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——
N=4 SYM theory

« N=4 SYM - one may hope that this theory is exactly solvable.

« Physical content - resembles perturbative part of QCD (massless QED without
running of the coupling). Tree amplitudes identical to QCD.

« Toy model for weakly coupled gauge theories.

o The correlation functions in this theory can be studied in the weak and strong
regimes ( via AdS/CFT).

o The computation of anomalous dimensions of local operators in N=4 SYM in
planar limit can be reduced to the problem of solving some integrable system.

o There are numerous results for perturbative expansions of amplitudes (S-
matrix) and form factors/cor.functions with some results valid in all orders of
PT (BDS ansatz for 4,5 points, collinear OPE).

« Results which can be written in “simple” analytical manner are still rare.

L. Bork Dubna 2026




N
N=4 SYM theory the “harmonic oscillator of 21

century” ...

« N=4 SYMYMone may hope that this theory is exattly solvable.

« Physical content\ resembles perturbative part of Q€D (massless QED without
running of the couphing). Tree amplitudes ideng#€al to QCD.

« Toy model for weakly cOupled gauge theopi€s.

o The correlation functions inthis theopy¢’can be studied in the weak and strong
regimes ( via AdS/CFT).

« The computation of anomalquS dimensions of local operators in N=4 SYM in
planar limit can be reducgd to the problem of solving some integrable system.

o There are numerous gé€sults for perturbative expansions of amplitudes (S-
matrix) and form#actors/cor.functions with sowae results valid in all orders of
PT (BDS ansaj#for 4,5 points, collinear OPE).
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N—=/ SVNA

f We already know that! \

« N=4 SYM - one may hope that this theory is exactly solvable (in
some way or another....)

o Let us put good properties of N=4 SYM to good use then!

« Let us investigate IR physics of gauge theories with off-shell/
massive particles in controlled regime

.« &

« Let us try to obtain some exact results in D=4 gauge theories
along the way or at least make some conjectures how all loop
behavior may look like

\_ %

Dubna 2026




——
IR properties of Gauge theories

(in oversimplified manner)

« The folklore says that in any gauge theory on can expect that ( here
= (all loops),/(tree),, color ordering is implied):

M, ~ H hn ({5}, 9) +

_ g%(MN c
872

Fy (Sii+1/NIR7 9)

In different theories and kinematical regimes it
Here F, is so called Sudakov form factor. can have different form but factorization relation

is expected to be universal. y can be anything

I 2
tree
FZ

2 - a’ Fglu?sp
1OgF2(Q27 )Z_Z()? (l )2+

I = <0|@|P1,P2> F, =

&)

Van Neerven 85
Bork, Kazakov et.all 10, Henn et.all 12, Henn et.all 13,
Belitsky, Bork, Smirnov, Pikelner 23, etc.

Planar N=4 SYM
massless case

cusp

M?) propagators

Planar N=4 SYM Coulomb branch locust
) all external states massless, 1/(k2 -

Planar N=4 SYM different Coulomb branch locust
" all external states massive (m?), 1/k? propagators

logFg(QQ, ) (
10gF2<Q2, ) Y Jog? (g—) +

Dubna 2026
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N
IR properties of N=4 SYM on the Coulomb branch

e Let us concentrate on the planar N=4 SYM case where massive particle are
present. But only in external states. Mimics off-shell kinematics.

« Based on pervious computations one can expect that:

3 loop Sudakov FF.,
2 loop n=5 ampl.,

e m2 n
log Mn — Z lOg F2 ( 7a> + fn ({8}7 a') + §D(a> 4loop n=4 ampl.,

i—=1 Sti+1 2loop n-point FF ...
] Bork et al. 22,
with: Belitsky et al. 23,

Huot ,Coronado 21

log Fy (m2 ) — _Poct(a) 10g2 (mQ) . D(a) Note the absence

@’ a 2 @ of collinear G(a).
where:
4 2 2 3 ) Belitsk
Lo(a) = — log (cosh <7r Qa)) = 2a — 4(sa” + 32(4a° + . . ., Korchemsﬁ& 19
1 sinh(27v/2a) o 128G 5
D(a) = 1 log ( 23 > = 2020 — 8C4a” — 3 ¢ T+ | Allloop
\_ Y, results!!

6
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N
IR properties of N=4 SYM on the Coulomb branch

e Let us concentrate on the planar N=4 SYM case where massive particle are
present. But only in external states. Mimics off-shell kinematics.

« Based on pervious computations one can expect that:
3 loop Sudakov FF.,

n 777,2 n 2 loop n=5 ampl.,
logM — Z log F2 ( 7a> + fn ({8}7 a') + §D(a> 4loop n=4 ampl.,

=1 Sii+1 2loop n-point FF ...
Bork et al. 22,
No all loop solid proof. Belitsky et al. 23,

Huot ,Coronado 21

n=4 example:

a st a? st a’st
2 y 4

M,=1-+

Note that integrals above are Ussyukina-Davydychev box functions with good (dual)conformal properties...

L. Bork Dubna 2026
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——
IR properties of N=4 SYM

Coulomb branch amplitudes

log M,, = znjlog o) ( m” ,a) + £, ({s},a) + =D(a)

— Sii+1 2
e (Can we test this conjecture even further ? More loop&legs.

« What about finite part f, ?

For n=4 example one can obtain:

Foc 2 2 5
g My = ~- ) (log? () +10g? (- ) ) + Bk Om?) (2352,

S

d I‘oct(a) 9 (S D(a) 4loop explicit verification, expected to hold for all
JT"4 — log —

4 Z 2 loops

L. Bork Dubna 2026




——
IR properties of N=4 SYM

Coulomb branch amplitudes

2

log M,, = znjlog o) ( T ,a) + £, ({s},a) + =D(a)

Si; 2
i—1 11+1

e (Can we test this conjecture even further ? More loop&legs.

« What about finite part f, ?

« n=5 amplitude is natural candidate to investigate!

L. Bork Dubna 2026



Coulomb branch masses are extra dimensional coordinates

Integrand of 4 and 5 point amplitudes are essentially identical between D=4,6,8 10 SYM theories

Kazakov, Bork et al. 15 and reference therein
We can choose extra dimensional coordinates to make internal or external lines in diagrams

massive. The topology of diagrams is identical in all D (for n=4,5,...). So for example we can consider:

X2
xl X3
{]
X1

X4

4p amplitude example:
M =1+ a st N

4 2

L. Bork Dubna 2026

Let us split D demential

2 2, D=4

_ ) 2
coordinates as i — Ly + Yii
And impose additional D—4 2
d . =
constraints: 5 (yl) an yZ O
Alday, Henn et al. 09,
Huot ,Coronado 21,
Elvang et al. 11,
Plefka et al. 14
a’ st , askt .
4 4
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N
Descending on the Coulomb branch from N=(1,1) D=6 MSYM

e Let us consider on shell momentum superspace for N=(1,1) MSYM

« All creation/annihilation operators for on-shell can be combined into:

Q) = (¢ + X" + Xall" + ¢ + 72" + g"ananl® + V0T + ai™n* + 177°¢" ) 0)

.. . . . . . Siegel et al. 10,
Note that this is essentially N=4 on-shell supermultiplet in disguise. g is gluons et.c.  Brandhuber et al. 11,

Bern et al. 11
See also lvanov 06, Buchbinder, lvanov et al. 07

gluons: 9% , ——
a, a are D=6 helicity little group
. I
scalars: ¢, 0,9,9", indices SU(2)XSU(2)
gluinos; Xaa X wa’, ’IZ& Cheung, O’Connell 09

Superamplitudes in N=(1,1) On-shell momentum superspace are defied as: An = (0 | S | Qn. . .Q1>

L. Bork Dubna 2026
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N
Descending on the Coulomb branch from N=(1,1) D=6 MSYM

e Let us consider on shell momentum superspace for N=(1,1) MSYM

In on-shell momentum superspace we can define supercharges:

Qi = (*|Mia Qi = [ia|7 P; = [i%)(tal , P = 2] [Za|
A, = A, 5% (ijl Qz) 6@ (Zjﬂ QZ) Cheung, O’'Connell 09

n=4,5 tree level amplitudes are given by: Cheung, O’Connell 09, Plefka et al. 14, Belitsky 23

- 1 —0
A0 _ O
! 512523 ° 312523534345551

Q2 is some (not)complicated function
of |i%),...,n% 7% similar to the
D=4 R._. NMHV functions.

rst

S;j= (P + PJ-)2 | p—g

L. Bork Dubna 2026
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Descending on the Coulomb branch from N=(1,1) D=6 MSYM

yi = y; #0
yi2i+1 #0 yz'2¢+1 =0

e Let us consider on shell momentum superspace for N=(1,1) MSYM

In on-shell momentum superspace we can define supercharges:

Qi = (*|Mia Qi = [ial; P; = [i%)(tal , P = 2] [Za|
A, = A, 5% (ijl Qz) 6@ (Zjﬂ QZ) Cheung, O’'Connell 09

n=4,5 tree level amplitudes are given by: Cheung, O’Connell 09, Plefka et al. 14, Belitsky 23

~0) 1 ,,Zl\(o) B —( Trees in N=(1,1) are dimensional

AV = - .
4 ) 5 uplifts from N=4 SYM
512523 S12523534S45S51 P
Plefka et al. 14

S;j= P+ PJ-)2 | p—g

L. Bork Dubna 2026
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Descending on the Coulomb branch from N=(1,1) D=6 MSYM

yi = y; #0
yi2'£+1 #0 y2'2i+1 =0

o/ Note that such choice of “masses” will imply that all integrals are well
defined in d=4.

« “*Moreover they are D=4 dual conformal invariant! This imply that:

log M5 = D(uq,...,us;a)

2 2 4
x. . _x._ - m
Where u; are dual ;= ikl
. 2 2 ) i
conformal cross ratios Xiyi—1Mir1i—2 Si+15i+2

_ _ 2
$; = Siiv1 = (P + Pis1)

L. Bork Dubna 202




3 loop@5legs integrand

ME = 3 [~4® — 1 1 1P - 1 - U 0 L)

osUos
Spradlin et al. 08

o5 = {(12345), (23451), (34512), (45123), (51234)},
&5 = {(54321), (43215), (32154), (21543), (15432)} .

D2

ygi 79 s

(TR IS

2 loop results are
previously known

The form of M5(3) can be

conjectured form the
amplitude/correlator
duality Edeneta. 13

ygi

But can we really
compute it from “first
principles” ?

7 ® 7

L. Bork Dubna 2026

15



Py

p,

Py

P

P,

Py

P,

Py

D 6

itarity:
n! D=6 Unita
e can!
Yes, w

K,

K3

K,
Py
K,
P
P,
Py
K,
A
K |
P,
P
P;
P,
K,
P,
K C |
Ky
P P i
s
K,
p,
Py
K, Ky P, . i
K;3 :
F
Ky
P
Kg .,
K,
F

Py

K
K

K,

K, K,

P3

Py

Py

Py

Dubna 2026




D=6 N=(1,1) MSYM unitarity cuts

e Yes, we can! D=6 Unitarity (3loop example):

P, s
Py
Ps s
( ”/ ,2”7937¢47¢5) A
~ (AP o) / (AP = 2550 )
5 lecut— 5 S23SLK2S3,K1 SK2K4SK4,_K5S57K5
R x(K1.—P4)2

= 5,5'34,5’;19’5 +§SZ’5SE,1 +§S12523525
i T
: : : : : : / : Py

L. Bork Dubna 2026




D=6 N=(1,1) MSYM unitarity cuts

P, P
Py
P3 P4
A
1
A®) A0\ _ 3945(Qa)
~ (A leuin ) A ) = e e kS S
2391, KoMW3, K1 P KoKy P Ky,—K55,K5
P : . . h : ' ‘ \ : X(K1-—P4)2 :
= 55'34,5'45 +§S45.S'51 +5312523S45
: 5 5 : : : N :
: : : - ; : / —< : : P
Sl2

§<<QA>> — %tI‘4[P3P4P5P1PQP3P2P1R2K1] - %tI‘4[P3P4P5P1PQP3R1K2P1P2]
5

= 51252353454551 K, + 51252354555153 K, + 53253354,—& ; (3.18)




-
D=6 N=(1,1) MSYM unitarity cuts
and D=4 Dual conformal invariance

« All integrals such as are Dual conformal Integrals

MO = 3[4 < 1 4 4 - 1 - 1O - 1O 4 4 4 1]
osUo
T as well as at 1 and 2 loop level

e This imply that:

2 2
_ . f=me k1
2 2 4
x. . x._ . m
Where u; are dual = L lim2el
. 2 2 . X
conformal cross ratios X2i—1Nix1i—2 Si+15i42

_ _ 2
$; = Si1 = (D + Pig)

« We have explicitly verified this at 3 loop level. However this is to be expected...

L. Bork Dubna 2026
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N
So how to compute such integrals ?

DCI MofR

« Integrals are well defined in D=4 but when we cut initial integral into regions regularization is

required. Usually one promotes d*l — d*~>¢[ but this brakes DCI of each region. .¢¢ %f;irskhgge”ko’

. To compensate this we also introduce another regulator a; for each propagator 1/D; — 1/Dl.“i

« This allows us to radically simplify parametric integrals for each region. Here is 1loop example:

D1 1-4  po D1 0—8 P2 D1 9 P2
2
m
2.2 2.2
L __ Db1p3 _ P3Py
'LL]_ - t 9 ’U/Q - t ‘
mO S S
P4 p3 P4 P3 P4 Ps3
4 2 .2
B— d*ys Y13Y24
o 7.‘-2 2.2 ,2 .2
Y15Y25Y35Y45

where we use the notation y;; = y; — y;. We define kinematic invariants

2 2 2 2 2 2 2 2
P1 = Y14 P2 = Y21y, P3 =Y32, DPg = Ys3,

s=P2+p)° =13 t=(ps+p2)’=yis

L. Bork Dubna 2026
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——
So how to compute such integrals

Integrals are well defined in D=4 but when we cut initial integral into regions regularization is

required. Usually one promotes d*l — d*~2¢] but this brakes DCI of each region.

To compensate this we also introduce another regulator o; for each propagator 1/D; — 1/Dl.“"

e 1lloop example:

k Bgim Bgci

L] S T(1 - ()2 (pig) | TU-demtertem et g ot

2| +TO-9r@® (hrd)° | MRy

3] ST - 9T () | MR fanriag - s

4| tT(1—eT(e)? (pip}) " r(1- %‘hié"fﬁ’éﬁii&iﬁ“e) uoztarte mtaste
5 | I(—€)°T'(€) (p7) */T(-2¢) | 0

6 | T(=€)’T'(e) (p3) /T(=2¢) | O

7 | T(=¢°T(e) (p3) "/T(=2¢) | O

8 | T(=€)’T'(e) (p}) “/T(=2¢) | O

9 | Massless box (hard region) | 0

L. Bork Dubna 2026

y2

1—4  po P1 5—8 D2 D1 9 D2
Ps3 Pa D3 Pa Ps3
2.2 2.2
_ Pb1P3 DDy
up ===, up=-—==
st st

B = log uy logug + 2¢2 + O(u1,u2)

21



This allows us to compute small m expansions
of:

D =Tii =My and (pi +p7;_1) = Ti—1,i+1 = Si

2 2 2
_ Tii1Ti-2i42  Siyo

) e
Ti2it1Tit2i—1  Si+25i-2

L; = logv;

1
¥ = 15 (2L2Li +3LoLsli + 3Ly Ly LY + 6LoLsLaLy + LsLy + 3LoL3Ly) L

+5 (2LoL3—2L5L3+3L2L{+3Ly L3 Li+3LyLaLi+6LoL5Li—3L3L5L2—3L4LsL3+3LoL5L,
+6L4L2L1 +6LoL3LyLy +12LyL3LsLy —6L3L4L5Ly+L3L3+3LoL3L3+3L3L2 +3LyL3L2

1
+3LoLyL2 + 3L3L4L% — L3Ls — 3LoLiLs + 12LoL3L4Ls) (o — s (2L$ + 3L3L} + 3L4L}

1
+6L3L4Ly — L — 3LoL; — 3LoL? +6L4L2 — 6LoLaLs — 6L3L4L5)(3 + 1 (10L3 + 20L1 L4

—11L2L4+L3L4+20L5L4+10Lg—l—10L1L2—20L1L3 +421L9L3+30L1 L5 +6L2L5+4L3L5)C4
+2(Ly + L3)¢s — (3L5 + Ly — 3Ly — L3 + 4L4) (2l — 3¢5 + 286 + O(v;) .

22




Not all sunshine and rainbows :(

8}

D3

1
1) = 3 (L3LS + LoLs L3 +3L4LELT +3LoLyLs LY +6L3LyLi Ly +3LyL3L4 L1+ LoL3Ly

+6LoL3LsL5L1) L2+é (—LoL3+L4L3—3L1LoL3+3L1 Ly L3+6LoL4L5+6L1 L5L3—3L1LE L3
—3LoL2L3+3L4LiL3+3L304L3+6L1 LoLyL3—3L5L5L3+12LoLyLsL3+3L3L2+3L1LoL?
+6L1 Ly LE+3L1 L3Ls+3L1 L3 Ls+6L3 LoLs+12L1 LoLyLs) 424% (6LZL3—L3—3L L3+3L5Ls
+6L1LoL3—6L1L4L3—12LoLyL3+6L1LsL3—6L4L5Ls—6L1L3+3L L2 +3LoL%—3L4L2
+6L5Ls+6L1LoLy+3L5L5) 3+ le (3L3+41L1Ly+20L3Lo+ LaLo+28L5Ly —10L3 —4L3

+12L1L3+9L1L4+9L3L4+91L1 Ls—22L3 L5 —|—31L4L5) Ca+ (7L3 —411—TLo+21L4 —4L5) (2(3
— 2(3Ly + Ly + 2L3 — 2L5) {5 €186 + €263 + O(w;).

73
L. Bork Dubna 2026




2 loop results.

2 _ .2 2 2 _ .2 P2 T g Sim?
— _ ) ) — — o. 1—1,2 1—2,1 1
Pi =Tigpr =my and (pi+pim1)” =110 =8 v = 5 = —
Ti—2i+1Tit24i—1  Si+28i-2
L; = logv;
\ (K + Pp)?
> P
K
P1 Pl \ /
11(1) 11(2) 12(2)

I = LyLy + LyLs + 26,
Y = 1L3(L3 + Ls)? + (L2 + 4L3Ly + L3 + 2L3 L5 + 4L4Ls + L) + 244,

I = YLy (L2Ls + 2Ly L3 Ly + 2L3 Ly Ls + LyL2)
+ 3(4LyLy — L3 + 2L L3 + 2L Ly — 2Ly Ly + 4L3 Ly + 4L, Ls — 2L3Ls — L3) (s

+ (L3 + Ly — 2L1)(3 + 54,
24
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——
Combining all integrals together

« We can define the following combination of log’s:

5
= Z log® w; L2 (w Z log w; log w;y1 L3 (w Z log w; log w;y 2
) — =1 1=1
« Then up to 3loops we have for log M: gg B g%'MNC

1672
log My = (Cag" — 16¢49°) L3 (v)

+ (9" + 200" — $Cg®) Li(v) + (G — Fag®) L3(v) + d(9)

m4

« Orin different basis of (dual)conformal cross ratios:  u, =

log Ms = (—1g% + Cag” — Zag®) L3 (u)
+ (=59" + Gg" = FGg®) Li(w) + (5397 — Cag” + 11¢ag°) L3 (u) + d(g)

Si+15i42

« We see that up to three loops finite parts as well as log’s m exponentiate!

25
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——
Combining all integrals together

« We can define the following combination of log’s:

5
= Z log® w; L2(w Z log w; log w;y1 L3 (w Z log w; log w;y 2
) — =1 1=1
« Then up to 3loops we have for log M: gg B g%'MNC

1672
log My = (Cag" — 16¢49°) L3 (v)

+ (9" + 200" — $Cg®) Li(v) + (G — Fag®) L3(v) + d(9)

m4

« Orin differen basis of (dual)conformal cross ratios : u; =

log Ms = (—1g% + Cag” — Zag®) L3 (u)
+ (=59" + Gg" = FGg®) Li(w) + (5397 — Cag” + 11¢ag°) L3 (u) + d(g)

Si+15i42

e No{(2k + 1) up to 3loops. No {(2k + 1) Zetas on this locust of coulomb branch ?

« Maximal trancendentality holds brilliantly!

L. Bork Dubna 2026
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——
IR structure up to 3 loops

« Both representations of the amplitude 5
S;m

log M5 = (<294 - 16C496) Lg(v) i Si+28i-2
+ (=9 + 269" — 2Cg°) Li(v) + (Gg” — T ¢ag®) Li(v) + d(g)

log M5 = (—3192 + ng4 — 22—74:496) ]Lg(u)
+ (=39" + Gog* — Fg®) Li(w) + (39° — Gag* + 11¢ag®) Li(w) + d(g)

4

« satisfy, as expected: yo= "
. l Si+15i42
I“oct (g) 2 m2 n 2
log M5 = — Zl > log P + f5 ({si/sj},9) + §D(g) + O(m”?)

IR factorization into product of Sudakov form factors holds !

27
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——
All loop constraints and conjectures

« Based on three loop result:

Looks suspiciously like I',, ¢,

log M5 = (—1g% + Cog* — Zug®) Li(uw)
+ (—39° + 9" — ZGg®) Li(u) +(597 — g + 11¢9°) L3 (u) + d(g)
e Itis natural to assume that to all loops:

log M5 = 0(g) L§(u) +71(g) Li(u) +2(g) Li(uw) + d(g)

« Where y,(g) must satisfy:

Y(9) +711(9) + 12(g9) = _%Foct (g) Uptothreeloopsindeed this

is the case!

« However we where not able to find unique all loop conjectures for all y.(g)

28
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——
All loop constraints and conjectures

> 5
= Z 10g2 w; , ]L,2 Z log w; log Wi+1 , ]L,g (w) = Z log wW; log W49

=1 =1

log M5 = o(g) L§(u) +71(g) Li(uw) +v2(g) L3(u) + d(g)

« Why we think that there must be “simple” solution for y,(g) to all loops ?

« Compere formula above with:

B AG(Sija ) 512545 523556 534561
g(’L%) lim DS like Uy = , U2 = , Uz =
e—0 Ag (Sij,€) $1235345 $2345123 3455234
Foct

F ex U;
In€ = — In? (urugug) — h Zln + Co + O(u;),

24

« Result above is for the massless case, “origin” of Coulomb branch, but still looks
suspiciously similar!

290
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——
All loop constraints and conjectures

5 5 5
La(w) = Z log® w; , L2 (w) = Zlog w; log w1, Li(w) = Z log w; log w; 12
i=1

=1 =1
log Ms = v0(g) Lo(u) +m(g) Li(u) +72(9) Ly(u) + d(g)
« Why we think that there must be “simple” solution for y,(g) to all loops ?

We expect that this amplitude is dual to the correlators of [tr( f, ®;) ¥ operators for K>>1?

_ Do(u;, a)?
B=y=0  (afy...75)"

82K
~ 9K BOK~

Gs (O(z1) . .. C’)(x5)>‘

=0

« Such correlators are expected to be related to integrable systems

« BMN spin chains, 2d worldsheet dynamics

Komatsu et al. 15, Basso et al 15, Coronado 15,18 ,Gongalves et al. 22, 24

L. Bork Dubna 2026




——
Conclusions and open questions

« More loops & legs! n=6 2loop, n=5 4loop

« Integrability analisis of n=5 case in m<<1 limit.

« Mixed case, where both massless and massive particles are present
« Real life case- QCD computation of off-shell sudakov form factor

31
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-
Different Gammas:

1
Fcusp(a) = a [Ql n K] 3
11

where the elements (K),,, and (Q),,, are given by:

(K>nm — 2m<_1>m(n+1) /OO ﬂ Jn(\/%t)‘]m(\/%t)

o 1 et — 1

This definition is especially useful in weak coupling limit. For example one can easily get:

) (Q)nm — 5nm n (_1>n+1'

GammaCuspPhys + 0[g] * (L + 2)

% g? 11 7% g4 73 b ) P 3548 78 16 , , ;
1- + + | = + 8 Zeta[3] g + - — 1" Zeta[3]" -160 Zeta[3] Zeta[5] | g +
3 45 315 14175 3
136883 1'° 64 , 320 , , .
267775t g " Zeral3]t+ n? Zeta[3] Zeta[5] + 816 Zeta[5]% + 1680 Zeta[3] Zeta[7]| g'%+

n* Zeta[3] zeta[5] - 544 % Zeta[5]% -

15360178 5712 752 ) . 1312
- 7 Zeta[3]° + 64 Zeta[3] " -
42567 525 189 15

1120 72 zeta[3] Zeta[7] - 17472 Zeta[5] Zeta[7] - 18816 Zeta[3] Zeta[9] | g'? +0[g]™*
2
§ ~d
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-
Different Gammas:

1
arXiv: 2001.05460 I‘(a|a) — a [ : even x even etc.
1

1+ K(a) |,
where K(«) is now given by

cos(a)Ko& sin(a) Ko,
K{a) = 2cos(a) (sin(a)Koo cos(a)K-->

/\
with o = 0,7/4 and 7/3 for I'oet, Leusp and I'hex

F(g [2)_ — 4¢*Cag® + 8¢*(3 + 5¢%)Cag? ¢ = cos(a)
4¢2 s = sin(a)

— 8¢? [(25 + 42¢® + 35¢) (6 + 452 (3] ¢° +

g§ ~a
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https://arxiv.org/pdf/2001.05460.pdf

——
Different perspective ...

Web of dualities in planar N=4 SYM

0 A, < W, : MHV-amnnutyabl <
cBetononobHble Wilson loops.

° F.,O < periodic Wilson loop.

symmetry, AdS/CFT.
[MpoBepku: strong coupling, 1-2 loops,
MHOrO farnbHeNLWnX TECTOB.

Mpennoxeno B 2010-2011;

OcHoBaHue: dual x;, dual conformal '
. explicit 2-loop MHV checks ecTb.

A, < super [ twistor LT
Wilson loop: runotesa ans

NONHOro super-S-matrix.

MpoBepku: oepesbs, 1-loop integrands,
2-loop MHV.

‘ G, ¥ Gy(x, 0, 0) B light-like limit <
Wilson loops / superamplitudes.

Large-R polygon correlators <
Coulomb-branch amplitudes.

HepasHsis 10D / null-limit runoTesa;
higher-point extensions nossunuce
HeJaBHoO;

evidence noka orpaHU4eH.

[MpoBepkun: MHOro npumepos; 4-point
correlator/amplitude nssecteH oo 12 loops.

L. Bork Dubna 2026
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Web of dualities in planar N=4 SYM

AdS minimal surfaces

Alday—Maldacena strong-coupling picture
A
»
CBeTONOAOOHLIN t . Super / twistor
H rees, 1-loop H
Wilson loop W, e Wilson loop .
MOJNIOH, Xi = Xi , = Pi 2-loop MHV KaHauaar ong norHoro S-matrix
MHYV:; strong cplg.
+ 1-2 loops;
A many tests
light-like r \J ~
limit
MnaHapHble

Cynep-koppensTopsbl
v cynep-amnnutyabl A, < G.(x, 0, 0)

n-point on-shell S-matrix

super-correlator / stress-tensor multiplet
super-amplitude
KoppensaTtopbi G, L J
half-BPS nokanbHble
oneparopbl
'S
Form factors F,,,0 Periodic Wilson loop Large-R polygon Coulomb-branch
e - periodic null polygon / correlators - === = > amplitudes

<1v <o N | @(.X) | 0> cylinder imi Marible M Ha BHELLHNX

g 10D null limit, Horax; massless loops

octagons " inside .

progolsal 2[817_’ 0\711 ;
“oop recent proposal (2021+);
JlereHpa

higher-point extensions recent
<—> XOpOLUO NpOBEPEHO
< p HacTnuHo | sector-specific

4_ —— _» HoBas / Gonee CNeKynAaTnBHasa runotesa

Alday—Maldacena (2007); Drummond et al. (2007-2010); Mason—Skinner (2010); Eden el%ﬁ(ZOH);

Caron—Huot et al. (2021); recent higher-point large-R work (2025).
L. Bork Dubna 2026



Amplitudes/Willson loops/Correlation function

duality
: n=4 illustration X
Amplitudes | . 1 X3
T R Wilson loops >
: 4
A, s +
L+ g? [ st ottt | . =D (W(C,))
Atree n
0 .
1 . 4 x1
~ =1 N 3
_ — X
xij_xi_xj_zpk 4+..
k=1
2 2
(Cii+1 =p; =0 D=4_2§
%)
correlation functions s, X X3 2,2 4 o 42
1+ a 2xj3x5, + 2a7 (xj3X5 + X{53X5,)
X4
(O(x))...0(x,)) | |
+a2 xf3x§4 +...
| | n=4 illustration

. 2
@ — tr(¢AB) n=4 illustration

L. Bork Dubna 2026

see arXiv: 0807.1889 1007.3246 and reference therein
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https://arxiv.org/pdf/0807.1889.pdf
https://arxiv.org/abs/1007.3246

|
Amplitudes/Correlation function duality

n=4 illustration

Duality “on the integrand level”

lim On_ ()’
=0 Gtree n

ll+

~

_J

Amplitudes
MHY 14 g2 | st —foeeorenef +..
An — 1 4 (
MHViree 1
An ree
4 j—1 )
Xij =X — X = Zpk
k=1 ~
2 2 _
Ccu+1 pl_O D=4_28)

correlation functions

— tr(Cb AB)

L. Bork Dubna 2026

— <@(x1) O(x,)) e

n=4 illustration

see arXiv: 0807.1889 1007.3246 and reference therein
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- 5 - 100) —{
A, = A, 6 (Zizl Qi) 5t (Zizl Qi) Ay = S12523534545551

(B| = —S34(Qs] + (Q34|PsaPs, |B] = —S51]Q4] + P1Ps1|Qs1]
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