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MOTIVATION: USING INTEGRABILITY
FAREMBO2' Belstration ...

(40)

· BIG QUESTION : EXACT CONTROL OVER QFTS AT ANY COUPLING

· GOOD TRACK RECORD : INTEGRABLE MODELS

-> IN 2 DIMENSIONS : FANTASTIC RESULTS LEXACT MASS GAP: HASENFRATE
,
MAGGIORE , NIEDERMAYER 'gOS]

-> BEYOND ID ? IN AdS/CFT CONTEXT ONLY 240 CITATIONS...

AdSICFT
GRAVITATING &

KoviCH-MAsLYUK
,

[ - DUAL
..

PFT IN HIGHER D MEIER123]
TARGET SPACE

2D INTEGRABLE QFT : WORLDSHEET INTEGRABLE STRUCTURES : SPIN CHAIN

SIBYLLE DRIEZEN 3
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MOTIVATION: USING INTEGRABILITY
(40)

· BIG QUESTION : EXACT CONTROL OVER QFTS AT ANY COUPLING

· GOOD TRACK RECORD : INTEGRABLE MODELS

-> IN 2 DIMENSIONS : FANTASTIC RESULTS LEXACT MASS GAP: HASENFRATE
,
MAGGIORE , NIEDERMAYER 'gOS]

-> BEYOND ID ? IN AdS/CFT CONTEXT ONLY 240 CITATIONS...

ADS
, /CFTY At LARGE N : LEXACT PLANAR SPECTRUM OF A YDQFT : A LOT OF PEOPLE 100-

... ]

Adssxs N= 4 SYM
-

/

&strina
=) Traffor : Far

#
↑Sr(2, 2/4) SPIN CHAIN& MrKoviCH-MAsLYUK,

I
↑&

HIGHLY SYMMETRIC : PSU12,214) /CFT, MAX . SUSY) + INTEGRABILITY (YANGIAN)
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MOTIVATION: USING INTEGRABILITY
(40)

· BIG QUESTION : EXACT CONTROL OVER QFTS AT ANY COUPLING

· GOOD TRACK RECORD : INTEGRABLE MODELS

-> IN 2 DIMENSIONS : FANTASTIC RESULTS LEXACT MASS GAP: HASENFRATE
,
MAGGIORE , NIEDERMAYER 'gOS]

-> BEYOND ID ? IN AdS/CFT CONTEXT ONLY 240 CITATIONS...

ADS
, /CFTY At LARGE N : LEXACT PLANAR SPECTRUM OF A YDQFT : A LOT OF PEOPLE 100-

... ]

Adssxs N= 4 SYM
-

/

&strina
=) Traffor : Far

#
↑Sr(2, 2/4) SPIN CHAIN& MrKoviCH-MAsLYUK,

I
↑&

HIGHLY SYMMETRIC : PSU12,214) /CFT, MAX . SUSY) + INTEGRABILITY (YANGIAN)

=> DEFORM THIS STORY ? DIFFERENT SOLUABLE STRUCTURES ? WHAT DO WE LEARN?
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DEFORM AdSICFT AND USE INTEGRABILITY
(40)

· SIMPLE ALGEBRAIC REALISATION OF DEFORMED SPIN CHAINS :

"DRINFEL'D TWIST" OF THE INTEGRABLE (HOPF) FRAMEWORK [DRINFEL'D 180's]

D - AT = FAF & R- RE = FOPRF
+

· CONJECTURED [VAN TONGEREN I5] TO DEFORM STRING WORLDSMEET AS A
↑

"HOMOGENEOUS YANG-BAXTER DEFORMATION" [KLIMCIK 102
, '08]

Adssxs N= 4 SYM

*strina -
=) Traffor : Far

T#
PSr(2, 2/4) SPIN CHAIN

Y
KoviCH-MAsLYUK

,I I MEIER123]

↑&

SIBYLLE DRIEZEN 2
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DEFORM AdSICFT AND USE INTEGRABILITY
(40)

· SIMPLE ALGEBRAIC REALISATION OF DEFORMED SPIN CHAINS :

"DRINFEL'D TWIST" OF THE INTEGRABLE (HOPF) FRAMEWORK [DRINFEL'D 180's]

D - AT = FAF & R- RE = FOPRF
+

· CONJECTURED [VAN TONGEREN I5] TO DEFORM STRING WORLDSMEET AS A
↑

"HOMOGENEOUS YANG-BAXTER DEFORMATION" [KLIMCIK 102
, '08]

AdSexs 6 N= 4 SYM

↳
·

=) Tr(Far*Far
&STRING

-

T #
↑Sr(2,2/4) SPIN CHAIN

& TWIST-NON-COMMUTATIVE

FIELD PRODUCTS

HYB DEFORMATIONS I I
KoviCH-MAsLYUK

,&[KLIMCIK'O2- FROLOU'O5 - DELDUC,
MAGRO

,

i
[BEISERT

,
ROIBAN OF - GUICA ,

MEIER123]

VICEDO 13 - BORSATO
,

SD
,

MIRAMONTES'21] ↑ LEVKoviCH-MAsLYUK
,
ZAREMBo' 17

VAN TONGEREN, MEIER123]
I

DRINFELD-TWIST

=> FOR THE "JORDANIAN" SUBCLASS IT WILL FORCE US TO RETHINK WHAT AdSICFT

INTEGRABILITY MEANS & HOW TO REORGANISE ITS PHYSICS

SIBYLLE DRIEZEN 2
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DEFORM AdSICFT AND USE INTEGRABILITY
(40)

· SIMPLE ALGEBRAIC REALISATION OF DEFORMED SPIN CHAINS :

"DRINFEL'D TWIST" OF THE INTEGRABLE (HOPF) FRAMEWORK [DRINFEL'D 180's]

D - AT = FAF & R- RE = FOPRF
+

· CONJECTURED [VAN TONGEREN I5] TO DEFORM STRING WORLDSMEET AS A
↑

"HOMOGENEOUS YANG-BAXTER DEFORMATION" [KLIMCIK 102
, '08]

AdSexs 6 N= 4 SYM

↳
·

=) Tr(Far*Far
&STRING

-

T #
↑Sr(2,2/4) SPIN CHAIN

& TWIST-NON-COMMUTATIVE

FIELD PRODUCTS

HYB DEFORMATIONS I MEIER123]
[KLIMCIK'O2- FROLOU'O5 - DELDUC,

MAGRO
, ⑫ [BEISERT

,
ROIBAN OF - GUICA ,

KoviCH-MAsLYUK
,

VICEDO 13 - BORSATO
,

SD
,

MIRAMONTES'21] LEVKoviCH-MAsLYUK
,
ZAREMBo' 17

'
-

VAN TONGEREN, MEIER123]
I

DRINFELD-TWIST

=> FOR THE "JORDANIAN" SUBCLASS IT WILL FORCE US TO RETHINK WHAT AdSICFT

INTEGRABILITY MEANS & HOW TO REORGANISE ITS PHYSICS



-

-
ZAREMBO2' BEIStRT'03 ...]

DEFORM ADSICFT AND USE INTEGRABILITY
(40)

AdSexs 6 N= 4 SYM

↳
·

=) Tr(Far* Fmy
&STRING

-

T #
↑Sr(2,2/4) SPIN CHAIN

& TWIST-NON-COMMUTATIVE

FIELD PRODUCTS

"R-MATRIX"DEFORMATIONS I
[KLIMCIK'O2- FROLOU'O5 - DELDUC,

MAGRO
, &a [BEISERT

,
ROIBAN OF - GUICA,

VICEDO 13 - BORSATO
,

SD
,
MIRAMONTES'21] ↑

I

LEVKoviCH-MAsLYUK
,
ZAREMBo' 17

I

-

VAN TONGEREN,MEIER123]
I

DRINFELD-TWIST

THIS TALK KoviCH-MAsLYUK
,

MEIER123]

=> FOR THE "JORDANIAN" SUBCLASS IT WILL FORCE USE TO RETHINK WHAT AdSICFT

INTEGRABILITY MEANS & HOW TO REORGANISE ITS PHYSICS



-> STRING WORLDSHEET : LAX US .
S-MATRIX

-> 2412 .
08411

->SPIN CHAIN : SPECTRUM FROM BAXTER

2507 . 13911
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-TANG-BAXTERWORLDSHEET MODELS
(40)

DEF : INTEGRABLE DEFORMATIONS OF 2D SIGMA-MODELS WITH ISOMETRIES G

-> STRINGS IN ADS5 XS5 : G = PSU(2
, 214)

S[g]= (dx/+P)Tr(jP(1 - yRgP)+jp)

· FIELDs g : [eG ; g(XM) w
. M = 1

, . .

., DIMIG) ; ja = gdag

· DEFORMATION PARAMETER Y & OPERATOR R : g-> & SATISFYING

* [RX , RyJ = R([RX
,
Y] - [x

,RY]) : xyeS (LYBE)

&
INTEGRABLE
[LIMCIK 108 : DELDUC, MAGRO,

*T
= - R CANTISYMMETRIC) VICEDO 13]

* RABFAB" = O IUNIMODULAR)
HB SUPERGRAVITY KoviCH-MAsLYUK

,

[BORSATO
,

WULFE 116] MEIER123]

SIBYLLE DRIEZEN 3
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ANGBAXERWORLDSEMODELShis
(40)

-> STRINGS IN ADS5 XS5 : G = PSU(2
, 214)

S[g]=-(dx/P-P)Tr(jP(1 - yRgP)+jp)

· FIELDs g : [eG ; g(XM) w
. M = 1

, . .

., DIMIG) ; ja = gdag

· DEFORMATION PARAMETER Y & OPERATOR R : g-> & SATISFYING

* [RX , RyJ = R([RX
,
Y] - [x

,RY]) : x,Ye & (CYBE)

&
INTEGRABLE
[LIMCIK 108 : DELDUC, MAGRO,

*T
= - R CANTISYMMETRIC) VICEDO 13]

* RABFAB" = O IUNIMODULAR)
HB SUPERGRAVITY
[BORSATO

,
WULFE 116]

KoviCH-MAsLYUK
,

MEIER123]
CORRESPOND TO DRINFEL'D TWISTS F CONNECTED TO THE IDENTITY

F = 1)0M + 1 + O(S) IDE() =FA(X)F ... ) (DRINTEL'D 183]

-> HAS A LOT Of SOLUTIONS

-> CLASSIFIED FOR J = PSu (2 , 214) In CBORSATO
, WULFF 116 ; BORSATO, SD'22]

SIBYLLE DRIEZEN 3
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-SPERROUGHOERVE
(40)

· BASED ON ABELIAN T-DUALITY : · EQUIV. TO NON-ABELIAN T-DUALITY

CORLANDO,
REFPERT, SAKOMOTO ,

YOSUIDA 16,

TEDUALITY . Snift . T-QUALITY HOARE
, TSEYTLIN 116

,
BORSATO,

WULPF 116]

COSTEN, VAN TONGEREN'16]
· DONE OVER NON-ABELIAN BOREL SUBALGEBRA OF

· DONE OVER ABELIAN SUBALGEBRA Of ISOMETRIES :

· REMAINING SYMMETRIES : (Ta
.
R(X)]= RICTa ,X]) ,

I WITH

JORPANAN DEFORMATIONS

MEIER123]

ISOMETRIES : IM(R) = SPAN (h , e) <sel, IR) a I
IM(R) = SPAN (h ,hz) S

WITH Ch
,
25 - e

[hnih2] = o Sy KoviCH-MAsLYUK
,

CARTAN ROOT
↑

ALWAYS INCLUDES :
· REMAINING SYMMETRIES : NEVERI BUT

Ehn
,
he3 + EgIIRs) +... <e3 + Zylimm)

SIBYLLE DRIEZEN 4



SUPERROUGHQUERVIEW
-

FAREMBOL' BEIStRTOS ...

(40)

LUNIN-MALDACENA BE .

- j - --

SCHRODINGER SPACETIMES -AdSixS"-
...

/ -
-

#ASHIMOTO - ITZHAKI-MALDACENA-RUSSO BE

1

KoviCH-MAsLYUK
,

MEIER123]

SIBYLLE DRIEZEN so



SUPERROUGHQUERVIEW
-

FAREMBOL' BEIStRTOS ...

(40)

TST-TRANSFORMATIONS NON-ABELIAN DEFORMATIONS

LUNIN-MALDACENA BE .

SEQUENCES OF TST

- j - --

SCHRODINGER SPACETIMES -AdSjxS"-
---

/ -
JORDANIAN /NATD)

- DEFORMATIONS

#ASHIMOTO - ITZHAKI-MALDACENA-RUSSO BE

1

KoviCH-MAsLYUK
,

MEIER123]

SIBYLLE DRIEZEN 5



- ZAREMBO2' BEIStRT'03 ...]

(40)

TST-TRANSFORMATIONS NON-ABELIAN DEFORMATIONS
1

LUNIN-MALDACENA BE .

SEQUENCES OF TST
he

, he + 30(6) - j - --

SCHRODINGER SPACETIMES -AdSjxS-
---

↑

me 5016) , he 30(2 ,4)
/ -

...

JORDANIAN /NATD)
↑ he ,hze 50(2 ,

2) DEFORMATIONS

#ASHIMOTO - ITZHAKI-MALDACENA-RUSSO BE

M

1

1. I Y
MARGINAL DEFORMATIONS
-> B - DEF , KoviCH-MAsLYUK

,

-> X-DEF . j - MEIER123]

h ,hz + 5016) -N=4 SYM-
NON-COMMUTATIVE DEFS NON-COMMUTATIVE DEP

=> DIPOLE DEF . ! - -> JORDANIAN DEF ??
-> GROENEWOLD-MOYAL DEF .

h
,
e c be(2

, IR)
hihze 50(61050(2,4)



- ZAREMBO2' BEIStRT'03 ...]

-ORDANIAN DEFORMATIONS (40)

THE UNIQUE CASE WITH CONSTANT DILATON (GgVEXPIE)) & RESTRICTED TO SLI2, IR) :

h =

D - Jos [SD
, MOLINES ' 25]

2
& e = po + P3 ↑ SUPERCHARGES

· SYMMETRY = SPANGIs, boths ,po-ps,J123*(1) 12 SUSY's

Selz
, IR) @ Uh < Su(2,2) 25M(4)

-

↳ NON-RELATIVISTIC CFT /SCHRODINGER ALGEBRA ~CFTl
Il

WITH CARTAN" - Hv = e = Po + P3 [NULL MOMENTUM MJ
- · Hy = 312 [SPIN S]

· Po-no on D : E or X [NISMIDA
, SON'07]

· T12 : S1 · And H
+

= <(po- ko = P3 - ka) [TIMELIKE : ENERGY EJ &50 7
· T34 : S2 OR Hr = D + Jos [RADIAL : NON-RELATIVISTIC SCALING AJ KoviCH-MAsLYUK

,

MEIER123]

· IB SUGRA : ds2 =
dz2 + &Ph + P2d82 + 2dTdV

-

14z" +y4(zdt" + &Ss
z2 476

B = -yT ; (y) = Fy =);
(KAWAGUCHI

,
MATSUMOTO, YOSHIDA 'ly

VAN TONGEREN 119]

SIBYLLE DRIEZEN 6



-> STRING WORLDSHEET : LAX US .
S-MATRIX

-> 2412 .
08411

->SPIN CHAIN : SPECTRUM FROM BAXTER

2507 . 13911
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HORDANIANSCATTERING St=FSF ?
(40)

· DEFORMATIONS (SUCH AS JORDANIAN) ONLY POSSIBLE IN SPECIFIC LIGHT-CONE GAUGE

CBORSATO, SD,
HOARE ,

RETORE ,
SELBOLD'23]

B-DEF . JORD. DEF

M F(h ,e)~Bun > -
VS. ①⑧

% fa-GAUGE &
(H+)

↳

S-MATRIXDESCRIPTION DEFORMATIONS OF ADSICFT

· POINTLIKE SOLUTION : T= et
,

V= M+, :, += j + (S =0) KoviCH-MAsLYUK
,

MEIER123]

==+ M2 = 3+2 0154

-> USE to GAUGE FIX T- = H+ ~WORLDSHEET HAMILTONIAN

-> SYMMETRIES Solz
, 1) BOLzI@H+ CONTAINS h & 2

SIBYLLE DRIEZEN 7
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HORDANIANSCATTERING St=FSF ?
(40)

TAKE J-GAUGE AND OBTAIN PERTURBATIVE HAMILTONIAN=
2

+ #
,

+# +...

1 DISPERSION
_

RELATIONS :

WE = (1++p2)"- y4(1 -yz , wi == +2 , WSPHERE = 1+ph

↳
NON-RELATIVISTIC DISP. RELS We NO "KLEIN-GORDON" RULES FOR KINEMATICS

2 SCAITERING :

*. 4 & 44w . po KoviCH-MAsLYUK
,

· * MEIER123]23,4 &4

= INELASTIC AT TREE-LEVEL : VIOLATES AXIOMS OF S-MATRIX INTEGRABILITY ...?

[BORSATO, SD'24]

SIBYLLE DRIEZEN g



-> STRING WORLDSHEET : LAX US .
S-MATRIX

-> 2412 .
08411

->SPIN CHAIN : SPECTRUM FROM BAXTER

2507 . 13911



- ZAREMBO2' BEIStr+ '03 ...]

[FROLOV'O5 ITST) - (40)

TWO
.

LAX
.

DESCRIPTIONS BORSATO,
SD , MIRAMONTES '21 (ALLYB)]

NON-LOCAL UNLEFORMED__BUT-CANONICAL
L TRANSFORMATION ->FORMER

WORLDSHEET IWISIED
-

(GR)FELDSON THE

t
SIRg(XM)(*M)

& N- = g = =g ->/syn& & &
-> + YR yRt

↳ LAX (gR) ↳ FIELDS(2,T) = eYR(2)g(0,+)

DEFORMED SIGMA-MODEL MONODROMY IS DRINFEL'D TWISTED (CLASSICALLY) [VANTONGEREN 115]
KoviCH-MAsLYUK

,

T
,
(u) = Pexp(Lax(yR)) = F(2n;yR) Pexp(Lax) FlojyR) F(u) - ebR(a) Pexp([ax) MEIER123]

SIBYLLE DRIEZEN 9



- ZAREMBO2' BEIStr+ '03 ...]

[FROLOV'O5 ITST) - (40)

- BORSATO,
SD , MIRAMONTES '21 (ALLYB)]#
R

IWISIED
-

(GR)ELDI

NON-LOCAL UNLEFORMED__BUT-CANONICAL
L TRANSFORMATION ->

ON THE

WORLDSHEET

t
SIRg(XM)(*M)

& N- = g = =g -> /open& & &
-> + YR yRt

↳ LAX (gR) ↳ FIELDS(2,T) = eYR(2)g(0,+)

DEFORMED SIGMA-MODEL MONODROMY IS DRINFEL'D TWISTED (CLASSICALLY) [VANTONGEREN 115]
KoviCH-MAsLYUK

,

T
,
(u) = Pexp(Lax(yRI) = F(2n,yR) Pexp(Lax) FlojyR) & F(u) - ebR(a) Pexp([ax) MEIER123]

WHERE F(r) - 1 + FyRIQ14) + 015")
[BORSATO

,
SD

,
MIRAMONTES '21]

· ABELIAN : FA = Exp((Q15) T2 - &(H) Till
USED FOR SPECTRAL CURVE :

· JORDANIAN : Fy = Exp(2n(re) Exp(106(1 - Gaer))h) SBORSATO,
SD, NIETO-GARCIA, WYSS'LL,

SD
,

KAMATH 124]

SIBYLLE DRIEZEN 9



- ZAREMBO2' BEIStr+ '03 ...]

[FROLOV'O5 ITST) - (40)

-#
R BORSATO,

SD , MIRAMONTES '21 (ALLYB)]

NON-LOCAL UNDEFORMEDI , BUTCANONICAL -----------

L TRANSFORMATION ->
ON THE

WORLDSHEET IWISIED
-

1gR)FIELDS

t
SIRg(XM)(*M)

& N- = g = =g ->/syn& &
-> + i yRt

↳ LAX (gR) ↳ FIELDS(2,T) = eYR(2)g(0,+)

DEFORMED SIGMA-MODEL MONODROMY IS DRINFEL'D TWISTED (CLASSICALLY) [VANTONGEREN 115]
KoviCH-MAsLYUK

,

T
,
(u) = Pexp(Lax(yRI) = F(2n,yR) Pexp(Lax) FlojyR) & F() - ebR(a) Pexp([ax) MEIER123]

AdSexgs
WHERE F(r) - 1 + FyRIQ14) + 015")

-

I
staina

#
· ABELIAN : Fa = EXP((Q15) T2 - &(H) Till 4SUS2/3) Spincraw Tamer
· JORDANIAN : Fy = Exp(2n(re) Exp(106(1 - Gaer))h) &

SIBYLLE DRIEZEN S



-> STRING WORLDSHEET : LAX US .
S-MATRIX

-> 2412 .
08411

->SPIN CHAIN : SPECTRUM FROM BAXTER

2507 . 13911
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ZAREMBO2' BEIStrT'OS ...]

PRINTEL'P-TWISTED/XXX-12 (SCIZIR) SECTOR) (40)

A = y(sl(
,
1)) with AIX) = [X] : Next ; And

· Raj (n) = ulaj + ita · Sj -> INF
.

DIM.
REP:> E & M =T(7j)

fi ~zjbj +zj
&

FINITE-DiM .
REP . (2x2 MATRICES)

Talu) = Raylu) ... Razlu) Ran (n) -> ENCODES COMMUTING OPERATORS

· NN-HAMILTONIAN Hij =Pij Rij(u) In
= no

&

KoviCH-MAsLYUK
,

MEIER123]

SIBYLLE DRIEZEN 1
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PRINTEL'P-TWISTED/XXX-12 (SCIZIR) SECTOR) (40)

A = y(sl(
,
1)) with AIX) = [X] : Next ; And

· Raj (n) = ulaj + ita · Sj -> INF
.

DIM.
REP:> E & M =T(7j)

fi ~zjbj +zj
&

FINITE-DiM .
REP . (2x2 MATRICES)

Talu) = Raylu) ... Razlu) Ran (n) -> ENCODES COMMUTING OPERATORS

· NN-HAMILTONIAN Hij =Pij Rij(u) In
= no

&

PRINEELPIWDI : (FQ1)(D1)(F) = 1110F)(101)(F) CoCycle condition .

KoviCH-MAsLYUK
,

THEN A(x) + Dj(X) = FA(X)5
+

-> ALSO QUASI-TRIANGULAR HOPF MEIER123]

R - Rj = 50RF
- (YBE, RTT, --)

T -> Ta(u) = z(ba + 13
-1)(5%) Talu) (1axA1)/F")o2" (SD

,
MOLINES25]

H - H = Fijij Fij & Hor = 2 H
*R" CGUIA ,

LEVKOVICH-MASCYVK ,

ZAUERBO '17,
BOUSATO, FERNANDEZLT]

1 : all physical sites -> SIMILARITY OF MILBERT SPACE



-

-ZAREMBO2' BLIStrT'OS ...]

JORDANIAN-TWISTED/XXX-12 /J SITEs I
(40)

HERE : CKULISH... ]
----

Fij = Exp(h= 20011 + 32i)) ; SER CKVLSH
, ... 190's]

>
MANIFEST SYMMETRIES :

----
------

3- 1

· AF(X) isA symm . If [A(X)
,
Mor] = 0 or Ear. [B"(

,
H
*

] = 0

· For LEVELO Xe S112
, IR) : · ALWAYS THE ROOT GENERATOR M : = A"(e)

-

WITH A CONTINUOUS SPECTRUM

LIDEM & SIGMA-MODEL SIDE)
· NEVER THE CARTAN GENERATOR K = A3" (h)
-

WITH A DISCRETE SPECTRUM JIk
,
42] ~zhz42)

KoviCH-MAsLYUK
,

MEIER123]

INSMOND
: T()= Exp(h) Tau)Exp21+35"))2+

-

Ba

=> AFTER SIMILARITY TRANSF , BY & WE NEED TO ORGANISE SPECTRUM BY M

SIBYLLE DRIEZEN 11



- ZAREMBO2' BEIStr+ '03 ...]

TWISTED-BOUNDAYCOND S [SD
,
MOLINES25] (40)

EXPECTATION: ONE CAN MAP (DF(X)
,
RE

,
... ) WITH DEF. INTERACTIONS #(5)

---------

ICLOSED CHAINS) AND Xj + i = Xi

To (D(X) , R, . . . ) with UNDEF . H

BUT Xy+ i = Bf(Xi) + Xi
↳ SYMM.

ACTION 1...]

EXPLICIT
_

MAP : BY GLUING PROCEDURE OF OPEN TO CLOSED CHAIN

[ B
It

3 Ii

↑↑ KoviCH-MAsLYUK
,

MEIER123]

Xj+ i = Bi Xi Bit w. Bi :=(ixt)(f)

HERE : esti = ei(1 +5M)
,

noti = he
, fiti = fi(e +3M)+

SIBYLLE DRIEZEN 12
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SECTRALPROBLEM
ISD

,
MOLINES25] (40)

CSD
,
LEUKOVICH-MASLYUK

,
MOLINES25]

1 IHERMODYN· IMIILI*)_:

2 LENETH
_

12 :

3 Al :

KoviCH-MAsLYUK
,

MEIER123]

-

SIBYLLE DRIEZEN 13



- ZAREMBO2' BEIStr+ '03 ...]

SERALPROB
ISD

,
MOLINES25] (40)

KoviCH-MAsLYUK
,

MEIER123]

-

SIBYLLE DRIEZEN 13
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SECTRALPROBLEM
ISD

,
MOLINES25] (40)

1 IHERMODYN· IMIILI*)_: ISTEFANSKI
,
TSEYTLIN'OG]

· UNDEFORMED INTERACTIONS COHERENT STATES :

3=x
Nav <n/h/n>

Ham - Hartman ne-culeln>
FIELDS

nf
- <n)f(n)

· TWISTED BOUNDARY CONDITIONS

Melt ,2n) = Netto) (1 + 3 Mr) i nukti2 = Mito) ; ngG2) = ne(t,0) (1+&Mc
+

WITH

Mucfr nettv) B(e)
KoviCH-MAsLYUK

,

WE FIND TWISTED SOLUTIONS TO THE EOMS WITH ENERGY
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[SD, Levkovich-Maslyuk, Molines ‘25]

In fact: the Baxter eq. reproduces all data [  and  ] by taking the ansatzeE τξ(u)

τξ(u) = ( 2 + ξM
1 + ξM ) u2 + (−

1
2

+
∞

∑
k=1

τk(ξM)k) u0 and Qξ(u) =
∞

∑
k=0

k

∑
n=0

cn,kun(ξM)k

1 2 3 4 5 6

1

2

3

4

O(ϕ20)

Numerics

E/(λ/4π2)

Also works for higher-spin states:  for ES /(λ/4π2) = 2h(S) +
1
8 ( S(S + 1) − 1

4S(S + 1) − 4 ) ξ2M2 + ⋯ S = 1,⋯,20

Numerics:

−iϕ with ϕ =
i
2

log(1 + ξM)

2) Length  J = 2

Spectral Problem



3) All length  J

Spectral Problem [SD, Molines ‘25]
[SD, Levkovich-Maslyuk, Molines ‘25]



3) All length  J

Spectral Problem [SD, Molines ‘25]

Large -asymptotics:u ̂τξ(u) = 2 cos ̂ϕ uJ + 0 × uJ−1 + ⋯ - no  operator

- trivial subleading terms indicates 

  ‘nice’ -asymptotics 

ΔJ−1(h)

Q

Q ∼
1
u (euϕ − e−uϕ)

[SD, Levkovich-Maslyuk, Molines ‘25]

Solving Baxter and computing energy for  we findJ = 2,⋯,8

E = −
λϕ2

8π2(J + 1)
−

λϕ4

96π2(J + 1)2
−

(J + 3)λϕ6

2880π2(J + 1)3
− (10(J − 1)3 + 100(J − 1)2 + 345(J − 1) + 408) λϕ8

483840π2(J + 1)4(J + 3)
+ O(ϕ10)

τξ(u) = 2 cos ϕ uJ + 0 × uJ−1 + ⋯

=
η2M2

8J
−

η2M2

8J2
+ 𝒪(λ−1/2, J−3) ξ =

2π

λ
η
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- trivial subleading terms indicates 

  ‘nice’ Q-asymptotics 

ΔJ−1(h)

Q ∼
1
u (euϕ − e−uϕ)
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−
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483840π2(J + 1)4(J + 3)
+ O(ϕ10)

τξ(u) = 2 cos ϕ uJ + 0 × uJ−1 + ⋯

=
η2M2

8J
−

η2M2

8J2
+ 𝒪(λ−1/2, J−3) ξ =

2π

λ
η

matches classical string energy ! and its one-loop shift !! [Borsato, SD, Nieto-Garcia, Wyss ‘22]  
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ξ =
2π

λ
η



Conclusions
Jordanian string:

 is Lax integrable: two formulations (deformed and twisted) lead to spectral curve results [’22,’24]∙

 S-matrix integrable? particle production with massive asymptotic states [’24]∙

other notions of integrable scattering?  TBA? …?Sη = FSF−1?

Drinfel’d twisted spin chains:

 general formulas for twisted monodromy matrix (and boundary conditions) [’25 - part 1]∙

 essential to use residual symmetry states :: Jordanian  only a root generator . No Cartan.∙ → M̂ = Δ(e)

 still: it allowed to study the spectrum using the Baxter equation ! [’25 - part 2] ∙

- J=2 : numerics and perturbative results in  (equiv. )

- all J : match with ground state solution + one-loop shift of the Jordanian string 

ξ ϕ analytic solutions at all ?ξ/ϕ

… particle number is not always a good organisation for integrability-studies 
… we shouldn’t discard QFTs with particle production — integrability may still be hiding there

excitations?
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Sibylle Driezen
26xx.xxxxx 
you et. al.??


