QCD cusp anomalous dimension

Andrey Grozin



Wilson lines

W= <PeXp [ig /C dx"AM(x)]> A(z) = A% ()t
R — some representation of the color group
t W(z,z9) = W(z,xn_1) - W(a?g,ml)W(atl, o)
Aul@) = U@) AU @) + @U@0 (@)
W (@is1,25) = U(@ip )W (i1, 2) U (21)
Wz, z0) — Ulx)W (z,20)U " (0)
0 T ()W (z, z0)¢'(x0) = inv



Wo = Zw (as(p), a(p))W (p)

IR divergences of a scattering amplitude can be found in
the eikonal approximation. It turns the amplitude to a
product of straight semi-infinite Wilson lines along its
external momenta. However, it introduces UV divergences
which were absent in the original amplitude. These UV
divergences are equal to the IR divergences of the
amplitude with the opposite sign.



HQET

» QED: Bloch, Nordsieck (1937)
» Wilson lines: Gervais, Neveu (1980); Aref’eva (1980)
> HQET: (1990)

QCD with ny flavors plus a single heavy colored particle
(R)
P=Mv+p,p<M,pp<M,m<<M

L = R%yiDy - vhyo + Loen [Z hi iDo - vihm]

At the leading order in 1/M the heavy-particle spin does
not interact with gluons and can be freely rotated (heavy
quark symmetry). Moreover, it can be switched off
(superflavor symmetry).



Renormalization

) 1
L  _ iSho(p - v) Sho(w) = "

[ya
%-:g:: = 1gov" 'ty

hoo = Zp (s (1), a(12) o (12)

l=)w=l = ZSh(u.J) Sh(w) =

Sh (w)
log o)

e () = TOED )

I
w— Yp(w)

= log Zh + 0(50)

Zp, does not depend on w



Coordinate space

0O . r_ O(z-v)o(xy)

v rest frame (T )Spo(z°), 1Sho(t) = 0(t)

Y y !
& =L X <P exp {z’go/ dqug“(x)t%]>

v rest frame Sy (t) = Spo(t)W (1)

Wi(t) = <P exp [igo /0 t dt U#Agﬂ(vt)t“]>
log W (t) = log Z), + O(£°)

Z, does not depend on t



Cusp

Jo = hliohwo = Zi(as(p), ©)J (1) coshyp =v -0

Dlay(). ¢) = T8 i”’lizi”)’ ?)

Dependence of the Isgur-Wise function on p
1/e IR divergence of massive QCD form factors



Renormalization
V(w, ', o) =1+ Aw, o', @)
log V(w,w', ) = log Z;(p) — log Z) + O(c°)

p = 0: Ward identity

Aw,w',0) = (0.2 f/h( )
V(w,w',0) = (Ui);_i?l( )

log V(w,w',0) = —log Z, + O(")  Z;(a,,0) =1

['as,0)=0



Coordinate space

(hyo(2") Jo(0)h2o(2)) = (d-functions) x W (¢, ', ¢)
log W (t,¢', ) = log Zs(p) +log Zy, + O(")

=0 W(tt,0)=W(t+t), Z;00) =1



[, @ ZB Q)P

By (as) — Bremsstrahlung function
A classical pointlike charge + free electromagnetic field

AE = 27B,(a) / a (—a?(t))
Bi(a) = %

Also in N =4 SYM Correa, Henn, Maldacena, Sever (2012)



©Y — 00

(o, ) = K(as)e + O(g")

K — light-like cusp anomalous dimension
Related to renormalization of Wilson lines with light-like
segments: Korchemskaya, Korchemsky (1992)

2 =1y2=0
x
Yy
dlog W | .
Tlog i + 2K () [log(,uQ(x -y) 4 0) + log(—p?(z - y) + 20)}

+v(as) =0



In SCET many anomalous dimensions have log parts with
the coefficient K (as) plus non-log parts

The DGLAP kernels P(z) have singularities at © — 1:

d(1 —x), 1/(1 — )4 plus weaker ones like log" (1 — x)

The coefficient of 1/(1 — )4 is K(as)

Similarly, the coefficient of 1/(z — y); in the ERBL kernels
V(z,y) is K(ay)

IR 1/£* divergences of form factor of massless particles
are also determined by K(ay)



Z =2, ()

~ 1N
log Z: N contributions ~ 1/N? each

UV — small distances, any smooth line is straight
The only UV divergence — residual mass ¥,(0)
Linear = 0



Exponentiation
QED n; =0
O<ti<ta<t,0O<t)<ty<t

0ty tht
Otf%??tx T
I st Y S
- o e
* * Ai?l * Wm
s = eXp(?% W(t) = ev®






Nonabelian exponentiation

2



Color factors

Tr taRt?% = TR(Sab taRt(]l% = CRlR NR =Tr ]-R
dabcddabcd

drp = 2R dared = Ty t(ath%td)
Ng
TrN
Trt%t%, = CxRNp = TaNy = Cr = 7;[ A eg Cu=Ty
R

Y, I without ng:
1 loop Cgr
2 loops CrCy
3 loops CrC3
4 IOOpS CRCEU dRA
At least 1 quark loop (ny) — anything
Up to 3 loops — Casimir scaling
4 loops — dra, drrny



1 loop

2
=1

2
SR
Classical electrodynamics (Landau, Lifshitz; Jackson)
o2
E=-"S"(pcothy—1
d 52 (pcothyp —1)dw

In any frame!

/ d*ko(k*)o(k - v —w)
(k- v1) (K - vg)

In textbooks

does not depend on v

1+u
1—u

1
gocothcp—lzz—log 1 u = tanh ¢
u



Dim. reg.
2w72€

dE = C(e, <p)62

(peothp —1)dw  C(0,9) =

Photon emission probability dE/w

o0 2 d
Fo1_ 0<€>/ € (peothy — 1)-%
A

2 277'2 1)w1+25

=1- 2%8(g0cothg0 — 14+ 0(¢))

(6%
I =4—(pcothy — 1
4W(¢co 1o — 1)



2 loops

Th
» Aoyama (1982) — wrong!
» Knauss, Scharhorst (1984) (ny = 0)
» Broadhurst, Gray, Schilcher (1991) (Z§)
» Ji, Musolf (1991); Broadhurst, Grozin (1991) (HQET)



2 loops

vy

Knauss, Scharhorst (1984) (ny = 0)
complicated double and triple integrals

Korchemsky, Radyushkin

Yad. Fiz. (1986), Phys. Lett. B (1986),

Nucl. Phys. B (1987) Referee: nobody will ever need
this; now 789 citations

3 single integrals

Kilian, Manakos, Mannel (1993)
Grozin (2004) 2 integrals via Lis 3
Kidonakis (2009) (only Lis 3)



3 loops

Th
> Melnikov, van Ritbergen (2000) (Z&)

» Chetyrkin, Grozin (2003) (HQET)
K
» Moch, Vermaseren, Vogt (2004) (DGLAP)
» Moch, Vermaseren, Vogt (2005) (form factors)
['(p)
Grozin, Henn, Korchemsky, Marquard (2015-16)
K(as) =4CrA
P(as, ) = QA 9)

= Cr | (p)A+ Caa(p) A% + C4Qa(p) A% + - --



CRCATFTLf



4 loops

color example | v, p<<1|T(p) 1L | p>1
CalTrng) | L |1 23) | v

CrCr(Tens)* | Lo | [45) 45 | v |56
CrCa(Trns)? | AN\ | 7.8 8] |+ | [6,9,10]
CrC3:Trny @ [11] 1] | v

CCrCaTeny | Lo\ | 8 8 |+ | [12,813]
CaC3Teny | AN | 18] | 18] — | 12.13]
dprny AN | 4] | 148 |15 | - | [16,17]
CrC3 AN s | ) 12,13]
dpa AN 8] | s [12,13]
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Conjecture

CrCa(Trng)* 3 terms at ¢ — 0 and ¢ — 00
known

CrCpCaTFny 2 terms at ¢ — 0 known;
© — oo was known numerically. Analytical
expression was predicted and later confirmed.

CrC3Trny 2 terms at ¢ — 0
Briiser, Grozin, Henn, Stahlhofen (2019)

dRan

Grozin, Henn, Stahlhofen (2017)



A sad story

A. G. Grozin, R.N. Lee, A. V. Smirnov, V. A. Smirnov,
M. Steinhauser (2019-20)

Tj\l\ﬁ/ﬁ\r
%ﬂ/ﬁ\?
e N an—
T~ TXT
¢ )




Sector in b2: DEs cannot be reduced to ¢ form



Yh

» Generate diagrams (qgraf)
» Partial fractioning = 19 topologies



XN XN

BANA

V7 AN

N

AEA

- ANAE S

/XN

DANZ\N

NEAS




10-12 Grozin, Henn, Stahlhofen (2017)
1 Briiser, Grozin, Henn, Stahlhofen (2019)
all Lee, Pikelner (2023)

54 master integrals









A N AN A
A A A

AN

AN AN =
A A4\




» 13 recursively 1-loop

» 10 3F5(1) Beneke, Braun (1994); Grozin (2000, 2004)
1 reduces to I' functions

» all: Lee, Pikelner (2023) DRA, ¢ exlansions



TYh — Vg

Y, V4 at L loops: up to a®
T =g (R =F):

» up to 2 loops — gauge invariant

» 3 loops — up to a

» 4 loops — up to a? (7, — more color structures)
QED

» ~, — only 1 loop gauge dependent (c-webs)

» ~, — only 1 loop gauge dependent (LKF)

Grozin (2010)

Y — 7 gauge invariant to all orders

The same for ng



Heavy-quark field: QCD/HQET matching

Q(u) = 2(1)ho(p)

Zn(ad" (), at™ (1) 28 (95 al )
z = finite
= Zo(al™ (1), atm) (1)) 28 (g5, al™)
Zzs( (nl) é))_l

Zg;(génf) al™) at 4 loops: 1/e* ... 1/e all known
analytically

z(p) — the same pattern of a dependence



[(p)at ¢ < 1

vV'=v+dév  dv=uv(coshy — 1)+ nsinhp

v-n=>0 n?=—1

Expand in v and average over n direction in the
(d — 1)-dimensional subspace orthogonal to v



[(p) = 452 coth — D] Crn-+ F2[Ca0 + Tieng O]
+ Cu(52) (R0 + Cuin) + CeTons0 + (Tons 0]

n (j—ﬂ) [CRC30) + dral) + CrCaTen; ()
+ CrOpCATens() + CrCrETrng () + drpny()
+ CrCa(Trnys)*() + CrCr(Trng)*() + Cr(Trng)*()] }
+ <Z7T) {CRCA() + CRCAZ_; [CA() + TanO}
#(5) [ene20 + dnat + cxcimons

+ CRCFCATan() + dRFTLf() + ORCA(Tan)Q()] } + O((,OG, (



N =4 SYM
Supersymmetric cusp ¢ =0
SU(N.), N. — o0
» By ezxactly in N.oy
Correa, Henn, Maldacena, Sever (2012)
>

[e's) NOJL L 0
I'= T - I'; = I'z,, tanh™ =
z(Q) L= >0y tan

n=1

I'y, known to L = 4
Henn, Huber (2013)
Arbitrary group B
Fiol, Martinez-Montoya, Fukelman (2019)
» I'11 O(yp): weight 2(L — 1), homogeneous
> T O(p?), Ty O(¢?): lower weights,
non-homogeneous



S 1 1
= ;I—go tanh f{C’R - —ORCAWOZS + ﬂCRCi(WO‘S)Z

(zoer-5)%)

Noagp* (13 Nas 2, 2 N o 2
+ or {———C?) < G5+ 7TC3—£ )(2%)}

+ O(¢°, a?)

Maximal transcendentality: Kotikov, Lipatov (2003);
Kotikov, Lipatov, Onishchenko, Velizhanin (2004)



Euclidean ¢ =1 — ¢

V) V)
) 47d
at 2 loops: Kilian, Mannel, Ohl (1993)

INCE)!

Conformal symmetry

ds® = dxj + dz*
Xy = rcoso T =riisind ds® = dr® + r*(d6® + sin® § dii *)
Ik 1 r=e” =01 ds* = e (dyg + d372)

conformally flat



Conformal symmetry

IR IR
Ly Yo
=
uv uv
o) Yo

2R
logW =T'log %
Lo

['(r—9¢)= _yV(S(y)
[(m—06) = (fj;(g)

N =4 SYM checked up to 3 loops



Conformal anomaly

*V (as(lq1), 7)

4r A (0(171) = PT(eu(q). 7 = 8)], — T
4 Qs ’ 4
A(Ozs) = 2—7ﬁ003(47CA — 28Tan) (E) + O(O./S)

vanishes when 5y = 0.



Conjecture (like the Crewther-Broadhurst-Kataev relation)
Alas) = Bas)C(as)

2
Clay) = Qi?cR(zwcA — 98Tymy) (O‘—)

47
d 79
+4Cg |:7Cf‘ — (5<3 + E - @) CATan
2 1711
—(1 ——— T
+3< %10 s )CF i

b B (2) o

Briiser, Grozin, Henn, Stahlhofen (2019)



Cra?, C%a3 vanish

Known Ffff = (Trns)?a2 in C = Typpat 6 — 0 —
agrees with the conjecture

Known I'ppp = CpTrnsad in C = Tpapat § -0 —
agrees with the conjecture

Conjectured I' 455 at 6 — 0 = C’ATanozi in C

No drpnsad in A — not explicitely checked yet



Kataev, Molokoedov (2022) conjectured

O(Oés) == Z Cn(as) [ﬁ(as)]n

Cn(cs) don't contain Trny
An arbitrary series
o0 o n+1
Cla) =3 Pu(tens) (52 (%
n=0
can be written in this form
» In P express Trny via

00 n+1
Qs
B(Oés) - nzzl Bn (E)
(Bn>1 is a polynomial in Trny of degree n)

and update P>y(Tpny) by incorporating this sum
» Repeat for P, and so on



At the N-th step, 3 kinds of terms appear:

> [B(as)]™ with coefficients not containing s
(m € [0, N]); these terms become a part of the final
result.

> [B(s)]™ times some series having the form (*)
(m € [1, N — 1]); for these series, we call the algorithm
recursively.

» terms without 3(c;) containing f>1; they are absorbed
into P2N+1(Tpnf).



Logarithmic term

CrC%atlog(6)/6 in T'(m — §)
similar to 3-loop log(ur) term in V(r)
T =ut

Coulomb gauge

g pl-2e

2
V(7) = —CF% V(7) = —Crrg L

» Ultrasoft tl ~ tg ~ t2 — tli Coulomb q ~ ]./(UtLQ),
transverse k ~ 1/t1 2 < ¢
> Soft tQ_t]_ NUtLQI k ~ 1/<t2—t1) ~ q



Ultrasoft: neglect k

ary T 4
A G g 3 29 L g5 1
LAY — f IGQQ = M = Zfaalazlﬁ()—
q.0a 0(q2)2 | 4y pl—2e
| |

a9 0

The ratio of W with/without transverse gluon
I+ Rus + Rsoft

T to
Rys = / dt / dty K (t1, ts)
0 0

J

1 9 9 gg 7’% )
Kty t2) = ZCFCAHO (4m)2r % ry %

« DY (u(ty — 1)) exp [—z’ / o AV(ut)}

t1



AV (r)=V,(r) =V (r) Vo(r) : V(r) with Cp — Cr — Cy/2

- P(Q ) —2+4+2
DY (vt) = 8(i/2 oY
(vt) =8(1/2)* 55, (dm)2—
6
_ 2 90 4e,2e,2¢ —242¢
K(tl,tg) == gCFC’Aﬂl (47T)4U tl t2 (tg - tl)
. 2 42e 2e
——C 0
X exp 4 AKV047T eul—2

1 Coulomg gluon between t; and t,

; 8 t25t2s t2e_t25 to — t —2+2¢
KO (ty,t,) = —ECFC',‘QZ;@ 9o 1t (157 — 1°)(ta — 1)

(47T)5 cul—6e
8 TSE
RU — — Lt 1~
us 48 Fa 3(4 ) g2q,1-6¢



Soft t2 - tl ~ UtLQ < tLQ

V() = cCpcd B

188

TSz—:
Rp = =i [ anvun = —iecs 0y B

185
0

RM = RY + RY): 1/£2 cancels

878 kau® — kyud
RM — C c3 90 3
"UA (4m)p e2u
_ LCch g (1) (uT)* log u + const
= A
4m EU
a? log u + const
Al = ——CFC3 g—

3 u



To Buclidean pp =7+ 1oy, o = u

1 5, atlog d + const
AT (7 — 6) = fgcpcjggf

Grozin, Stahlhofen (2018)



Abelian structures: 2-leg c-web
Set S of color structures

1. the contributions of the color structures Cr x S to
bare log W are given by 2-leg c-webs only

2. no color factor C' ¢ S being multiplied by a color
factor in Z, can produce a color factor C' € S

o0 2
174 v —~E 6
DY(k) = 3_ds”Dr (AT Ao =7 i
L=0

Dy (k) =

i T(l-—w) 21

D@ = Gt v u= o) oty

X [(1+2(u—5))g““—2(1 —u) u=Le



HQET field

Coordinate space

0 t 0 t
wg(T) = Z dfgL_l)wL [A (7’/2)26678}L
L=1




%\ = /\ x Vs(t,t', )
J— /t/_,Ut

(1,7, ) Zd =Dy ('/7,9) [AO(TT//4)5€75}L

VL(1, ) via oy Grozin (2018)



Momentum space

Vi(1, @) via o Fy Grozin, Kotikov (2011)



Potential

=y




Leading large 3

S = {(Tpns)", L > 0}
QED b= fy—n~l 1/By<1
4

Q = Ho(kZ) = H()Ao(—k2>7€ ~ 1 HO = BOD£€>

dlog Z(b) b Z.(0) 1
dlogh ~ e+b ol 1+b/€

NN




HQET field

> () +o(3)
= (—2w)D(e) ") 5 (—2w)e /0

e = 55 = 2237 e
=53 oo %)



Coordinate space

Bo i 2
fle,u) = Z@L) = %e TD()/ @) 7_6—7—5/6
0 KR ()
f(=b,0) = f(=b,0)

h(b) = —6[?0%(17) 4 0(%)

(1+ 2b)°T(2 + 20)

Y0(b) = (1+0)2I3(1+b)I(1 —b)

Broadhurst, Grozin (1994)



Cusp

o = L
o 5 L
_ 1 f(e,Ls,sO)( b > +0<—2)
OL:I L €—|—b 0

L'(b, ) = 4(pcoth o — 1)[))0 o(b )Jr(’)(ﬂl())

L (1+)Te+ )
To(b) = f(~b) = (14 b)I3(1 + b)T(1 — b)

Gracey (1994); Beneke, Braun (1995)
coordinate space — similar



Potential

o (4m)4/2ee .
— BoD(e) ()

o] b L b [e's]
S = Zg(s, Le) (5 " b) = an!g%b” + O(e%)

L=1 n=0
g(e,u) = D(g)"/® Z Grme"u™
n,m=0
u 1 /5\"
9(07U) =e€3 Jon = m(g)
., (47r)2 b < 1 1
Vv = —Vy(b) + O = Vo(b) =
(@) =~ 235 Vo) g 0=



Next-to-leading large [
S == {CF(TFTI,f)Lil,L 2 2}

= Mo(k?) + I (%) + (9( ! )

Bo B
(k) =3 ) @HO(H)L
L=2

35 (1) Kotikov (1995); Broadhurst, Gracey, Kreymer (1996)

b? 1 2 Epo(—=b)"

b)=b+ —DB1(b) + O = Bi(b) =3 ——
s =+ gm0 +0(5) B =33 e

Palanques-Mestre, Pascual (1984)



HQET field

ZARNPAN

L=1
L1
Zal 3e L—-L ’ :| 1
X |14+ L—+ — F(e,L'e)| + O =
[ Bo 50;:2 L ( 5
b:

y1(b) up to b° (8 loops) — Fym up to n+m =6 ({53, but
cancels in F51 + F42 + F33 + F24 + F15). Grozin (2016)



Cusp

[(6.¢) = 4ot o~ )| 2Tu(t) - ggn(b)} +o(;)

['1(b) up to b° (8 loops), the same combination of F},, with
n+m =6 — (53 cancels. Grozin (2016)



Potential

bo\L
V(7)) =— ﬁoq 5ngL5( +b)

L=1

Zal 3€ L - L ’ i
{1 +LE EL,:Q 5 F(E,Le)} + O(ﬁ&)
Vo(b)

o -] vo(z)

V1(b) contains only gon, Fro, Fom — I = (u
Highest weights: 3,3,5,5,7,7

V(q) =

b2 b3 1
C=—0Cyb)— —=C(b Ol =
B, 00) = gz Chilb) + <53>



Abelian (Tpny)!

S ={1}yU{Cr "Tpny;, L > 1}
I, = ﬁL,lnf + (n?l terms)

D" (k) = D" (k) +nyp Y T, 1Dy (k)Af + (n}" terms)

L=1



Br-1

M, , = . + 1,1 + O(e)
_ 4 _ _ _
50:—5 fr=—4 By =2 B3 = 46
Gorishnii, Kataev, Larin, Surguladze (1991)
_ 20 _ 55
My=-2 T =160 — =

0 9 1 G 3
_ 148 143
I = -2 (80C5 - ?Cs - 7)

_ 31
Iy = 22407 — 1960G; — 104¢s + -

Ruijl, Ueda, Vermaseren, Vogt (2017)



HQET field

L

(w) = iy Ag(—2w) 7> +ny Y T _gtip [Ag(—2w) ]
=2
+ (7! terms) + (ws2 1egs terms)

ng - BL—l « L 1
Lo =1—— — | +(n7" terms)

00 L
(& Qs = ) Qg
Y = _QCRE |:3+TanE Z(SHL_BL> (CFE) :| + -

L=0

coordinate space similar. Grozin (2018)



= thp —1
V() = —25=F— 4 V(p) + O)

V(¢) = V(—¢) does not depend on L = [;_, cancels

I'(p )_4CR(gocoth<,a—1)4 {1+Tan—ZHL<CF )L1+..

coordinate space similar. Grozin (2018)
Potential

4o, s e — Qg L
—_ L+ Tong o2 31, ( Cp
V( ) OR q |: + an47‘r L<CF47T) :| +

A: CE~'Trn; absent to all orders =
C(as): CrCE'ak absent to all orders



2 more 5-loop terms

We considered CrCE™"(Tpny)"at
The only missing 5-loop term CrC3(Trng)?a?
S = {1, TFTLf, CFTFTLf, C%Tpnf, C’%(Tan)Z}

abed Jabed
CZFF”? dpp = —dF i
Ny






Ths F(SD)) vV
» L3y from time immemorable
» NLp, Grozin (2016)
> CrCE*Trnpak Grozin (2018-19)
» CrCE(Trnys)*al

abed jabed

&
BNy



C(O‘S)

>

>

\4

vvyyvyy

Cr(Tpng)?al in T(6 = 0) = Cr(Trny)*a in C =
CrCa(Tpng)?al in (6 — 0) agrees with the conjecture
C’RC'F(Tan)zoz;l in F((S — 0) = CRCFTF’I’LJCO[E inC =
CrCrCaTrnsal in T(§ — 0) agrees with the
conjecture

CrCuTrn faf;’ in C follows from conjectured
CrCa(Tpng)?al in T(6 — 0)

drrnya? cancels in A

C’RCI?_QTanoz;: cancel in A VL

Crd@“dy* /N anjal cancel in A

CrC%(Trng)*a2 in (6 — 0) = CrCETrnsat in C

S



NLJo




Conclusion

» 7, is known to 4 loops

» () is known to 4 loops up to ¢* (for some color
structures, up to %)

» K is known up to 4 loops

» drrnsal in F(gp) is known

» CrCa(Trns)?af, CRCrCaTrn ol are known from the
conjecture

> C’RCATana C’RC’Aa dpaca? are not known

» CrC:(Trns)?al, C dab‘dd“de/NAnfoz:? are known in
Yn, I at 5 loops and in V' at 4 loops

» Cr(Trng)F'ak in v, I', V are known VL

» CrCr(Trns) 2ak in 4y, I', V are known, in principle,
VL

> CRC£_2TanaSL in y,, I'; V are known up to L =5



How to formulate the conjecture consistently beyond
Casimir scaling? Why does it work for CrCsTrn a2,
CrCa(Trng)?at, CrCrCaTrn a? Why does it fail
for CRCATrn al, drpnsal?

Why are Z, vn — 74, 2 gauge-nivariant up to 2 loops,
linear in a at 3 loops, and quadratic in a at 4 loops?
Does it continue at higher loops?

In Z§ at 4 loops all coefficients of e™" are known
analytically (some €Y coefficients are still only known
numerically)

Principle of maximal transcendentality works for the
Bremsstrahlung function and light-like K up to 4 loops
Why does it work? Is the maximum-weight part of v,
related to renormalization of an end of a Wilson line in
N =4 SYM?



» How to define A consistently, in spite of logd terms?
How to sum highest powers of logd in § I'(m — ¢)?
What if we sum over the number of Coulomb
exchanges? Is A(a,) = B(as)C(as)? Is it possibly to
calculate C'(ay) (or A(ay)) more directly?



