and will combine then at the end.
04/09/2011

-10 0 10 20
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From Tevatron to LHC
Tevatron

d ofdy (pb)
-
.

35

A = Ne(lyl<yc)-Nz(lyl<yc)
¢ Ne(lyl<yc)+Ne(lyl<yc)

central charge asymmetry

_ Nellyl>ye)-Ne(ly1>yc) anti-central charge asymmetry

A=
C 7 Ny >y +Ne(lyI>ye) [Edge charge asymmetry,
Forward charge asymmetry]
N(A>0)-N(A<0)
Ap = A= |nel = Ingl or A= ly| — lyel

N(A>0)+N(A<0)

Interesting competition and complementary information from both sides that will
‘ be essential for a final conclusion whether or not there is a BSM effect there.

Should get soon more about it, stay tuned!
04/09/2011 Tevatron, Corfu 2011, ASN 63



W boson polarization in top decay

ls q % 0.8 — left-handed
. D === Jongitudinal
Spln= 1 2 g : rig:f-kanded
+ = 00-6 = —sum (SM)
Spin=1/2 o
t an 0.4F
_ — 3
0.2}
N -~ - l\ V'A
b 0 o | 1
Spin=1/2 ", 1 05 0 05 I
cos 0

" The SM top decays via EW interaction: Br(t — bW) ~ 100%
® Top decays as a bare quark (no hadronization )= szin info transferred to final states
" V-A coupling in the SM = F,=BR(t >Wb)= — _’:IZ‘MW% =~70%, F_=30%, F, =~0%
® Jongitudinal fraction fO ~ 70% t
® left-handed fraction f- ~ 30%
® right-handed fraction f+ ~ 0%

" The SM prediction modified in various new physics models
® W polarization fractions are sensitive to non-SM tWb couplings

® Use cos0* : Angle between lepton (down-type quark) in W rest frame and the

momentum of the W in the top-quark rest frame
04/09/2011 Tevatron, Corfu 2011, ASN 64



» Simultaneous measurement: w
» f,=0.88 £0.11 (stat) £0.06 (sys)
o f.=-0.15 £0.07 (stat) £0.06 (syst)
» Correlation coefficient of -0.59

» As measured central values are unphysical
use Feldman Cousins (FC) method to obtain
confidence level intervals

» Model dependent measurements:

* f,=0.70 £0.07 (stat) 20.04 (syst)
constraining f,=0.0

o . =-0.01 £0.02 (stat) £0.05 (syst)
constraining f,=0.7
Upper limit at 95% CL : f,<0.12

04/09/2011 Tevatron, Corfu 2011, ASN

Result from lepton+jets events

CDF Run Il Preliminary (2.7 fb")

—68.27% CL

----- 90% CL

0.5}

FC Contours include
stat+syst uncertainties

Published for PRL publication
FERMILAB-PUB-10-041-E,
Phys. Rev. Lett. 105, 042002 (2010)
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Result from dilepton events

Used 343 pre-tagged di-lepton candidates (304 passed reconstruction) with 5.1 fb-

1 and 137 b-tagged events (118 passed reconstruction) with 4.8 fb!

Simultaneous measurement:
®  Before b-tagging : f2P = (.73 T {15(stat) £ 0.06(syst)

2D =—0.08 & 0.09(stat) £ 0.03(syst)
®  After b-tagging : {2 = (0.78 T )30 (stat) £ 0.06(syst)

2D — —0.12 * g ip(stat) & 0.04(syst)

Model dependent measurements:

® Before b-tagging : fiP = 0.60 £ 0.09(stat) £ 0.06(syst)
1P = —0.06 £ 0.04(stat) = 0.03(syst)

®  After b-tagging A fi¥ = 0.62 £ 0.11(stat) £ 0.06(syst)

1D = —0.07 * poe(stat) + 0.03(syst)

® Determined upper limit on f+<0.07 at 95% CL

Well in agreement with SM expextations
04/09/2011 Tevatron, Corfu 2011, ASN

| For p re-mgged gyeni I CDF Run Il Preliminary (5.1 ﬂ)")
L K-S Test :0.739
140~ 1* Test :0.728 . I(JEAIrA -
C ntries :
120 []fi(c=6.7pb)
g 100 : I [ Diboson
T E I DY — eerpp
Q -
"‘E_' Eag | oy -1
5 sol—" I Fakes
=
a0
20k
D

| negative log-likelihood |

=

E 0.1

90,05

3
=

'0—" 0 -
005}
.01 i
015
-ozf

-0.25C

-1 -08 -06 -04 -D2 O 0.2

cos 6*

|cDF Run 1l

04 06 D08

preliminary (5.1 fb")i

|

BN |
[
o

- N W & OO O N O

0.5

0.6

0.7

i : )
0.8

0.9
f, (uncorrected)
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Preusuon measurement of ratio B(t ->Whb)/B(t->Wq)
by DO with 5.4fb!

1+Data
Dg L= 54fb (c)

#10° — T R=1
z T tt R=0.5

- gackground R B(t — Wb) _ | Vip |2

Bt—Wq) ~ [VaP+ Ve P+ Vea P
10 3 = Assuming Unitarity of 3x3 CKM Matrix, IVtbl is highly

f =T constrained to:

'3 N [Vis| = 0.999152 500004
10— Thusif R# 1 =>indication of BSM; indeed:
NN output If 4th generation of quarks => no more such constraint.

A smaller value of IVtbl can be directly
observed in single top production and

: also affects xcross(ttbat production.

| e : - Measure of R with gq=d, s or b-quark

0.6 "' - in dilepton and lepton+jets channels .

: Distinguishing ttbar with 2 b tags or 1 or none

0.4 y R = 0.90 + 0.04 (stat+syst)

::(_::: (5[,;1{.—~—_\‘_\'St ) ])l).

© 1Tpg 541"
{ 68% cL
1 95% CL

o
o
|

o = T7.747

: : R agrees within 2.50 with SM
: . CDF is pursuing the analysis done so far
Teva‘lron, Corfu 2011, ASN  with only 160 pb-l 67
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SINGLE TOP: TEVATRON versus LHC

Tevatron

s-channel

Rhallenging 1 LHg

for m; = 172.

(in pd)

pp @ 1.96 TeV 1.04 = 0.04 2.26 = 0.12 0.28 = 0.06
PRD 74, 114012 (2006

pp @ 7 TeV 4.6+0.3 64.6733 15.7+ 1.4

PRDR1, 084028 (2010) PRDSX, 091303 (201 PRD=R2 05 rN R (2010)

N \ ! / 7%%/

N

h / ’\JVV‘L,

d h b
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Single top: after 15 years of search...
Experimentally very challenging and same as WH (signatures & backgrounds)

Going down Total inelastic

Dramatically
in cross-section

16°

- mb
16°

Cross section (barns)

-6

10" Fub

16°

Higgs (ZH + WH)

10 16
1 120 140 160 180 2,()0
Higgs mass (GeV)/c % )
(7r ‘T
=> multivariate analysis techniques b
Boosted Decision Boosted Boosted Decision [ Neural Networks | [ Matrix Elements | | Likelihood
Trees Neural Networks Trees —
. .\-\ - — L\ . i "3_‘ % w
@»_ = d ﬁ d
@ f‘i? g S 9 < e @ g <
29 ¢= g ¢ v : |89 gi= i ;
L Hedm b ! 3 L Hedlm o
combine up to 12 different analysis channels:
- D@ Single Top 23 s . +jets selection :
E mf’::g ; W"Je:? : recover badly reconstructed e, y; include T
- £10 uncenisinty N iiots I @
§ Mukysse single g 1 CDF Run Il Preliminary, L = 3.2 "
w

Tevatron, Corfu 2011, ASN

o8 08
‘Super Discriminant

0s

M. Discriminant
Discriminant Output

I single Top
B W+HF
Il

QCD+Mistag
B cther

—— Data



Single Top Quark Cross Section

August 2009

: +0.56
CDF Leptontjets 3.2f" @ 2. 17 pb
I
' +26
CDF MET+jets 21fb" ! o i 5.0 553 pb
]
! +
D@ Leptontiets 2.3 ! 3. 94 e pb
I
. " ' +0.58
Tevatron Combination ! 2.76 _5 47 pPb
Pralissisen .
I
B B.W. Hamis et al., PRD 66, 054024 (2002) e
N. Kidonakis, PRD 74, 114012 (2006) ,”: P 170 Gev
I
| I — | | I T |

0 2 4 6 8

¢ (pp — th+X, tqb+X) [pb]

CDF Preliminary Single Top Summary

For M,,, = 175 GeV/c®
S-Channel _|_,_ 0.9
Likelihood Functi
|e(f?g?b)un0|on 15i08

Neural Network
(3.2 ;;N

o

Matrix Elegnent
(3.2f)

Likelihood, Function
(3217

Boosted Decision Tree
(3.2

Combination (Lepton+Jets)
(3.2 )

MET+Jets,
(2.11°)

Combination (All Channels)

Combining CDF & DO

(3.2 )

0> No| 9P ON Um o

oy 3__ Tevatron Preliminary, August 2009 -5 0 5
2 I For o™ = 3,14 pb Single Top Production Cross Section (pb)
@ NLO: Z.Sullivan, Phys.Rev.D70,114012 (2004) NNNLO: N.Kidonakis, Phys.Rev.D74,114012 (2006)
02 5/ [PRD66 054024, 2002] o y
6 [ |v.|=091+0.08 CDF Run Il Preliminary, L=3.2 fb
" - tb =
8 2 95% C.L. limit: 0.79 =2
g B theory b - ?
a [ Forog,, ' =3.46pb g = % _y 3+06 b
1.5 [PRD74 114012, 2006] gt / Csingle Top P
- IV, |=0.88+0.07 > F %
12_ 95% C.L. limit: 0.77 £ F / IVtb| =0.91 £ 0.11 (exp.)
C § 3 +0.07 (theory)
0.5[ e b
. Lo
=2 1= —
L i ] =
— 1] r
% 0z 04 06 08 Iz1 $
I 3
b = :
04/09/2011 Tevatron, Corfu 2011, ASN ¢ 2 /R S ST

Single Top Cross Section [pb]



Latest results on single top: DO

Interest to measure the tb and tbq production cross-sections separatly, in an independent way

from theoretical assumptions about their relative
Rates (as previously done by CDF and DO).
= will allow to see if any deviation wrt SM.

CDF Run Il Preliminary, L=3.2 fb”

2 * BestFit
g 45 ¢t ULl 68.3% CL
c "
S 4 \0) .\ 95.5%CL
3 0\6\C Qa(\so 99.7% CL
é - < cO M SM(NLO)
e 3 t0 B SM(NNNLO)
-
(S M
;R
<15

1

05

0 15 2 25 3 35 4 45 5

s-Channel Cross Section o, [pb]

0 05 1

DO new results:

TABLE II: Variation of the measured cross section for tgh and
th single top quark production with the top quark mass.

o=

t-channel cross section [pb]
N

-1
DO 5.4 1b
68% C.L.
N 90% C.L.
N 95% C.L.
® Measurement
B [1]
[1] PRD 74: 114012, 2006 B sm .2
- [2] EPJ C49: 791, 2007 ¢ Four gener[g]tlons
[3] PRD 63: 014018, 2001 ;
| [4] PRL 99: 191802, 2007 O Top ﬂ?“‘]""
I ] FCNCI
% 2 a

s-channel cross section [pb]

= +
mq 170 GeV 172.5 GeV 175 GeV o(ppbar->tgb + X) = 2.90 + 0.59 pb
tqb 2.8070°57 2007052 2531058 in good agreement with SM
th 1.31+0-7 0.98+0-62 0.6510%5 !!Most precise to date!!

Probability of the background to fluctuate & produce a signal as large as the one observed is:

04/09/2011 Tevatron,

1.6 x108, corresponding to a sign cféﬁﬁ'?ocléi’ oI 5.5 o deviation
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Search for Higgs(ses)@ FNAL

CDF Run Il Preliminary, m =115 GeV

=
2] —— Summer2005 —— December 2008
-E —— Summer2006 —— November 2009 i
= —— Summer2007 —— July2010
) —— January2008 —— July2011
E \ Projected Improvements
10 i i
a
o
5 o

6 8 10 12 14
Integrated Luminosity (fb™')

Tevatron Run Il Preliminary, L < 8.6 [

g 17,20

100 110 120 130 140 150 160 170 180 190 200
m,, (GeVic?)

Ty T
' LEP Exclusion ! Tevatron
10 e . Exclusion|

95% CL Limit/SM

‘evatron Exclusion

I I 1 SR oty 1T 2411
100 110 120 130 140 150 160 170 180 190 200
mH(GeWcz)

Observed Exclusion : 100-109 and 156-177 GeV/c?
Expected Exclusion : 100-108 and 148-181 GeV/c?

) v "
2 [l, Tevatron has performed an impressive very complete

- D ) Y] AN ore )1 F orATONS

- s . e - .

o TA0

X

Two main goals and challenges: low mass Higgs & especially H-> bbbar

04/09/2011 Tevatron, Corfu 2011, ASN 72



Cross section (pb)

| Excluded by LER

100

04/09/2011

120

T

qgg—H

LOW MASS HIGGS:

T

Production ?

Production and Decay
at the Tevatron

140

160

180 200

my (GeV/cd)

Branching ratio

100 120 140 160 180 300
my, (GeVic?)
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The many ways to produce a light Higgs at the Tevatron

m, <135GeV

m,>135GeV

WH - v bb
7ZH — 11 bb
VH — vvbb
lvbb

VH —qq bb
H— tt+jets
bb+jets

vy

+ VH + VBF + ttH
W(*),Z(*

04/09/2011 Tevatron, Corfu 2011, ASN



Higgs Production at the Tevatron: the main channels

Tevatron unique for finding H into bbar channel

( zHobb ), ( zH-owbb ) ( WHoIbb ]
Q

WH—Ivbb | ZH—->wbb | ZH—Illbb | H-WW—hlv

reconstruction/selection/tagging efficiencies ~ 10% in H—-bb
channels and ~25% in H-=WW channels
04/09/2011 Tevatron, Corfu 2011, ASN 75



Cross section (barns)

On the path to the Higgs sector at Tevatron:

Events +»» Search for very low cross section processes
At1.96 TeVce.m. i qq * Measure/discover new processes instrumental

1 . : .
Total inelastic s+ for discovering possible HO
162 1.4x10™ & Fight against very huge SM backgrounds
b +* Handle very accurately ALL systematics
-m
16" bb fxiom CDF Run II, pp at\'s = 1.96 TeV
0 =
(@ =
¥ c - o CDF Preliminary
10° } b 2. 40
© 10" :
W & E —~a— = CDF Published
8 6x108 @ N Th
-Nb Z 6x105 ¢ E
10" S T
tt g10°E
5 14,000 £ F
10 "t pb 5,000 :
\ 10 E = o i
14 ~1007 i e .
10 Higgs (ZH + WH) i +
 fb 'F .
100 120 140 160 180 200 Sy T T T O O R L
Higgs mass (GeV)/c? w2 W 5 wy a Wy t 2 Mo, e,

M,=160

This is not only a matter of developing smarter & smarter analysis tools ! (see next)
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Higgs sector demands it all from the detectors

— signal
— isolation

\ Mt /

HAD

not associated iy . .

with tau candidate EM

Calorimeter jet

Particle jet

Jet
Displaced tracks / b ‘ ':
tagging DS
Decay lifetime ’
Ly -, #Secondary vertex
Za*/

Primary vertex

/
?\,
do -~

Prompt tracks

WITH STRONG TRIGGERING POWER
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A dedicated new Higgs trigger & N.P. searches (2008)

High luminosity gives large calorimeter occupancy (pile up) => fake
clusters/cluster merging (ex: red toW single cluster)

CDF Uses same processing strategy
than for SVT: A.M. and pulsars

| CAL coT MUON SVX CES
T 1 T
k I )
XFT — XCES
v
T =
- ||
N i \
‘% (‘l:kll TR.Lfl(‘K MT.I;LE)‘J
5-6 pile ups at 4x103%/cm?/s oF oxis I ' :
— e ' '
. s HHHHHHH GLOBAL |
_‘:—Z“ ¢ LEVEL 1|
p O > + . p M a ‘ ‘
> . @ Yy s
event + underlying event + pile-up -
— ’ :
L2Cal Y o svek e
(4 Pulsar crates) L e
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s New trigger strategies for the Higgs (by 2008)
" The calorimeter trigger upgrade together with XFT-3D, SVT upgrades

significantly improves CDF reach for the Higgs (and lots of Physics topics)

Ex: New Jet clustering provides

>
]

=
o
o
o
E
@
2700
n
2
=
@
>
w

900

800

[+2]
o
o

(4]
o
o

400

300

200

100

efficiency

e 9
0 O

AT RAAATRARR AN AARLIEARAYE

0.7

et L R GG,
-15 -10

L] Old L2: <AE>=5.2 GeV
| New L2: <AE;>=0.4 GeV

Improved Et(jet)
. resolution

N
S
\\\\

5 20 25 30
EL(L3)-E(L2) [GeV]

i (A
s ."i"'('

0 ll.l.!lk‘..lll.U.J.|..'.].L!.|J 1T

. o JET15 Pass?2
~ a JET15 Pass 12

04/09/2011

ral i bl A S IV PSP IO I PR PN Pl T AP T T |
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

L3 E, (GeV)

Mode

Acceptance
increase

WH —
evbb

+97 %

WH —
uvbb

+110 %

ZH —
e+e-bb

+27 %

ZH —
p+u-bb

+60 %

ZH —
vvbb

+30 %

H—
Ivlv

+24 %
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95% CL Limit/'SM
=}

Goal: to leave NO HIGGS event behind.
Best sensitivity obtained by combining MANY INDEPENDENT search channels

CDF Run Il Preliminary, L <8.2fb"

— e ;:::::: o mmmmmee WH-+hvbb
e, T OEE T RIS ZH-whb
o e ZH-1Ibb

S vz

2 T Gty _ ttH—=WhWbbb
H—tr

WH-—lvrr / ZH—lltr
H—>WWlvly
H—WW—hijj
: WH—WWW / ZH-ZWW

/ SM=1 | July 17, 2011 r H_.zz

100 110 120 130 140 150 160 170 180 190 200
m, (GeV/c?) Not mentioned here ALL the BSM

Higgs that are looked for as well!
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Goal: to leave NO HIGGS event behind.
Best sensitivity obtained by combining MANY INDEPENDENT search channels

H2GG_CCCC

CDF Run Il Preliminary, L < 8.2

fo'

LEP
Excl.

95% CL Limit/SM
o
w

10

wemew Mo

sssaw

| I
_— WHIHVEE b D W
e WH.IILYEE _gabdon”

Horted ' Obe
180" Exp
DA TETAN" O
MAam7s70n" by
BN METojets 570" OBe
BHAMETopets 57 % Exp
LIn Ons
C2m " Cap

Wil
WX

Otes

Fup

|

|

WM TR TE N
WHLZM ST 7 B
Wil th 75 %" Obe
Wri b 75 0" Exp
Hopl0n' O
Hopon’ bap

HH hojotn 75 1" Ot
M lkeptn 760 Exp
SAZD te
2420 Exp
HoWNEI D' O
MowE eI Eap
Canviniwad Clia
Comritzred Cap

Oty
Fep

Vem_p20_Ojets
em_p20_1jets
Wivem_p20_2jets
hww_mm_p17_ojet
hwwi_mm_p17_1jet
hww_mm_p17_2jet
hwwi_mm_p20_ojet
hwvi_mm_p20_1jet
hwwiee_Ojet_p20
hwwi_mm_p20_2jet
hwwmij.p17
hwwmijj.p20
analysis type 1
analysis type 2
HWW_analysis type 3
mtjj Channel
VHIIX_p17_diem
hwwee_ljet_p17
VHIIX_p17_dim
VHIIX_p17_emm
VHIIX_p20_diem
VHIIX_p20_dim
VHIIX_p20_emm
WHevbbRuniia 1Tag,2Jet
\WHevbbRunl1a 2Tag,2jet
WHevbbRuniia 1Tag,3et
WHevbbRunila 2Tag, et
WHevbbRunlibl 1Tag 2Jet
hwviee_1jet_p20
\WHevbbRunlIb1 2Tag, 2Jet
WhevbbRuniibl 1Tag,3let
WHevbbRunlibl 2Tag, 3Jet
WHevbbRunlib2 1Tag 2Jet
WHevbbRunlIb2 2Tag, 2Jet

WHevbbRunlib2 1Tag,3Jet
WHevbbRunlib2 2Tag,3set
WHmvbbRuniia 1Tag, 2Jet
WHmvbbRunila 2Tag, et
WHmvbbRunlla 1Tag,3Jet
hwwee_2jet_p17
WHmvbbRunlla 2Tag, 3Jet
WHmvbbRuniibl 1Tag, 2Jet
WHmvbbRunlibl 2Tag, et
WHmvbbRunlibl 1Tag, 3Jet
wHmvbbRunilb1 2Tag, 3set
WHmvbbRunIIb2 1Tag, 2jet
WHmvbbRunIIb2 2Tag, 2et
WHmvbbRunIIb2 1Tag, 3Jet
WHmvbbRunllb2 2Tag, 3Jet
zhceeebb_runza_dt_2j
hwwee_2jet_p20
zheeeebb_run2a_st_2j
zhcceebb_run2bs_dt_2j
zheceebb_run2bi_st_2j
zhceeebb_runzb23_dt_2j
zhceecbb_run2b23_st_2j
zhececbb_runza_dt_2j
zhececbb_runza_st_2j
zhececbb_runzbl_dt_2j
zhcececbb_runzbi_st_2j
zheeecbb_runzb23_dt_2j
hwwejj.pi7
zheeecbb_run2b23_st_2j
zheicrbb_run2a_dt_2j
zheicrbb_run2a_st_2j
zheicrbb_run2bi1_dt_2;
zheicrbb_run2bi_st_:
zheicrbb_run2b23_dt_2j
zheicrbb_run2b23_st_2j
zhmmbb_run2a_dt_2j
zhmmbb_run2a_st_2j
zhmmbb_run2bi_dt_2j

hwwejj.p20
zhmmbb_run2bl_st_2j
zhmmbb_run2b23_dt_2j
zhmmbb_run2b23_st_2j
zhmtrkbb_run2a_dt_2j
zhmtrkbb_run2a_st_2j
zhmtrkbb_run2bl_dt_2j
zhmtrkbb_run2bl_st_2j
zhmtrkbb_run2b23_dt_2j
zhmtrkbb_run2b23_st_2j
ZHwvbb_Runlla_1tag
HWWem_pl7_0Ojets
ZHwbb_Runlla_2tag
ZHwbb_Runlibl_1tag
ZHwbb_Runlibl_2tag
ZHvvbb_Runlib23_1tag
ZHvvbb_Runlib23_2tag
etaujetjet ** new

List of CDF & DO channels to be combined

SM=1

e

July 17, 2011

04/09/2011

1
100 110 120 130 140

el
150 160 170 180 190
m,, (GeV/c?)

edfls < CDP
cdflé < CDP
edf17 <> cor

VH->MET bb 18 7.8 £b-1
VH->MET bb £5 7.8 £b-1
VH->NET bb S 7.8 fb-1l

¢df28 < CDF HWW 8.2fb HighSEO0J
ed£29 < CDF HWW 8.2fb LowSBOJ cdf125 <> CDF
cdf30 <> CDP HWW 8.2fb RighSRly edf126 <> CDF
cdf3l < CDF HWW 8.2fb LowSB1J cdf127 <> COF
od£32 < CDP HWW 8.2fb 2J0S cdf128 <> CDF
cdf56 <> CDF WH WWW 8.2 fb-1 like-sign cdf129 <> CDF
cdf57 < CDF H->KW 8.2 fb-1 low-nll ©df130 <> CDF
ed£64 < CDP WH ME 5.6 £b-1 3J SVJIP cdf131 e CDF
cd€65 <> CDF WH ME 5.6 fb-1 3J SVJP lcose cdf132 <> CDF
cdf66 <> CDP WH ME 5.6 fb-1 3J SVnoJP cdf133 <> CDF
ed£67 < CDP WH ME 5.6 £b-1 3J SVnoJP looze cdf134 <> CDF
edf68 <> CDF WH ME 5.6 fb-1 3J SVSV cdfl35 <> CDF
cdf69 <> CDP WH ME 5.6 fb-1 3J SVSV lcose cdf136 <> CDF
cdfB4 <> CDP H->WW Trilepton NoZ 8.2 fb-1 cdf137 <> CDF
edf@85 «> CDF H->WW Trilepton Inz ljet 8.2 #b.1 <df138 < CDF
cdfB6 <> CDP H->WW etau 8.2 fb-1 cdfl39 <> CDF
©df87 < CDP H->WW mutau 8.2 £b-1 cdf140 <> CDF
odf88 <> CDF H->WW Trilepton Inz 2jot 8.2 £b-1 cdf1dl <> CBF
edf101 <> CDF Htautau 2jets 6.0 fb-1 cdf142 <> CDF
cdf102 <> CDF Htautau 1ljet 6.0 fb-1 cdf155 <> CDF
©d£103 <> CDF jjbb S5 4fb-1 cdf156 <> CDF
edf104 <> CDF jjbb 83 4fb-1 cdf157 > CDF
cdf105 <> CDF jjbb VBF 85 4fb-1 edf158 <> CDF
©d£106 <> CDF jjbb VBF §J 4fb-1 cdfl53 <> CDF
cdf112 <> CDF H->gammagamna 7.0 fb-1 CC cdileD => CDF
edf113 <> CDF H->qammagamna 7.0 fb-1 CP cdilel e> CDF
cdf11¢ <> CDF H->gammagasma 7.0 fb-1 CC Conv SAC163 o ¥
cdf115 <> CDF H->gammagamma 7.0 fb-1 CP Conv cdf163 <> COF
~EdTTTE <> CDF VeBUtaT 1TT 6 2 Th=T cdflé4 < CDF
edf117 <> CDF Vtautau lltau 6.2 fb-1 cdiles <> CDF
edf118 <> CDF Vtautau emutsu 6.2 fb-1 cdfl66 <> CDF
cd£119 <> CDF Vtautau ltautau 6.2 fb-1 cafl67. o COF
cdf168 <> CDF
cdf121 <> CDF ttH MET+jots 2?btag 5.7 fb-1 cdf169 <> CDF

cdfl22 <> CDF
edf123 <> CDF
ecdf124 <> CDF
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tLE MET+jets Jbtag 5.7 fb-1
ttH All 2Zbtag 5.7 fb-1
£tH A1l 3btag 5.7 fb-1

as of July 14 2011

xumubb ST 7.9 £b-1

xumubb LIP 7.9 £b-1

rumubb DT 7.9 fb-l

eebb 8T 7.5 fb-1

eebb LIP 7.5 fb-1

eobb DT 7.5 f£b-1

WHAM NN 7.5 fb-1 SVTSUT TIGHT with BNN

WHAM NN 7.5 fb-1 SVTJPOS TIGHT with BNN

WHAM NN 7.5 fb-1 SVTnoJPO5Roma TIGHT with BNN
WEAM NN 7.5 fb-1 8VTnoJP0SnoRoxa TICHT with BNN
WHAM NN 7.5 f£b-1 SVISVT PHX with BNN

WHRM NN 7.5 fb-1 SVTJPOS PHX with BNN

WHAM NN 7.5 fb=1 SVTnoJPO5Roma PEX with BNN
WHAM WM 7.5 fb-1 SVTnoJPOSnoRoma PHX with DNN
WHAM NN 7.5 £b-1 SVTSVT ISOTRK with BNN

WHAM NM 7.5 £b-1 SVTJPOS ISOTRK with BNN

WHAM WM 7.5 fb-1 SUTnofPO5SRoma TSOTRR with BNM
WHAM NN 7.5 fb-1 SVTnoJP0SnoRoma TSOTRK with BNN
WH KN 7.5 £b-1 2JET SVTSVT LCOSE ISOTRK

WH KN 7.5 £b-1 2JET SUTIPOS LOOSE I1SOTRK

WH KX 7.5 £b-1 2JET SVTnoJPOSROME LOOSE ISOTRK
WH NN 7.5 fb-1 2JET SUTnoJPOSnoRoma LOOSE ISOTRK
HZZ alLLL B.2 £b-1

ttH 1457 STSTST 6.3 £b-1

ttH 145F STSTJP 6.3 £b-1

ttH 1453 STST 6.3 fb-1

ttH 1457 STIPJP 6.3 fb-1

ttH 1457 S8TJP 6.3 fb-1

ttH 1457 STSTST 6.3 fb-1

tLH 1453 STSTJP 6.3 £b-1

ttH 1483 STST 6.3 fb-1

ttH 1457 STIPIP 6.3 fb-1

ttH 1457 8TJP 6.3 £fb-1
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Do-not-leave-any-Higgs-event-behind flow diagram

Optimize event selection (including triggers), reconstruction
and tagging/identification algorithms

Maximize sensitivity:
v' Combine all possible decay channels
v’ Use all production modes

Viaximize acceptance to Higgs signal:
v’ Be inclusive for selecting candidat sample
v" Improve e,u ID efficiency
v Improve and further develop the t-lepton ID
(fake rate estimate)
v Improve b-tagging
v Improve jet tagging
v" Handle the increase of pile ups (Lum) on some more
sensitive variables

Model Backgrounds
v’ Cross-checks using control regions in data
v' Measure xcross section for SM processes
Signal/background separation
Multivariate techniques
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Determination of limits: Limit plot example
Observed limit (solid line)

from data

Upper cross section limit for

CDF Run Il Preliminary a
. . . L=821b
Higgs production relative to 3 ? ; _ _ I :
SM prediction IO’ é- :::::::g . :::é::: 7:::::::% :::é: ::::g::: ‘ :::::: ::::::::::::::é::: o+e* HighMass Expected -
N o [] oo 2
5 i
L 10
e 000 i m § s e T oo —
(&)
32
o | i |
Medlall expeCted llllllt (dOt- e ::::::::.:: - ::::;::: i s ::;t:‘ e
dashed line) and predicted E '\ i::f,.. ———— L ce— ——
16/20 (green/yellow bands) D PPl oY PP TR JUR R R
excursions from background 110 120 130 140 150 160 170 180 190 200
_ . Higgs Mass (GeV)
only pseudo-experiments /7

Analysis repeated using different signal templates for
each my between 100 and 200 GeV 1n 5 GeV steps

Courtesy Eric James
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Observed limit (solid line)

e U TR from data
Uppel cross section limit for COF Run N Preliminary I._,.zm-'
CDF Run Il Preliminary, L<8.2 fo” : :
— . —
§ LEP Exclusion | gopl _ Z [ DOPreliminary, L=4386m " -—g:m
= Xciusion| - I i inat === Expected
£ 10 Expected Eep——— 1 E L R o+ Combluation B Expected tio
3 16 Expected - / g [] Expected 120
- ] ;_‘.':Elpomd O o
) i o
-0 ®
o v
n *
o))
1 : 1
+_ : <+— LEP Exclusion
&————CDF Exclusion  July7, M /Dﬂ Exclusion .
100 110 120 130 140 150 160 170 180 190 %’00 100 110 120 130 140 150 160 170 13'0 190 %00
m,,(GeV/c®) July 17, 2011 my, (GeV/c)
WETE FTETE SETTE FETTE ST FETTE FTETE FEwee
excursions from bacl-:grouna 170 120 130 140 150 160 170 180 190 200
. Higgs Mass (GeV
Ollly pseudo-expemnents /7 99 ( )

Analysis repeated using different signal templates for
each my between 100 and 200 GeV 1n 5 GeV steps
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Tevatron Run Il Preliminary, L < 8.6 fb™

B e e e man ey m )
5 ; LEP Exclusuon - Tevatron
.E 10 .."7::"'::&:::1/ ; EXC'USIOQ 21
E —— -. nen Exp.cmd foces | _ —
5 -— == Observed : : . ‘ |
Y - st HE 10 Expected
1 *2c Expected AN
= 0O
o o
2 % R
@ O
1 10
T - 1 7
- .(!i—“-l—lTpvatron Excluslon | I -{0'717 2?" z:)_!
exc
- 100 110 120 130 140 150 160 170 180 190 2ooev>

m,_,(GeV/c )

Observed Exclusion : 100-109 and 156-177 GeV/¢?
woson EXpected Exclusion.:, L00-108 and 148-181 GeV/c?.



LOW MASS HIGGS: search for Higgs into bb

'8_ 1.0¢ ] o% lf- - --,,< bb- | |'H->WW. y—¥,
= | Production = bb W
i) gg—H ] = [
— | -
O S
w o 0.1- 4
g '
S 01 &

o

Q 4

5 102 =

v F~ i

b4 -

- b

100 120 140 , 160 180 200 f5T I
% Be able to work with verilg
My (GEV/C") m,, (GeVsc?)

Low Mass Final States

WH — (vbb == 1 High Pt Lepton + E7 + b jets
ZH — ¢¢/bh == 2 High Pt Leptons + b jets

ZH — vuvbb_ - |
WH — (£)vbb ]-)O High Pt Leptons + E1 + b jets

Efficiency for tagging b-quark jets is critical as well as rate for mis-tagging light quark jets
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Searching for H>bb

95% CL Limits at m, = 115 GeV

Channel Exp/obs Limit
(o/SM)
| WH>Ivbb (7.5 fb1) 2.7/2.6
.- ZH->vvbb (7.8 fb) 2.9/2.3
| ZH>11bb (7.9 fo) 3.9/4.8
| WHSIvbb (8.5 for!) 3.5/4.6
DES 1 | zH>vvbb (8.4 1) 4.0/3.2
| ZH>11bb (8.6 fb) 4.8/4.9
@ WH->Ivbb (1.0 for1) ~25/20
ZH>1*bb (1.0 o) ~25/20
VH/VBF>jjbb (4.0 fbo!) 17.8/9.1
. ttH->l+jets (7.5 fb™) 11.722.9
ttH->jets (5.7 o) 20.2/28.1

04/09/2011

Tevatron, Corfu 2011, ASN

Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fo

= DN ..... éxpected :’ ' +16 éxpected A
(_Q == Observed | +2¢ Expected
-"é 10 S | ‘
— ~ Tevatron Exclusion ; /
J . - : ‘ g Ny AL
- P
o e
PR
Ty}
(=)}

1 SM=1

- July 17,2011

100 105 110 115 120 125 130 135 140 145 150

my, (GeV/c )
At 115-120 GeV
- Almost at 1xSM sensitivity
- No excess seen
At 130-140 GeV
- 2XxSM-3xSM sensitivity
- No excess seen

This channel is important as “Higgs reference
channel => to ensure the Higgs identity of
other Higgs like signal. 87
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2xCDF Preliminary Projection, m =160 GeV

2xCDF Preliminary Projection, m =115 GeV
§ — Summer2004 —— March 2000 5 —— Summer2005 —— December 2008
£ 10 ~—— Summer 2005 —— November 2009 = —— Summer 2006 —— November 2009
= —— Summer2007 —— July 2010 E — Summer2007 —— July 2010
—— January 2008 —— July 2011 : —— January2008 —— July 2011
% —— December 2008 || Projected Improvements 210 [ Projected Improvements
& @

4 6 8 10 12 414
Integrated Luminosity/Experiment (fb™)

0 2 4 6 8 10 12 14
Integrated Luminosity/Experiment (fb™')

Tevatron Higgs final word

(J CDF and DO will collect over 10 fb-1 data Sumrr;ary of Colllf!er SM Higgs Excgluslon_s

on track to reach 95% CL exclusion
O Sensitivity over entire m(H) range from

100-185 GeV/c2

O Best current sensitivity to bb Higgs

decay mode

O Overall Tevatron Higgs searches will be

completed by Spring 2012.

04/09/2011

LEP

FNAL

ATLAS

CMS

All

1 L L II A
100 150 200 250 300 350 400 450
M;; (GeV)
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2xCOF Preliminary Projection, m, =160 GeV 2XCDF Preliminary Projection, m,.=115 GeV

é l —— Summer2004 —— March 2009 5 —— Summer2005 —— December 2008
£10 — Summer2005 —— November 2009 e —— Summer 2006 —— November 2009
= - woor = Summer 2007 —— July 2010 E —— Summer 2007 —— July 2010
3 — —  July 2011 ;’ —— January 2008 —— July 2011
o _ Projected Improvements 210 [ Projected Improvements
§ 2

w

SM=1

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Integrated Luminosity/Experiment (fb™") Integrated Luminosity/Experiment (fb™)

Tevatron Higgs final word
 CDF and DO will collect over 10 fb-1 data Summary of Collider SM nggs EXC LSOnS
on track to reach 95% CL exclusion LEP ' 4’_ Preferred by Fit tO EWK data

O Sensitivity over entire m(H) range from
100-185 GeV/c2 m— FNAL

O Best current sensitivity to bb Higgs
decay mode

O Overall Tevatron Higgs searches will be
completed by Spring 2012.

ATLAS

CMS

All

100 200250 100 450
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BSM: What are we looking for ?

Tevatron looked for Courtesy Duperrin, EPS2011
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Tevatron exploration of BSIVI
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Remaining puzzles or hints to BSM from Tevatron?

]1 ???: will probably
Charle e .
Que reste t’il de nos amours...? not be confirmed
Luminosity significance My personal
(fb 1) opinion l
ZZ-> 4 leptons ~3 g Solved: no excess
t' > qW DO 53 2.50 2??
W + jj excess CDF 7.3 4.10 ?7?7?
bbb excess CDF 2.6 2.80 ?7?7?
— Dimuon asymmetry DO 9.0 3.90 ) ?
BOs—>p+u- CDF 7.0 30 ?? Soon
ttbar forward backward CDF 5.1 3.40
asymmetry ) ?
Br(t>Wb)/Br(t>Wq) DO 5.4 2.50 ?7?7?

N.B. We indicate in this Table the Tevatron experiment that has found some deviation wrt SM. It does
not mean that the other experiment didn’t perform or is performing the analysis too.
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o(pp— X— ZZ) (pb), 95% CL limit

-
(4] N
e — |

=
(3

SEARCH for HIGH MASS ZZ RESONANCES at CDF (6fb 1)

4I expected

-1(5

[]26 —

— 4| ot;served

i

- CDF Preliminary, L=6 fb'

800 400

600

800
M. (GeV/c?)

71000

Expected and observed 95% CL
{1 limits on o(pp > X = ZZ) from
1 the Z = I*I'I*l channel; the 4

events with M,,=327 GeV/c?
result in a deviation from the

expected limit
BUT:

= —

£ ) . R— vy expected
_

o Ll @ 1o i
§ i I:l 2—6

i — livv observed -
-9& : :

N 107

T

>

T

(=%

g’ CDFPeImtaryLSfb

10500 400 600 800 1000

M. (GeV/c?)

Analysis of pp = ZZ - [I+MET & pp = ZZ - lljj final states does not confirm a heavy resonance
decaying into a pair of Z bosons. 95% CL upper limits are set on the production cross section x
BR o(pp % X % ZZ) at O 26 pb and 0.28 pb for two 5|gnal models

()

.10‘

-—
FTTT ||

l:l 2-0

||jj expected

— lljj observed -

:/

—_
<

c(er X—» ZZ) (pb), 95% CL limit

CDF Prelimis 1ary L=6 fb"

400 600 800 1000
%‘)99201 M. (GeV/c?)
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“CDF Wjj excess”: one of the action-packed serials of this

summer

&O- |
> 200~ ot BlaswbeRERY 1 CDF SEES AN EXCESS INCREASING with
g s increasing statistics
> | WWeWZ (all bkg syst)| DO “mirrors” the analysis and does not see any
o such signal with 4.3fb-1
L
D s ~+— Data - Bkgd
% 3m: — Bkgd 1 s.4d,
O 250- I Diboson
= - - Gaussian (4 pb)
= S M, = 145 GeV/c’
) e . g 150
200 5 ks -
M, [GeV/c?] : P(x%) = 0.526
50:
: . +
ATLAS and CMS have performed this search oSO
h with 1fb-1 of data: n h a signal : o
each with 1fb-1 of data: not such a signal (yet) Dijet Mass [GeV/c’]
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SM Temolates + Gaussian

o~
-5“3 782181 <" CDFdata(7T3m" ]
© - ‘ —— Gaussian 2.3% |
o 1000 Bl WW+WZ 4.5%
®© B W+Jets 79.3%
B 5 Top 6.6%
< B Z+jets 2.6%
4 QCD 4.3%
w

eStatistical significance (no systematics) ,
including trial factor

e Shape systematics on:
e QCD, Jet Energy Scale
e W+jets renorm. scale
* The largest p-value is 1.9 * 10~
e significance of
e was 3.2s.d.in 4.3 fb!

* Measured cross-section 3.0 £ 0.7 pb

M, [GeV/c?] * cross-section model dependence

* use W+Higgs m,(150) acceptance * efficiency

Excess events
Excess/exp. WW+WZ

Gaussian mean
04/09/2011

158 +- 46 240 +- 55
42% +- 12% 47% +- 10%
147 +- 5 GeV (stat. only)
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Events/(8 GeV/c?)

SIVI Templates + Gaussian

r eStatistical significance (no systematics)
*oBgswbmaawy | including trial factor

Gaussan

wwenzaisg sty | @ Shape systematics on:

e QCD, Jet Energy Scale

g e W+jets renorm. scale

| e The largest p-value is
| ] e significance of

Hf'r ¥ e was 3.2s.d.in 4.3 fb?

I g * Measured cross-section 3.0 £ 0.7 pb
b ZOOM' [GeVic?] * cross-section model depended
* use W+Higgs m,(150) acceptance * efficiency

Excess events 158 +- 46 240 +- 55

Excess/exp. WW+WZ 42% +- 12% 47% +- 10%

Gaussian mean 147 +- 5 GeV (stat. only)
04/09/2011
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Events / (10 GeVic))

Events / (10 GeVicY)

[
I

1

E - a1 —+-Data
200 DO,4.5fb [ Gaussian (Fitted)
C (a) [ Diboson
000 B W+Jets
- 7+ Jets
SO0 [ Top
N CIMuluets
600 - — Gaussian (4 pb)
400
200}
00 ) ”.7‘17%67 j_i;,a o _"O
Dijet Mass [G2V/c?]
= 3 43 ] —4— Data - Bligd
o D2-43 0 Bked+ 154
= F (b) B Dibo-on
250 = [] Garssian (Fitted) -
- -—~ Grussian (4 pb)
200 B M= 145GeVie' |
150F
100E- P(y) = 0464
50k i -
O _. ) -..:‘l'i‘ 11 ; " -
:;:lx;m:ﬁx;l;:;‘l.‘.ll:lll"zl:;
0 30 100 150 200 250 300
Dijet Mass [GeV/cT]

<
On the other side of the Ring: DO
=> controversy

M, =145 GeVre or(pp — WX) = 0.8210%5 pb

v DO “mirrors what was done in the CDF analysis” =>

“No evidence for such an excess, ruling out a particle with

£
30 4,3 pb-1 atthe 4.1 o level” (EPS 2011)

v' CDF identifies some differences:

DO jets corrected for out-of-cone:

effective jet threshold lower

Double QCD contamination from low purity electrons
Fit procedure morphs Mjj to correct for systematics
Quantitative effect on Mjj templates not available

v DO excludes a 4pb signal at 4.3c level

Does not account for uncertainty on CDF number: O( 4pb)

The two results are about
20 apart. Need of clarification
on both sides.

0709720t

v’ Evaluated xsec using DO procedure:

3.1+ 0.8 pb (with 4.3fb-1 data)

== 3.0+0.7 pb (with 7.3 fb-1 data)
v To be compared with 0.82 + 0.83 pb

Tevatron, Corfu 2011, ASN 97

*



Entries

C |-

CDF Run |l Preliminary L, = 7.30 o

00 1 .- CDF Data |
B vz
B vi+jets
600l B cco Mult et
Bz
M Top
400}
200}

150 200

%
P, e GeVic

50 100
KS = 1.3 %, ¥/ndf= 67.6/ 19

Entries

| —e— COF Data
{ . WP WZ
300 . Vi pats ALPGEN
. DCD Muitjet
. Zeon
zm . Ton
100
ob— =
200 400 600

COF Run Il Preliminary L= 7.30 o'

KS = 91.6 %, x/ndf= 148.9/ 96 M(bv,jj) GeV/c?

F: More Tham Just Mjj

Entries

800}

400

CDF Wijj excess: as viewed by a young theoretician

Gordan Krnjaic
Johns Hopkins, FNAL)

CDF Aun || Proliminary L, = 7.30 b’

{ -- COF Data
I - WAWLWZ
. Wajats
B QCD Multijet
- Z+jots
W Tor

0 1 2 3
KS = 0.2 %, x"/ndl= 92.0/ 17

» Plots show large, consistent excesses in signal region where
115 GeV < Mjj < 175 GeV

» Sidebands consistent with SM predictions for all observables

M °8ignificance of Mjj bump Brows with'hdrder PT cuts
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DO Claims Null Result,

2 F = a8 = =
< 2000 ++-.+_ e < 2200 o
> L Ve lutn b4 - Velets
W 1800 L . W 2000 +++-_|_~ -
o + t+ e 1800F- it -
- 4= oco 1&!):— + + eco
14m:— 4 - = HAWmIES) x 300 = 4 — — rwWim 1a8) « 30
1200 400" " ++
3 1200 + L
1000F 1000 + +
800F | S ty
3 + 800~ =l *y
- = =y -
6001 600 ro in
= - -1 =1 o T
400~ + 400 + i = o
E - = i )
200 200 ! =
20 a0 80 100 120 140 160 180 © 20" a0 60 80 100 120 140 160 180
Dijet Mass no ALPGEN Jet or addl. Wpt rewgt Dijet Mass with ALPGEN Jet and addl. Wpt rewgt
unreweighted reweighted

DO Higgs search has similar feature near Mjj = 150 GeV
(S. Zelitch PhD thesis 2010)

~3 sigma above BG in *unreweigted* sample with 5.4/tb
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Comtroversy

» DO may also be seeing bump near ~150 GeV in Wjj (Zelitch thesis)
»Larger DO jet definition may veto signals with additional soft jets
> DO null result corrects out-of-cone radiation and vetoes 3+ jet events

> More high PT jets per event, more likely to veto signal
(Buckley et. al. hep-ph/1107.5799)

» How does DO signal change with different cuts?
» Will we see inclusive DO plots? Other kinematic plots?

Our strategy: Interpret CDF signal as new physics

Several other theoretical nice explanations also showing why this is not found (yet) at
LHC £To8mmittee at FNAL and waitand seeformore luminosity at LHC.... 100
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Challenging
final state not
accessible at LHC

Events/10 GeV
28S8E

35

0f
100~

Segrch forb a bb

resonan

b

b Y

g
SUSY Higgs
g

ANALYSIS: \
Cannot rely on MC to model
Multijet background
Data driven background
predictions

Y

o(pP—0+b,)xBR(9—>bb) (pb)

b

95% C.L. upper limits

. *
ce associated to b

-—==¢

b

—
-
o
L
-
-

2.80 @ M(bb)=150-68¥cted limit
Il 1oband
[ 2cband

CDF: 2.6 fb!

|

150 250

300 350

750
500
250

overflow

background expectations

ottt e . 2
3 | Fit of templates to data o m, (GeVie)
%0 00 0 = "’.‘;ﬁé’ev‘i‘“\ orovides normalization ./ 2 02‘ SEyn
_ a1
Best Fit (with signal template) o Expected
N . Expected +1 s.d.
G = | RESULTS: ) : = Etpec 234
8 750 W bex > CDF & DO => about2c |5 peerved
.“g'::g: e excess at 120-150 GeV.  |¢
3 1000 o coraem > Still compatible with §
@
o
o

150 200

dijetmass m,, (GeVrc?)

Tevatron, C

overa

250 300 350

» Work in progress on the
fu,2011, ASN
| data sample

200

250 300
114, [GeV]



Conclusions & Legacy

+*CDF & DO have produced a tremendous amount of important results in all topics:

QCD, B Physics (competing with B & charm factories) with some unique features (Bs), Top (scan

of all Top properties and beyond), EWB (W properties:Mass, helicity...), dibosons, large scan of

BSM models in a large parameter space.

**Pioneering searches with new ideas & improved tools (hardware & software)

*»Continuously upgrading/innovating (especially CDF: longuest-life expt.) and the MACHINE!
The electron cooling has saved Run Il at the Tevatron allowing dramatic increase in L&perf.

**Some major breakthrough or discoveries: in Bs Mixing & Bs-CPV, Bs in uy, Single Top,

unprecedented precision on Top and W mass.

| A number of analyses are still undergoing..

¢ A new era in HEP has started:
The LHC experiments and the LHC have
entered in the game at very high speed after
a long waiting time
VERY EXCITING TIME!
IMPORTANT TO SUCCEED THE OVERLAP:
Tevatron x LHC
And thus to conclude the analyses where the
Tevatron is still valuable or even unique.

Grande y FeI|C|5|ma Armada
Tevatron, Corfu 2011, ASN 103
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W detection at Tevatron

] : | On tape ~ 7.5 fb! /expt
—~ Event En => ~6 Mio W’s per expt

P

Momentum/Energy \

St & Hesokiting \ PF'U‘L]UL'IIHI] and
Decay Model

E;

W events:
- single charged lepton

- high py

- isolated
* missing E; from neutrino ‘ “Eéﬁ “

(W—uv or ev). - = Hadronic recoil
- pyY is inferred H | ” = | H “
I'rle(trk)l<3 2 Inu|<2

» Muons: central tracker + muon detectors Detailed understanding (~10MeV) of all
« Electrons: central tracker + calorimeter aspects of W is required.
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Charge asymmetry at LHC

LHC is symmetric = no forward-backward

But suppose that there is a charge asymmetry at parton level
(QCD predicts that tops are preferentially emitted in the direction of
incoming quark, BSM asymmetry can be positive or negative)

quarks carry more momenta than antiquarks

I 4 /7 _t ~-
! / : = Excess of tops
q ? 7 4 :_g (or antitops) in the forward
I » and backward regions
cms rest frame LAB frame m Top cross section is gg
t \ dominated, which is
! \\ symmetric; but gg can be
—Y— P — suppressed by selecting
q 41, YBE pairs with large invariant

' ' NERS
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[Kihn, GR,1998]

A (%)

500 1000 1500

Vs (GeV)
= The asymmetry increases with M, . because gluon fusion get supressed.

m Same effect for bottom production, but much more supressed by gluon
fusion: inclusive asymmetry almost vanishes
A=4.3%-5.1% for MbbaF3OO GeV |cos 8|<0.9 .

4 09/201}1 ) ] vatron, Corfu 2011, ASN
ery challenging experimentally



The asymmetry though the decay products

04/09/2011

[Godbole, Rao, Rindani,Singh / Jung, Ko, Lee/ Choudhury, Godbole,
Rindani, Saha/ Cao, Wu, Yang / Melnikov, Schulze / Bernreuther, Si/
Krohn, Liu, Shelton, Wang / Bai, Han/ Baumgart, Tweedie]

m Direction of the lepton (antilepton) correlated with the
direction of the top quark (antitop quark), particularly for
very boosted tops: asymmetry partially washed out

= The top quark decays before hadronizing:

polarizations (angular distribution of the lepton wrt the
parent top) and spin correlations will be altered by BSM

Tevatron, Corfu 2011, ASN
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