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The Q-function and it's power

@ Bethe equations.
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The Q-function and it's power

@ Bethe equations:
» The Wronskian expression for the Q-functions GL(3):
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The Q-function and it's power

@ Bethe equations
» The Wronskian expression for the Q-functions GL(3):
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The Q-function and it's power

@ Bethe equations
» The Wronskian expression for the Q-functions GL(3):

Qi3 =ul
Qi1 (u) Qx(u) Qs(u) Q12 Qi3 Q23
uV x X1Q£7](U) Q[ ](u) X3Q[ ]( ) K y
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The Q-function and it's power

@ Bethe equations
» The Wronskian expression for the Q-functions GL(n):

uN ’()(1-1_;@1 (u+1-1)

1<ij<n

» The polynomiality of the Q-functions.

dj<—— number of excitations

Qi(v) =« H(u - u(k))\

k=1 Bethe roots
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The Q-function and it's power

@ Bethe equations
» The Wronskian expression for the Q-functions GL(n):

uN ’()gl_in(u+ 1- i))1g;,jgn

» The polynomiality of the Q-functions.
dj
Q) = a; [J(u - u)
k=1
Qm(um + 1)Qm+1(um)Qm—1(um - ]-) _ _Xm+1

Bethe eq. = =
Qm(umfl)Qm+1(Um + 1)Qm71(um) X
N me ()
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The Q-function and it's power

@ Bethe equations
» The Wronskian expression for the Q-functions GL(n):

uN ’()9-1_"01(u+ 1- i))1g;,jgn

» The polynomiality of the Q-functions.
d

Q) = a; [J(u - u)
k=1

Qm(um + 1)Qm+1(um)Qm—1(Um — 1) _ _Xm+1

Beth . -
ethe eq. = Qm(Umfl)Qm+1(Um + 1)Qm71(u’") xm

@ Q functions give us QSC.
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Defination and some properties

e Definition of Co-derivative in the GL(n) case:
generators of gl

group element m f (eEEJ'OH.Og) _f(g)
Difte) = lim

€

N e o .
io £i1i2.--In — 7 phbeiy eEva"O
- DJO fJ-1J2--~JN (g) T De fJ-1J2--~JN (e g)

e=0
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Defination and some properties

e Definition of Co-derivative in the GL(n) case:

N f (eFiiog) — £ (g)
Df (g) = lim

e—0 €

e o .. .
fognt...In — L fiiein a€Ejy g
- DJo fJ-1J2~-~JN (g) T De fJ-1J2~-~JN (e g)

e=0

@ Some of it's properties:

D@ m(g) = Pia(l @ mi(g))

ba(A-B)=(DeA) (1aB)+(12A)- (Do B)
generalized representation
Where P1y = > (Exi® m(E,,k‘))/.

1<k, /<n “\\\\\\\\ .
fundamental representation

generalized permutation operator
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T-Operators

o T (u) = u+¢(1)
tra ((UN]I +Pna) @ (uny—1l+ Py_15) @ -+ @ (U1l + P1,a) ma (g))
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T-Operators

o TM(u) =

tra ((UN]I +Pna) @ (uny—1l+ Py-15) @ -+ @ (i1l + P1a) ma (g))

@ Form the property:

ALDarak (Université de Bourgogne)

D@ my(g) = Pia(l@mi(g))

Gauge/String Seminar

July 2, 2022

5/11



T-Operators

o TH(u) = D

tr, ((UNH + P/\M@ (UN_l]I + ’PN_><) &

@ Form the property:
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T-Operators

o TH(u) = D D D
tra((uN]I + PM@ (uy—1I+ 77N—><) ® - @ (nl+ P1><WA (g))

o Form the property: | D @ mx(g) = P1a(1 ® ma(g))

o T*(u) = {<u111+ f)) ® (qu+ D) Q- ® (uN]I+ f))}t@,(m (g))
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T-Operators

o TH(u) = D D D
tra((uN]I + PM@ (uy—1I+ PN—><) ® - @ (nl+ P1><WA (g))

o Form the property: | D @ mx(g) = P1a(1 ® ma(g))

o T*(u) = {<u111+ f)) ® (qu+ D) Q- ® (uN]I+ D)}tr3<m (g))

° T)‘(u):{(U11+D>®(Uz]l-l-b)®"'®<UNH+D>}X>\(€)
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Q-Operators

combinatorial Relations

@ From the relation between T and Q operators:

Mo Y (@2 lof )
b
\ [ ()
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Q-Operators

combinatorial Relations
@ From the relation between T and Q operators:

Th.s Z (QE_"] QI[J_S]) Z [S] Z Z <Q£1—n+s] ts) Qs
b

5>0 b s>0
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Q-Operators

combinatorial Relations
@ From the relation between T and Q operators:

Tieoc Y (Q7IfT) = 3 Tl Y (Y (@) @
b

s>0 b s>0
t
normalization Z Xs (&)

s>0
\{ Q) (u; +2t§+D)W(/t)}

i=1

— Qj(U)I li

\xt 3
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Q-Operators

combinatorial Relations
@ From the relation between T and Q operators:

o S (@) - St 5 (5 (o) o
b s>0 b s>0
D o xs(8)t

s>0

N 1.0 «
@ (u)= lim N{®(u,-+ St —|—D)W(t)}

t—)— .
i=1

@ By understanding the action of D on w(t) as combinatorics:
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Q-Operators

combinatorial Relations
@ From the relation between T and Q operators:

Moo Y0 (@10l ) = 3T e o 37 (3 (@) @
b s>0 b \s>0
Z xs (g) t°

A 19 .
- Q; (u):tin;N{g(u; oty + D)W(t)}
@ By understanding the action of D on w(t) as combinatorics:
i i1 i
Diw(r) = |w(t) Diebiw(r) = | + \ w(t)
J1 A2 hij2
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Q-Operators

combinatorial Relations
@ From the relation between T and Q operators:

Moo Y0 (@10l ) = 3T e o 37 (3 (@) @
b s>0 b \s>0
Z xs (g) t°

A 19 .
@)= tim M@+ e 2+ Dyl
Q)= fim M@)o + 5 5, + DIwlo)
7 =
@ By understanding the action of D on w(t) as combinatorics:
i i1 i
Diw(r) = |w(t) Diebiw(r) = | + >\W(t)
J1 A2 hij2
i o , i b -
¢t \" 1 \" ! 1 gt 2
Where |= (f—t) = <m> and a cross \= (731,2 (ﬁ ® 1= t))
J Eh &0 o\ & &7 e
J1 S J1J)2
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Co-derivative In the SO Case
o Definition of Co-derivative in the SO(2n) case :

group element \r 5 generators of so
Nio gitio...1I _ 9 L. eF 7
Djo f}ljz,,.jN g) D¢ 6112 JN( Jo 105(
€

=0
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Co-derivative In the SO Case
o Definition of Co-derivative in the SO(2n) case :

i O i i oF
o fithin( gy = ik gFjoip
D_/O f.’IlJZm_/N (g) 86 f_’/lJZ‘-JN (e g)

e=0

@ One of the properties of the Co-derivative in the SO Case:

R generalized repp.
Do @ma(g) = | D Ej@m(F) | 1em(g) .
ij

Fundamental repp.
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Co-derivative In the SO Case
o Definition of Co-derivative in the SO(2n) case :

i O i i oF
o fithin( gy = ik gFjoip
D_/O f.’IlJZ‘-JN (g) 86 f.’IIJZWJN (e g)

e=0
@ One of the properties of the Co-derivative in the SO Case:

A

Dy, ® 7T>\(g) = <Z Ei,j ®7T>\(FJ'7")> (1 ® 71->\(g)) ’

S
R: Fund. Unknown spinorial

@ We have two different representation in the SO(2n) case:
r bl

Figure: SO(2n) Dynkin Diagram
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Spinorial case

[
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Figure: SO(2n) Dynkin Diagram

@ The R matrix in this representation:

R(u)=ul+> E;®Fj,
ij

ALDarak (Université de Bourgogne) Gauge/String Seminar



Spinorial case
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Figure: SO(2n) Dynkin Diagram

@ The R matrix in this representation:

R(u)=ul+> E;®Fj,
ij
Which changes after using the Co-derivative to:

R(u) = ul + Ds,
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Fundamental case

Figure: SO(2n) Dynkin Diagram

@ The R matrix in this representation is quadratic in the spectral
parameter:

1
R=u = (k=10 + 2ns + 5°) ZE,,@F,,+QZE,,®ZFk,,,k
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Fundamental case

R

Figure: SO(2n) Dynkin Diagram

@ The R matrix in this representation is quadratic in the spectral
parameter:

:U2_—
4

Using the

_ (uz_

1((/<;—1) + 2ks + 5?)

def. of Co-derivative

H =1+ 2549+ (u 4 3)(Du) + 1 (D))
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For Now and Future Research

@ We are testing to find a formula for the T-operators in the case of
rectangular representation in the auxiliary space.
A=fH. - T

@ Proving the Wronskian expression for our Q operators from the
Co-derivative.
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