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motivation: non-conformal gauge-gravity duality

standard AdS / CFT

[Maldacena, 1998] |

N=4 SYM <—m— AdS; X S°

gauge invariant operators

lowest BPS multiplet = «————> maximal supergravity in D=5
[GUnaydin, Romans, Warner, 1984 ]
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motivation: non-conformal gauge-gravity duality

standard AdS / CFT

[Maldacena, 1998] |

N=4 SYM <—m— AdS; X S°

gauge invariant operators

lowest BPS multiplet = «————> maximal supergravity in D=5
[GUnaydin, Romans, Warner, 1984 ]

genera lizes to non-conformal D p branes Itzhaki, Maldacena, Sonnenschein, Yankielowicz, 1998]
. 'Boonstra, Skenderis, Townsend, 1999]
domain wall / QFT correspondence Kanitscheider, Skenderis, Taylor, 2008]
maximal SYM <————> dW, | X So-p

in p 4+ 1 dimensions
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plan: IKKT and a holographic dual

IKKT matrix model

? D=0 SYM
? multiplets of gauge invariant operators

D(-1) instanton background

2 consistent truncation of Euclidean IIB on S°
? “D=1 maximal supergravity”

BPS solutions

? general 1/2 BPS solution
? IIB and D=12 uplift
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IKKT matrix model
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IKKT matrix model [Ishibashi, Kawai, Kitazawa, Tsuchiya, 1996]

SYM reduced to D=0 dimensions (global SO(10), global SU(N) symmetry)

Sikkr = = Tr | ~[X,, X, [X%, X"] — S94BT) X, V] |

with SUWN) matrices X¢ : vector in D=10 a=1,..,10
P . spinorin D=10 a=1,..32

I
Euclidean: 10, 16, of SO(10), complex chiral spinors (I.¥)*=¥%* — Y%= (\P>
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IKKT matrix model [Ishibashi, Kawai, Kitazawa, Tsuchiya, 1996]

SYM reduced to D=0 dimensions (global SO(10), global SU(N) symmetry)

Sikkr = = Tr | ~[X,, X, [X%, X"] — S94BT) X, V] |

with SUWN) matrices X¢ : vector in D=10 a=1,..,10
P . spinorin D=10 a=1,..32

I
Euclidean: 10, 16, of SO(10), complex chiral spinors (I.¥)*=¥%* — Y%= (%)

a 1 aon\a
supersymmetry  6.X“ = €* (61,3 ¥ 0. Y = (I ") el X, X, )
algebra [561,562] = 5/1SU(N) (no translations)

Henning Samtleben ENS de Lyon
[




IKKT matrix model gauge invariant operators

‘gauge’ invariant single trace operators

6 =Tr|® ... D, ®, e { X9, 9"}

spectrum: cyclic words in the alphabet {X“, lPO‘} “minus field equations” (Polya counting)
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IKKT matrix model gauge invariant operators

‘gauge’ invariant single trace operators

6 =Tr|® ... D, ®, e { X9, 9"}

spectrum: cyclic words in the alphabet {X”, lPO‘} “minus field equations” (Polya counting)

forbidden by trace

2-letters : T H/— minus quadratic field equations 1™ [‘P, Xa] =0
Tr(OO0)

i - [ ] _
3-letters ; T % _ minus cubic field equations [Xb, [ X, Xb]]+%{‘1’, [“Y} =0
Tr(OOO0)

organizes in supermultiplets

(on gauge-invariant operators, supersymmetry is nilpotent!) [561, 6, ] — 5/{9U(N)

Henning Samtleben ENS de Lyon
[




IKKT matrix model: gauge invariant operators

0
spectrum: Z1KKT = ZLiong D ZBPSn [Morales, HS, 2005]
n=2
with an infinite tower of BPS multiplets BPS, 7,0000], & [1=1.0001],,4 & [1=2.0100],..; & [1-3,1010],,,3 ® [1n—3,0020],,,

@ [n—4,2000],,,, D [n—4,1010]n+% @ [n—4,0100],,; [n—4,0001]n+% @ [n—4,0000],. 4
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IKKT matrix model: gauge invariant operators

0
spectrum: Z1KKT = ZLiong D ZBPSn [Morales, HS, 2005]
n=2
with an infinite tower of BPS multiplets BPS, 7,0000], & [1=1.0001],,4 & [1=2.0100],..; & [1-3,1010],,,3 ® [1n—3,0020],,,

@ [n—4,2000],,,, D [n—4,1010]n+% @ [n—4,0100],,; [n—4,0001]n+% @ [n—4,0000],. 4

with the lowest member (~ “sugra multiplet” )

® 144, 5
® 120,
SE SI
o) 16+%
(L
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IKKT matrix model: gauge invariant operators

0
spectrum: Z1KKT = ZLiong D ZBPSn [Morales, HS, 2005]
n=2
with an infinite tower of BPS multiplets BPS, 7,0000], & [1=1.0001],,4 & [1=2.0100],..; & [1-3,1010],,,3 ® [1n—3,0020],,,

@ [n—4,2000],,,, D [n—4,1010]n+% @ [n—4,0100],,; [n—4,0001]n+% @ [n—4,0000],. 4

with the lowest member (~ “sugra multiplet” )

BPSZ = 54_|_2 (0% — Tr[X((aXb))]
®144.4 Ot = Tr| X“¥7 | — trace #bos = 54 + 120 — 45 = 129
abc __ lavbvyc] 2
D 120, O = Tr| X“X"XI| + ferm # ferm = 144 — 16 = 128
o045, — SO(10)
e 16+2 — Susy all BPSh: #bos = #ferm + 1
2
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IKKT matrix model: gauge invariant operators

0
spectrum: Z1KKT = ZLiong D ZBPSn [Morales, HS, 2005]
n=2
with an infinite tower of BPS multiplets BPS, 7,0000], & [1=1.0001],,4 & [1=2.0100],..; & [1-3,1010],,,3 ® [1n—3,0020],,,

@ [n—4,2000],,,, D [n—4,1010]n+% @ [n—4,0100],,; [n—4,0001]n+% @ [n—4,0000],. 4

with the lowest member (~ “sugra multiplet” )

BPS, = 54, 6" = Tr| XX |
D 144, O = Tr| X“W*| — race #bos = 54 + 120 — 45 = 129
abc __ aybvyc 2
® 120, 0% = Tr| X19X°X| + ferm #ferm = 144 — 16 = 128
o045, — SO(10)
o 16+2 — susy all BPSn: #bos=#ferm+1
2

on the dual gravity side:

—p  the BPS tower ZBPSn should be realized as IIB supergravity KK fluctuations
n=2
—> the lowest BPS multiplet BPS, should be realized as a "D=1 maximal supergravity”
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IIB supergravity
and consistent truncation on S°
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IIB supergravity Kaluza-Klein spectrum

dual gravity side: S compactification of (Euclidean) IIB

Kaluza-Klein spectrum [Salam, Strathdee, 1981]
organizes into representations of the SO(10) isometry group

| | SO(10)
harmonic analysis on —3»  group theory exercise
SO(9)
o0
KK spectrum of fluctuations around S° : Z suora = Z BPS,  [Morales, HS, 2005]
—_— - ) o0
linear " c.f. IKKT spectrum £, © Y BPS,
n=2
2.
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IIB supergravity Kaluza-Klein spectrum

dual gravity side: S compactification of (Euclidean) IIB

Kaluza-Klein spectrum [Salam, Strathdee, 1981]
organizes into representations of the SO(10) isometry group

| | SO(10)
harmonic analysis on —3»  group theory exercise
SOY)
o0
KK spectrum of fluctuations around S~ : Z sugra = Z BPS,  [Morales, HS, 2008]
Tl h = >
linear " c.f. IKKT spectrum  Z,,, D ZBPSn

n=2

full non-linear embedding of the lowest BPS multiplet BPS, as “"D=1 maximal supergravity” ?

—3  consistent sphere truncations to D=1 ?

{l@
Henning Samtleben ENS de Lyon

ENS de LYON




IIB supergravity consistent truncations

consistent sphere truncations to D=1: Einstein-dilaton-axion on §°  p'u'=1, i=1,..,10

L9 = R — %8MCI>6MCI> + %engdM)(dM)( subsector of Euclidean IIB

D(-1) instanton background

dSle = dt* + 12 dQ2 ¥y = e g8 18 ‘Gibbons, Green, Perry, 1996]
'Ooguri, Skenderis, 1998]
Bergshoeff, Behrndt, 1998]

flat metric (in Einstein frame)
half supersymmetric
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IIB supergravity consistent truncations

consistent sphere truncations to D=1: Einstein-dilaton-axion on S =1, i=1,...,10
_ 1 M ) M -
P10 = R — 50,®"® + Ze*?0y,70"y subsector of Euclidean IIB
reduction ansatz inspired by [Cvetic, Lu, Pope, 2000] [Ciceri, HS, 2023]
dsc% = Y9/40Ad512 + g_z y 1/(40) T‘ 9/4 @,u Du' = du' + gAY
— ik Jjk
_ y110 o1 DT, =dT; + gA" T;; + gA" Ty,
A = T ,u,uf
1/5 —1 ~1 k
dy=—8Y " " Uw — T (*2T k)ﬂ QZ,M U=2TTk,u,u—Tl-l-A
_ SL(10) B
D=1 scalars I;; € SO(10) | I;=T;, detT; =1
D=1 vectors A€ 80(l10):  A;=—-A;
consistent truncation: field equations reduce to D=1 field equations y
[/
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IIB supergravity consistent truncations

consistent sphere truncations to D=1: Einstein-dilaton-axion on S°  p'u'=1, i=1,...,10

L9 = R — %0MCI)6MCI> + %ew&M}(dM)( subsector of Euclidean IIB

D=1 Lagrangian

L = l—éoe‘lY‘zY2 e DT DTy — S eg? Y (2T, T, - T )

typical spheAre potential
D=1 einbein and dilaton e, Y

54 D=1 scalars T,; € SL(10)/SO(10):  T;=T;, detT, =1
45 D=1 vectors A; € 80(10): A;=—A,
2
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IIB supergravity consistent truncations

consistent sphere truncations to D=1: Einstein-dilaton-axion on S°  p'u'=1, i=1,...,10

L9 = R — %0MCI)6MCI> + %ew&M}(dM)( subsector of Euclidean IIB

D=1 Lagrangian

L = l—éoe‘lY‘zY2 e DT DTy — S eg? Y (2T, T, - T )

typical spheAre potential
D=1 einbein and dilaton e, Y

54 D=1 scalars T,; € SL(10)/SO(10):  T;=T;, detT, =1
45 D=1 vectors A; € 80(10): A;=—A,
not yet the full answer: BPS, = 54,, ®144,; ©120,; 045, ©16,

—>  for the full multiplet, we need 120 scalars and the fermions
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D=1 maximal supergravity
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D=1 maximal supergravity (32 supercharges)

1 D=1 einbein and dilaton e,Y 16 dilatino A%
45 D=1 vectors A; € 30(10) 16 gravitino y*
54 D=1scalars T,;=7/7" € SL(10) /SO(10)

120 D=1 axions ik

144 matter fermions %

D=1 Lagrangian (to quadratic order in fermions)

L= —e 'Y+ 27 DTIDT; — = 7' Y Day, Day,,, T"T'T" + =7 D4 — 27T 4, Dy
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D=1 maximal supergravity (32 supercharges)

1 D=1 einbein and dilaton e.,Y 16 dilatino A¢
45 D=1 vectors A; € 30(10) 16 gravitino y*
54 D=1 scalars Iy =77 € SL(IO)/SO(IO) 144 matter fermions  y““

120 D=1 axions Aiik

D=1 Lagrangian (to quadratic order in fermions)

L = = 'YWV + 2 DTIDT; — =7 Y Day, Day,,, T"T'T + 1D — 27T, D, "

160 4 12
1 -1 Y - -1 - 1b .,,acgpab 1 —1 y—1/405a 1bc 1 —1 yv—1/40 7 y7abc 1 —1/40 y yabc 1 —1/40-c y7ab 1 —1/40 za 7bcd ,,a —1/40 zavb ,,c
N h —%6 ?WF*/I-FZQ V/F)(g’ _Ee Y X I wpabc_%e Y AL F*wpabc_@y AL ﬂpabc_gl__OY X I F*Apabc_EY X I X pbcd_Y X F)( Pabc
oether
_i g Y3/40 /Tl-*abc wBabc _ 1 g Y1/20 [Fabcd WBade _ 7 ge Y3/40 [Fabc A Babc _ 9 ge Y1/20 /Tl—*abcd A Babcd + l g Y3/40)?a Fbc F*W (3 Babc —4 Ca,bC) _ l g YI/ZO)Zd Fabc F*WBade
80 160 1600 12800 6 2
& Yukawa ) 1 1 1 1 :
_|_E ge Y3/40)?a Fbc A (3 Babc —4 Ca,bc:) _ 2_0 ge Yl/ZO)?d Fabc A Babcd _ Z ge Y3/40)?a Fbcd F*)(a Bbcd + 1_6 ge YI/ZOZa Fbcde F*)(a Bbcde + E ge Y3/40)Za Fb F*)(C (3 Babc —4 Cb,aC) _ 5 ge YI/ZO)Za Fbc F*)(d Bbcde
r
{Ié
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D=1 maximal supergravity (32 supercharges)

1 D=1 einbein and dilaton e.,Y 16 dilatino A¢
45 D=1 vectors A; € 30(10) 16 gravitino y*
54 D=1 scalars Iy =77 € SL(IO)/SO(IO) 144 matter fermions  y““

120 D=1 axions Aiik

D=1 Lagrangian (to quadratic order in fermions)

L= —e 'Y+ 27 DTIDT; — = 7' Y Day, Day,,, T"T'T" + =7 D4 — 27T 4, Dy

1 Y | | _ 1 1
el WF A+2e” Wrb ag;ab o —1 Y—1/4O)?a Fbc WPy — —— e—l Y_1/40/1 Fabc F*W Pube — Y_1/40/1 abc ﬂpabc Y_1/4O)?C Fabr* /’Lpabc o Y_1/40)Za l—*bcd)(a Phed — Y—1/4O)?a l—*b)(c Pube
Noether 80 Y 2 240 1600 40 12
3 _ 1 _ 7 _ 9 1 1
—3g Y3/40 y) Fabc wBabc ——g Y1/20 Yl Fabcd WBade _ ge Y3/40 Yl Fabc A Babc —ge Y1/20 y) Fabcd A Babcd +—g Y3/40)(a Fbc T Ay (3 Babc 4 C% bC) —g YI/ZO)Zd Fabc F*WBade
& YU I «awa 0 160 1600 12800 6 2
| 1 | 1 1 3
_|_E ge Y3/40)?a Fbc A (3 Babc —4 Ca,bc:) _ 2_0 ge Yl/ZO)?d Fabc A Babcd _ Z ge Y3/40)?a Fbcd F*)(a Bbcd + 1_6 ge YI/ZOZa Fbcde F*)(a Bbcde + E ge Y3/40)Za Fb F*)(C (3 Babc —4 Cb,aC) _ 5 ge YI/ZO)Za Fbc F*)(d Bbcde
L .2 yl/5 2 3/20 k 4
—— L — — P imyn
> eg Y U (2T,T; — (T) eg’Y 2a,a;,, T — aya,,, T T"T, | + O(a”)
typical sphere potential typical axion potential
'0@
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D=1 maximal supergravity (32 supercharges)

D=1 Lagrangian (to quadratic order in fermions)

L= = 'Y+ 27 DTIDT; — =7 Y Day, Day,,, T"T'T + 7D — 27°T 4, Dy

1 Y 1 1 _ 1 1
e T A+ 2e Fb a@ab _ —1 Y—1/4O—a Fbc _ e—l Y_1/40/1 Fabc . Y_1/40/1 abc A Y—1/40—c Fabr* A o Y—1/4O =a rbcd a _ Y—1/4O =da Fb c

S0 Y l/j W 2 X ¥ Pabc 240 Y Pabe — 1600 Pabe — 40 X Pabc 12 X X Pbed X X Pabe
3 _ 1 _ 7 _ 9 1 1
__O g Y3/4O A r‘abc l//Babc . 0 g Y1/20 Yl Fabcd l//Bade . 200 ge Y3/40 y) Fabc A Babc 5300 —ge Y1/20 A Fabcd . Babcd 4+ — 7 g Y3/4O)(a Fbc T Ay (3 Babc 4 C% bC) : —g Yl/ZO)?d Fabc F*l//Bade

1 1 1 1 1 3
_i_% ge Y3/4O)?a Fbc A (3 Babc —4 Ca,bC) . 2_0 ge Ylle)Zd Fabc A Babcd . Z ge Y3/40)?a Fbcd F*)(a Bbcd + 1_6 ge Yl/ZO)Za Fbcde F*)(a Bbcde + g ge Y3/40)Za Fb F*)(C (3 Babc —4 Cb,aC) . 5 ge Yl/ZO)?a Fbc F*)(d Bbcde

1 mrjn
—Seg Y'? (2 Iyl — (1 )2> T eg? V% <2a a;, TP — aza,,, T T Tkp> + O(a*)

susy variation —> Killing spinor equations

€

oy =9, e + —Y‘MOF L epiC + %geYMOF [.e B — —geYl/ZOFabch* Babed %ge?fﬂe

Y
54=—e Tie + ~e~ Y74OT

& pe |
2Y 2 L +€p® + S g YHOT e B 4+ — g YVOT

€BYY 4 40T ¢

abc

. - / / bed _ bjcy ckey dl
etc with Yukawa tensors B =7, 7"V ay,,  BYC=VIVIVIVY aypiau,
’llé
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D=1 maximal supergravity (32 supercharges)

L = = Y 4 27 DTID T, - — e YO Day Day,, T"TT + 7D — 27T, D,y

1 Y 1 1 1
——e =g TA+2e LIl yogpab — —e=ly=1A0parbe yy py o ——— e ly=180) b Ty — ——y =130 b g pp . —

1 _ | PP _
20 % 7 240 1600 Y_1/40)(C ratr, ADype — E Y 1/40)(61 Fbcd)(a Poea— Y 1/40)(a Fb%c Dube

40

_83_0 g Y3/4O/1_ Fabchabc _ léo g Yl/ZO/TFabcdl//Babcd _ 16700 ge Y3/40/1 l-*a ¢ T Bab 12200 ge Y1/20/1 e abcd .4 B¢ abcd + é g Y3/40)( Fb r Y (3B abc _ 4C ) ; g YI/ZO)?d Fabc F;kaabcd

+% ge Y3/40)?a Fbc A (3 Babc —4 Ca,bC) _ % ge Y1/20)?d Fabc A Babcd _ % ge Y3/40)( Fb cd F*)( Bbcd + 1_16 ge YI/ZOZa Fbcde F*)(a Bbcde + % ge Y3/40)Za Fb F*)(c (3 Babc —4 Cb,aC) _ % ge YI/ZO)?a Fbc F*)(d Bbcde

——eg?y!h (2 T,T,— (T, )2) — eg” Y'¥ <2a a;, T'? — a, T’mTJ”’Tkp> + O(a®)

Uk mnp

“ground state” SO(10) invariant solution

no SO(10) invariant solution with constant dilaton —> dW, X S?

solution Tl] = 5l], A =0, iy, = 0, Y= e= g‘lt‘9
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D=1 maximal supergravity (32 supercharges)

L= —e 'Y+ 27 DTIDT; — = ' Y Day, Day,,, T"T'T" + =7 D4 — 27T 4y, Dy

1 Y 1 1 1
——e =g TA+2e LIl yogpab — —e=ly=1A0parbe yy py o ——— e ly=180) b Ty — ——y =130 b g pp . —

1 _ | PP
30 % 2 220 1600 Y—1/40)(C l“abl"* /1]9 b — E Y 1/40)(61 I—‘bcd)(a Poed — Y 1/40)(a Fb)(c Pabe

40

830 g Y3/4O/1 Fabchabc _ léo g Yl/ZO/TFabcdl//Babcd _ 16700 ge Y3/40/1 l-*a ¢ T Bab 12200 ge Y1/20/1 e abcd .\ B¢ abcd + é g Y3/40)( Fb r Y (3B abc _ 4C ) ; g YI/ZO)?d Fabc F;kaabcd

+% ge Y3/40)?a Fbc A (3 Babc —4 Ca,bC) _ % ge Y1/20)?d Fabc A Babcd _ % ge Y3/40)( Fb cd F*)( Bbcd + 1_16 ge YI/ZO)ZCZ Fbcde F*)(a Bbcde + % ge Y3/40)Za Fb F*)(c (3 Babc —4 Cb,aC) _ % ge YI/ZO)?a Fbc F*)(d Bbcde

| —
) eg” Y (2 11 — (1, )2) 7 €8 2y>? (2 al]kalJkap — Qi yy T T Tkp> + O(a®)

“ground state” SO(10) invariant solution

no SO(10) invariant solution with constant dilaton —> dW, X S?

solution Tl] = 5U, A =0, iy, = 0, Y= e= g‘lt‘9

uplift to IIB  dsj, =dr* +1°dQ5, y=e P =g%¢"

D(-1) instanton background  Gibbons, Green, Perry, 1996]
'Ooguri, Skenderis, 1998]
half supersymmetric in D=1 and D=10 ‘Bergshoeff, Behrndt, 1998]

further uplift to 12D pp-wave [Tseytlin, 1996]
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BPS solutions, assume vanishing axions a;; =0

gauge fixing: T = §;e? after T —> STST
e =1 after diffeomorphisms

in this gauge, field equations imply A, =0 and with Y = e %o

— = - B, = — e <2 020 _ Z e§0i+¢k) 20 (o) — 5 Z (@) = —e?? (2 Z 020k _ <Z e%)z)
k k :

k

{l@
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BPS solutions, assume vanishing axions a;; =0

gauge fixing: T = §;e? after T —> STST
e =1 after diffeomorphisms

in this gauge, field equations imply A, =0 and with Y = e %o

1 1
m Po — = §. = — e <2 020 _ 2 e§0i+¢k) il (¢0)2 __ Z (@)% = — e (2 Z 20 _ <Z e%) >
k

Killing spinor equations

Y 1 1
O=5€w:9t€—%gegr*€ O:5€ﬂ=58_1F*6+4g5’76 O=5€)(“=Ee_1l“b€9’“b—Eg%brbr*e
I/

imposes chiral spinor (I'.e)* =€ — ¢€%= (%) solutions preserve half or no supersymmetry

: - L +,/10

in the above gauge: ¢; 20 Py = 2P

2.
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BPS solutions, assume vanishing axions a;; =0

gauge fixing: T = §;e? after T —> STST
e =1 after diffeomorphisms

in this gauge, field equations imply A, =0 and with Y = e %o

1 1
m Po — = §. = — e <2 020 _ 2 e§0i+¢k) il (¢0)2 __ Z (@)% = — e (2 Z 20 _ (Z e%) >
k

Killing spinor equations

Y 1 1
O=5€w:9t€—%gegr*€ O:5€A=Ee_lr*€+4g5’7€ O=5€)(“=Ee_1l“b€9’“b—ng’/‘;lbl“bl"*e
1

imposes chiral spinor (I'.e)* =€ — ¢€%= (%) solutions preserve half or no supersymmetry

- - I +,/10

in the above gauge: ¢, 20 Py = 2 e%m%

. . | = — 2%
explicit solution: ehi = pPi— 940 —
U — C 10 real constants c;
2.
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general 1/2-BPS solutions

1 | = — 2 eP/s
explicit solution: el = i/ — . zett
U—c 10 real constants c;
- . > _L(ii b\ g2 i 70—, pwp'=1, i=1,.,10
uplift to IIB: dsjig = 7 (,u p'e l) du”+du'du' e
Y = e_q) — (ﬂiﬂie¢i) He—¢k/2
k

the metric is still flat!

» for c¢,=C, itreduces to the SO(10) invariant D(-1) instanton
 for generic ¢;=C, SO(10) is completely broken

further uplift to D=12: dst, = — e=%dr? + e®(dy — e® dr) >+ (u'u'e?) du’ + du'dy’ e~
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conclusions / outlook

new maximal D=1 supergravity with 32 (complex) supercharges
consistent truncation from Euclidean IIB on S°

matches the lowest BPS multiplet of IKKT operators

Y V V V

general 1/2-BPS solution and uplift to IIB

A\

framework for holographic correlation functions

¥

holography for IKKT and deformations thereof
polarised IKKT [Hartnoll, Liu, 2024] [Komatsu, Martina, Penedones, Vuignier, Zhao, 2024 ]

relation to D(_]_)/D7 holog raphy and AdSi x St [Aguilar-Gutierrez, Parmentier, Van Riet, 2022 ]
Euclidean vs Lorentzian versions [Chou, Nishimura, Tripathi, 2025]

E10 in D=1 supergravity ..?
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flat space holography ..?
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