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Introduction



Forward Scattering

Focus on a special region of kinematic phase s
Forward Scattering limit.

Hard Scattering limits ! |[t| PS> Pa—>
Forward Scattering limits " |t| Aq
s=(p+p)S t=0=(ps—po)° P>~ “ pi>

Ps , P, Separated by large rapidi

s=4k? cosify, t="2k?coshye ¥, u=" 2k?coshye
I ) 1 ) . ! S

t-channel exchange dominal



Forward Scattering in Scalar ! 3 Theory

()t "(pP2) " (p3) + " (Pa)
Regge behaviour observedder oo andt Pxed M 9% sa(t)

Sum inPnite set of ladder diagral P : Ps = P1 + G

Rungs of the ladder on-shell, legssbell by $1, | |
particles strongly ordered in rapidity. o

Yo > U1 >>...>>yn;]€u_2kj_

X1Xs ... XnS + D (Xi, Vi, t)]" o ; b=

g .
ﬁ[#(t) In(s)] 11 ()

M | InN"s" s
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Also Include cross-box diagrai n=0

[Polkinghorne; J. Math. Phys. 4(1963) 503, 1393, :



Forward Scattering in QCD

This is a concern in QCD

I Breakdown of perturbation theory.
: .
S
l. <1 !'¢lIn — ~1
Regge behavior in QCD is described by
Balitsky-Fadin-Kuraev-Lipatov (BFKL) equation.

1 ! S 4Ca=2In2

ASS o

This corresponds to leading log resummation of termis {)"

Other smalilx resummation formalisms: BK, BJIMWLI
the dipole approximation, multi-wilson lines EFT, elc

Balitsy, Lipatov; Sov. J. Nucl. Phys. 28, 822 (1¢

Del Duca; hep-ph/95032.



Looking for BFKL In Experiments

ZEUS Collaboration / Nuclear Physics B 627 (2002) 3b28

Fit tor total photoproduction cross section:

' rorrr T
T | : B ZEUS 1996
ot — € ! ~ _ [OHI11994
# - X S + YS /r] gjbg L + low-energy experiments
TP e DLOg

[ZEUS Collaboration; Nucl. Phys. B. 627 (2002) . | —— ZEUSHi 4l

Regge behavior observed in the d
I'10.08.

130 —

BFKL Leading log solution gives
| =4Cp" J/#In2! 05 for" 45! 0.2.

Naively including NLO correctionsto BFKLgnN  ©

| = 4CA" J#In2(1" 65CA" J#) < O. | ‘ W Gev)

Looking for BFKL In experimen
IS a very challenging problem!

Other signatures of BFKL: F»(X, Q) structure function
measurement at HERA, Mueller-Navelet jets.

[Ducloue et al.; arXiv:1407.51



Soft Collinear E ! ective Theory

Sudakov decomposition (light cone coordina ' -
n
§l

n* =(1,0,0,1) ® =(1,0,0,! 1) p”=3ﬂ-p+ — NP+ P

t=np=p’-p° _
P nbER TR M= ,p,b1)

p =np=p°+p .
pP=p'p!p°’

P = (0,p1, P2, 0) .
Loco ($,A) — Lscer = LS ($5,A5) + L& (%,, A,,)

. ni
Power counting parameter :!.

d_
2
Symmetries of SCET : Gauge invariance for each sec- P # $ S(# 1, #)
tor, Lorentz invariance gets partially broken, disc@ger Ds #H S(l, #2’ #)

symmetries of QCD. _ 5
P # S(1,#°,#%)
Modes : Soft and collinear quarks and glubrsAs, #, , An,

SCET lectures by lain Stewart:
http://courses.edx.org/cdx/MITx /8 EFTx/asset /notes scetnotes. pdf



Modes in SCET

p& @7; ) Hard interactions are integrated out in the effective
) 4 theory. All the hard physics is then encoded in the
matching coefbcients

p/, i 3o (6) = 0X) ! #q(x)
T Ogg (B1P2iX) = &, . ()1 L (%)

J(/;;(:D (X) = Z /dSpldBpZei(pl! p2)e) [ngﬂ_" O;'@ (P1, B2; X) + C59#$ Ogﬁ(pl, 92, X)]

ni,n2

p~ QA LA

Soft particles with O( Q ! ) momenta can knock
collinear particles off shell. Not allowed in the SCET

Lagrangian (without operators for Glauber and hard
Interactions).

Interactions with collinear gluons are allowed




Formalism
q@ Forward Scattering Example



Kinematics of Forward Scattering

a(pn) + @(ps) — a(p;,) + A(py) The momentum conbguration we want for
p, forward scattering:
Mo o | 5
| - | |
B-<-¢—<- B Po ! Po ! (Rig 195 Rig)
¢qnn p*  p p-
> —® — > — - | 2
A :» ¢ ; ' pﬂf ' pﬂ I (!n9$1 9;,__'&$1 |%$)
Pn P, ) | "
P % P
I+ _ _+ + B B B
pn _ pn + q p,ﬂ p— pu | q
/
S + 2 Mo Pw
§¢q’mNQ)\ - <=
——> - - > — - . _
A | dnw ~ QN
Pn P., :

din ! (QA,QX*,QN) Py ! oy 5 | Do



Forward Scattering Operators

¢s! (QA2,QX2,Q)) o >q q Pe Po

The QCD matrix element is given by:

Y e :i{an%TB u} {! Bras ()35 } {%

d

%chu} [ S S

2

Suggests the following form for the SCET scattering amplitude:

M scer =!a(P) d(Pq) | Onsn [ A(Pn) A(Pn )"

1 1
Oﬂgn{ . OqB OBC OqC

P2 P2
B h
O%B = l‘nTBE! " 0d° :yﬁTngﬁ

P!“ Pp(x) = pfl Pp(x)

picks out the O(! ) perp label momentum

03¢ I 81" #CPf
(for no soft Pelds



n-s forward scattering

q(pn) + @(ks) ! q(p,) + @(ksy)  Glauber exchanges can also couple
soft and collinear IDeIds

L | Pt Pt #$ n--%s’ .%3;)

ll__y_i._y_-ll kS ! k!s | (!Q/_.fl$1 !Q/:/fl$’ |Q#!$)
p* P PL

Pn P,
pn = pn t g ks = ks ! 0
. K
¢O;”I Q!Z S ?? ? S
n--p_:;g_%:_ 1 §¢QSnI o)

gl ~ Q7,00 ,QY) Py b Py kK



Forward Scattering Operators

n-s forward scattering is then 1 K %
described by the following 0% =08 — P Q9B 5 _5
gauge invariant operator: S > @—> S
%] _ h :
OﬂB = rnTBEI n OgnB :87TC¥S(¢gTB§wg> * ¢qsn
Thus the Glauber Lagrangian is given by: - —>» - G —» — -1l
? —|>
II(0 - —7- N\ — . -~ .. n .
‘CG()_ e za:73>4 >4 nsn+ o z:z:73> > O:i?s P,
n,n 1,7=q,9 o 1,)=4¢,9
1 1 .
o —iaP ~ 7,B BC iC 4 oz P D zB_ JnB
Yy o 0 p7 —-0) Yy o o
N 1,J=q,9 n 1,j=q,9

Summary of all components of Glauber operators:

a(P+pP )B°H
a(P+P B!

B B b B _ i ¢BCD C 1]
oF =1t T 5 In OF = f Briy 5
Q8 B h gB _ i¢BCD pC n
Olﬂi - 1_|gsT If I (7] Olﬁf == Ef Blﬂf! 5
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OMB =8#s $2TPLS
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Sublabel Momenta

Consider the case of gluon emission The routing of soft momenta should
from the mid rapidity operator: preserve power counting

Pn | !

u—n—<— —0——4——pfu P Py (!"9$’ Q;#é !qu'$)
g" = o + k" n2“ kiik+’k! S %‘ "] qQ-

LU s ks ~ (B, Q1', Q! )

I — ’M| k n;u : \:/\'/\p/
g i 2¢E g g /U
N-— > - @ ->» -+ Il ‘l' .

Pn n

" (Rig P95 Rl
p* P P

Introduce labels for routing O(! ) soft momenta on collinear and soft operators

, d?q
JaxLi® =3 3 [loe1y /dq 40/ (a)0,a.6)0) ()

n,® 1,j=q,9 kt k'

_ /[dx]Z/dq' “, (@)0"A, (—q).

no1,9=4,9




Features of Glauber Potential

We describe the forward scattering regime through a non-local Glauber potential
Instead of trying to introduce a mode for the off shell Glauber peld.

8mas
Vo(a )= # mél,g(u)
thn ! (QA7,Q)A%,QN) 0 >dq q
.

This suggests that the Glauber exchange
does NOT resolve the longitudinal x* and
X- directions, hence instantaneous in
these directions.

Connects Pelds living at two different
rapidities, but same invariant mass.

What are then consequences of such nature
of the Glauber potential?

[

Mo Pa

—> —>
0 ——<——?——<——- 0

§¢Qnﬁ

[ - > — -

— _P

Pn o

@Il

different rapidities

+ A 2 ]

prp ! Q ®




Rapidity Divergences

Consider the box and cross box Glauber exchange:

Pr — K | p. —k |
Pe —> Do Mo —> P
P-—<-@ < -@ —< - P--—<-& < -9 < -1
K + CI¢ Tk k+ﬁ\/f
N> @ -> - —> - - > — @ >~ = I
Pn — pn Pn — Pn
Pn *+ K P+ K
k! ’q! I pn
dd—ZkL
I — - ) k+, + | +
o= | )42() (k. + 1,)2 T b

I 1./ dk* / dk~
2] kt+ph+ ! a(pn k) + 10 k" p + ! g(pg. ko + b)) "0

| _ j/ dd_sz
T ) ryd2(k2 (ko + 1,)2

| }/ dk™ / + dk—
C2) Kkt +ph+ ! a(pr, k) + 00 km+ py+ ! oa(ph ko )+ 00

These integrals cannot be regulated by dimensional regularization. We need to introduce a
regulator that distinguishes modes at different rapidities.



Rapidity Divergences

X1 X2 Potential static in the
—> longitudinal distance:
B - <-¢ <-¢ <- 0 -
K+q | : Ak Xy = Vi, X] =y
: pn+ K : . + _ ,t
[N ——->-@& - >-0& ->»--]] Xo =Yo,X; =Y
yl — y2 O ° O(! 2

drop these terms

n-collinear propagator: %

2 (pf + k*)(#@!.. + g ) ! k2 + 00

O(! 0) O(! 2)

The O(!2) Glauber momenta gets dropped. To regulate the k * divergences introduce
a slight dependence on the longitudinal momenta, so that the Glauber exchange is

no longer instantaneous in these directions

For every Glauber operator insertion insert this factor to
make the Glauber exchange no longer static in the W2 = W2

longitudinal distance, but only in the limit " ->0: 12k, | k' 1 k]!



Rapidity Divergences
The cross box diagram is zero with this regulator

0
SRS S S a2k, s o
k + q¢ Tk Gbox = (21)¢ 2('|'(..2 )(T( )2 Lol (#)

P k .
Po Pr — O Same as the result stated earlier from
i+ a\ /z lecbox = O PolkinghorneQs calculation.

M- —» — '— > - '— > -1

Pn > Pn
pn, + K

This allows one to just consider a series of ladder diagrams. Diagrams with one or
more crossed Glauber propagators are zero

B~ <@ <@ < <D

k1+q¢ E...f ¢ Kn

- > - - > - 0——6 N , "
1 .

= 2(1 ig?)N " Sy I<N>(q. ) e YOO

' dd 2k - '&d" 2k | !! 2'\N +1 b
I|(N)(qI ) - L 1 1 al.la , ,N .I ( u ||) 1 nog — Wn —Un %EVQ
(kpy + 6 )2(ka ! kp)2aatkn: ! ke 11 )2k, 2 2




Rapidity Divergences

One can see the exponentiation by doing a Fourier transform to the impact
parameter space:

B - —<- 9—-* ¢ - -0 —< Q——*—-u
FT. katal ]!k

N> -@->-@—-@->—-@->—-1

1
" (N+D)

[ip(b,)]" l2sn"

bdl 2 (" 2"\
o) = T T4 g [T o &

The sum of all the Iadder diagrams give

/dd 2q €l b Z G.Box% (g )= (G(b ) —1)25""

G(b1) = lei#(b! )

G(g )= d?n eittd g#bh)



Rapidity Divergences
Rapidity divergences also occur in loops other than Glauber exchanges:
A general feature of the SCET, theory

Lo I
On factorizing a matrix element into soft and |
collinear pieces one Pnds rapidity Aecoll
divergences that only cancel in the sum: AR = .
@dkt T ' dkt T 9 dk?
| = | +
. k+ " k+ ! k+
| | AQ-}-
" dk? @ dk*
| + 2 | n
pr k* ! K™ A -

To treat these divergences we include
modify the momentum space Wilson lines:

3 gw? | @ Py | # acts as a rapidity cutoff. wis a
Wh = Z exp |! g-P 1! - An bookkeeping parameter
perms
_ Cogw (2P 12 w2y = 1 #wR(), limw() =1
Sh = Zexp.n.P 2N As " o
perms i _




Rapidity Divergences

Incorporate rapidity regulators in the Wilson lines and in the Glauber Lagrangian

" # g $w|2P 2|12 %& " # g $w|2PZ|! e %&
S, = exp P T2 naAs , Sg= exp _—y IE BaAs
perms perms
# $ %& 1] # $ VAVLIS &
_ g w?|lpaP|’' |, ~ g wW3napr|'
W, = exp AP T B aA, , Wy = exp AP T n aAg
perms perms
! n n ' n I d2 d2
11(0 g a-qg
d*x L = [dx™] s OA#BIC (q,0 )
.8 i,j= q,9 kit kel @ G |
? %n 2V il ¢ 7
zA 2 B
X O k! (C]I )W EE $ O;)k#(—q. )
11 111 I 1 I d % ()/ k# #
ql 1A — QLS r —l— N a. nA
+ [dx*] ra Oy (O )W2$ 3 o'y (—a)
n 1,j=q.9 ki



BFKL from Glauber Lagrangian

We are in now position to write down
cross section for forward scattering

Lpprt x ~ > (PP U 41X ) (X |Uie,1)PP)
X

Uk koyefers to the term in Glauber Lagrangian with k n-collinear operator
insertions and kO n-bar-collinear operators.

/ d2q d2q
Vo =i flae) 3 [ 0% 00)+ 0% @)@ [0 ) + 08

$ Os(1 1),— = (gL, 7\ )(%, 55/) -
Os(1,1) contains a single insertion of the 3-
rapidity and a T product of two 2-rapidity
operators.

For this operator we can factorize the cross section by splitting
the Pnal state into different rapidity sectors:

[X) = 1Xn) [Xa) [Xs)



BFKL from Glauber Lagrangian

The cross section can then be manipulated to give

Lot x = &g &g Ca(df, p™ )Sce(a , g )C. (o7, p*)

N
We have factorized the cross section by separating the — @-collinear =—
collinear and soft matrix elements of Glauber bt o
operators. This factorization holds for lowest order

graphs that give Leading Log BFKL.

Cn(g ,p*)!  (2)*3(Px, " ¢ )"(P{ " p¥)

i '=q,9 Xn
#$p|OLA (0)[X %%, |O™ (0)|p%

Sc(qL:d1) = 12 q/zz 2" )4 (gL ! ¢! Px (¢! Py )#d + Px)
1

"#0‘08(1 1) (qJ_7QJ_) | X $H ’Os(l 1) (QJ_7QJ_)‘O$



BFKL for the Soft Function

We can derive the LL BFKL equation for soft function
by collecting all the rapidity divergent pieces for
either purely soft or collinear diagrams. We choose
soft here:

0y i A

Tree level bare graph: O

ay: |

N
4 S|S i ha
Real radiation: STITTD | TTTTT® A% wer
G | iAdg ™
Virtual corrections: .
AN AN

4 suzeas A4 g%s do | Caa, op

2 . 2 ¢ +2 ¢ = o2 W5
gy | % | it T

(k. —q)2

— S((;())(Cu, ql) =(8!" S)(Nc2 —1)(2! )2#2(% - ajl_)

SO (ki q))



BFKL for the Soft Function

Putting the pieces together we get:

Sbare (q ,q,# ) _ S(GO) (q ,q# ) n % Ca W2l (%)/(k d?k- [S(GO) (k ,q# ) _ _'28(0) (q ’q.# )]

$2

The bare soft function is then renormalized:

Se(b, b,") = d°ky Zs.(qr, ki) Sk, q))

L7 20 w?(v 1 ko/ —’2
Zso(qu ki) = 02(qL—Fky)— =2 s )[ ]

= —6%(qL—k /
w2 1) (k1—qL)? () 2k 12 (k] — C]L)2
This now allows us to derive an RG equation for the soft function in rapidity space E

d d . ..
0="—Sg"%(qu,q))= " ki Zg (qu, ki) Se(ke,d),")
d d

CH _ d*ki ' s.(a ki )Sa(ki ,q ,")




BFKL for the Collinear Function from consistency

E and the RG equation is precisely the Leading Log BFKL equation:

: | . . , -
"ESG(Q! ,q;' ’..): 2CaA % (1) dzk! SG(k! e )I q! SG(CI! G )

d” & ki ' )2 2k ! by )2

Through the consistency relation one can determine the RG for the collinear sectors:

!di! d?q d?q Ca(q ,p*)Sc(a ,q )Cn(g ,p*)=0
" 1 "
!C(q!1q!):"§!SG(q!1q!)
d Ca#s | “Cn(ki,p*,") ., #FCh(a,p*,") "
! Cn | #," = " A d2k| :
d” @.F.") $e W )2 2?(? ¥ " op)>2

This i1s an important result since the same collinear function
appears in the DIS cross section in the small-x limit.



Application

Small-x Deep Inelastic Scatterinc



DIS Kinematics S = (Pe + P)?
2

e(Pe) + p(P) ! e(Pg)+ p(FPx)

¥ We have the same scaling for
the momenta to give us the
forward scattering conpPguration
Q% <<s,

¥ The Photon is treated without
expanding. We have two QCD
rapidity sectors now.

¥ The more interesting piece
has a soft sector at the scale

Q.

¥ BFKL arises between the Soft
and collinear sector.

¥ Even the direct piece has
BFKL between soft and
collinear sectors, but it Is at
the scale ~$ ocp, not at Q




DIS Kinematics recall the [3ow of momenta:

Fixing x and Q2 implies:

: 2
S =1Q° oo 0, @ ot Po (!--%,R?!%, Y
TR ; > xP' T x s p*  pt P p
2 y q
o e | X3
B — _ 19’ p+ D' D
q y ﬁ/() J |'_X ﬁ&)n%% \l: q/p
EE~O()) O(A2) o) ! ,
(_) ( ). P! P! (_,5#3;, Qg !Qi'$)
X bxes this Q2 bxes this N i p"

Power counting:




Small-x Factorization of Hadronic Tensor

Here we sketch a quick derivation of the factorization of the Hadronic tensor:

d! ’ .
dxdQ? ~ Ll (6 QAW ' (x,Q?)

I '=V,A

Focus on the hadronic part:

WH (x,Q?) = d'x" & FPIfcp (0)1X "X Hgep (X)IP”
avg.spin X

IX |38 (X)IP" # 1 XnXs|TIgep ()i d*xLg (X)|P"
! !

n - + " " I 5

dx™ dx (212 d?q,

__ 2 |
] =40.,9 k'

X0 Xs|TOR 0 (0 )OI A, (8¢ )(%)Ibep (X™)IP"

To be able to factorize the matrix

element strip out the O(! ©) momentum JHI (x") = N L ‘]soft( x")e" 2 z" P
from Jocp so that it only has O(!) soft P ‘o o
momenta left: — e37 LR L (X )em 2



Small-x Factorization of Hadronic Tensor

Steps that follow:

¥ Power counting allows us to drop the soft momenta label on the collinear
operators.

¥ O(!?) residual momenta can be dropped everywhere

¥ The k- label on the soft momenta can then be made continuous

¥ Apply momentum conservation

2o ) ) _ |
WH (x,Q%) = —LC,.(q,,P~, v, Aocp )P~ S* (., ., xP ~,v) 1+ O(X)
|
S 1 C o o
SMV(qL, qJ_1XP 1') ! W (2#)3$2(qL qJ_ P)J(_S)$(q PXS)
L X "
! y .
# T  d% 0P (x)IM(0," q.)|X %%, [T  d®x O A(%)IZ (0,0,)|00
7,3'=qg
! !
Cn(d,,P7,!,! gcp )P~ $4" | (2#)3$°(Px, " 4Py " P7)
spins X,
! / / .
# $OL 4 (0)|X . %% ,,| O4(0) |P %

1,1'=qg



Sum logs of x

d! "2 s L (Q)WH (x, Q%) o

dxdQ? 2x2s2 Q2

Ny :I:y 2x
W, —(1 —y) F
(P' ) p! e 2@2 L T+ QZ( y) 2
oC) ooy
2 ! 3
o, & WH 2
F2:Q ik + ..., Fp= xsnﬂn!W“!

2xs

F>,L correspond to taking appropriate
projections on the soft function S*#

> also has a contribution from a direct
piece that is shown later.

Q° d*q. 2 G Vs
FZ’L(X"%CD) q2 gz e\ 4 i) ! oco  P*
d2q S des Ve g! Vo
/ 12 ||2 SZL(Q q xp # )U (VS,VC;q q )C (!QCD’P#)

Here the logs of x are related to |
rapidity divergence and are InX =1In —
resummed by BFKL. Y




p-Factorization of the Collinear Function

~—

L e
We assume that | ~ Q Is a perturbative scale Ch y
and hence we need to resum the large logs in 'A%_@O .%$%
. . H3%
the collinear function ~1
>1
. ZJ_ VC TT 1 . ZJ_ VC . M A 4 . ! CD VAV
Ch —— 5 = deH, — = f &, 1+0 —
#, #, s - |
_ 1 vc Kj / L
- df e, 44 ) U (MH7/’L! 7£)f fa
0 o &7 oy Pgg TH J ' ocp

p

Here U does the DGLAP %resummation
between the matching coefbcient and the pdf.

The arguments are bxed by noting that all the objects
appearing in this equation are dimensionless, and
hence can depend only on ratios of various energy
scales and dimensionless parameters




BFKL at the scale of the pdf

ae)
1
o
I

 qco P 0 . P olels ,

[
o
\
T

We note that for the choice of #c = P-, the logs of x on the left hand side are
resummed, but we are still left with logs of & and &0.

This requires a further factorization
In rapidity for the H and the pdf.

1 llC I'/ B
n-=In =, "¢=1P
- S
Inizln O wr—p-
/ I y S -




The Direct Piece for F2
F> also gets contribution from a direct photon exchange with

Glauber scaling. This piece has no soft modes at scale Q by L
debnition. We denote this piece as 'F(x,Q 2) P! !
e Pe
| L, " 2 ¥ B___>__§ T é_{:—__u
_ < LM q
A-F(ijQZ) - _H{ RV Y) fz(znu)
i=qqg © z Q n———>— ollinear » - -1
) —>
P P Px n pPr
The logs of z in the pdf are resummed by a Y
rapidity factorization at the $ ocp scale:
- d%k " ki ¥
(z, n) = C — . —

One can see that the bottom part of the diagram is same as before - hence get the
same C, but this time it is non-perturbative. We are here mainly interested in the RG

running for % and #of the pdf. ? S ? Quark DIS operator
3o




Solution to the BFKL equation

One solves BFKL by bnding eigenfunctions of its integral kernel:
! ! " #
P Kere (L) @)= = 0% @) ot )
1L KBFKL I, 1) = — = = 1)— =T L
| (IL —du)? 297

Eigenfunctions: T (b )=(f?)" " «

I
30[

dZQ! KBFKL (|, q)q!Z(! " 1)ein"q = $(I’], ! )|!2(! " 1)ein"|

20[
10F

$(n, #)=2" (1)~ (#+ %)— (1—#+ %) B

_10F

For our case n = 0, since thereOs no angular dependence.

Using Mellin's inversion theorem we debPne ( transform as :

cCITI R (AU AL I
| ) = : : L LI = ' I
a(!) TERRTE g iR g T Ly 2B 0 a(!)
Then solution for the BFKL Kernel is given by
2 172 v T Gy 1 ey % f 2 1 '?
9 9 — 5. € o = " TS
pe’ p? vo L oo 2mi T 1 1



Factorization in Moment Space

Using the solution of the BFKL equation we now have

Wi = p! ! 1dI B+t g f_#| | ~DU1+" $C\DH_#,, % Pt @{349"8“!#' S D

f - . . A L 1$— J ’IP! —2 1q#’XP!

i=a.g 0 %! i 2#| ! QCD S ! M
Where we have debned: U- | ,"_C _ }el SCA | ("YIn Z_c;
T T s 7

PP uz 2 b ap!

! # 1 ! ! " . .

I "¢ 2P od 12 'C " S o 4° s "s
T T o e S e D oge g S 0 5er
Now dePne N-Mellin moments with respect to x as:
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Consistency between g and v RGE
BFKL for H gives
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DGLAP for H gives
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Combining these two equations and taking N Mellin moment we get
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This dePnes N as follows: N | ———#($y )
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Consistency between g and v RGE
Hence at Leading Log accuracy we obtain resummed gluon anomalous dimension:

He(!no1) In ! Fg(N) + Hg(!n,1) ! Fg(N) =0

I
Ho(!n,1) P Bu(N)  + Hg('n,1) !'n ! Fg(N) =0

Following similar steps for the direct piece ' F yields:
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g,g Sy(!n, 1)+ g,q Se(In,1)  =S5(!n, 1)
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N P T
=Sy (In, 1)+ qlq s;(!N,l) = S,(!n. 1)
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Pyy(N)=vn, SI(y) = Tjj(N)Sg(WN)
The prst is same as we derived for H. The second 1] (N )
proves that at the lowest order in small-x the quark pdf | F, = | ] f g (N )

IS directly related to the gluon pdf. | N



Final results for structure functions

Hence having resummed the leading small-x logs we now have
following relations for the coefPcient functions:

(N) = CI(N)(N),  FL(N)= C/(N)R(N)
Where the coefbcient functions are given by:

Cy(N)=Sc(! V)R(!~N)H (!N, 1)

CI(N)=S(! v)R(! M)H(! v, 1)

S.((n) and Sz((n) are the moments of our soft
function. n¢ is the number of quark 3avors



Comparison with previous work

¥ This problem has been long under _ _ N
investigation. First resummation for the 2P| Kernels for collinear singularities:

coefbcient function: Catani-Hautmann, 1994

¥ Diagrammatic approach.

¥ Their approach involved solving the n=4+2!
dimensional BFKL eqn. to keep track of the
IR divergences, as they deal with the small-
X resummation.

¥ Not gauge invariant (at least not clear a

priori). .
N 1 / \Q l d 2\
¥ Deals with bare quantities, unlike our *\\ | //ﬂ NN ///
factorization theorem where the functions in 0 - 261 .
our factorization formulae have been f
renormalized. . + l \1/
P | ’ |
¥ Ourresults for S, and S, in the " space a ar9
agree with theirs. We get the same
consistency equations.
BFKL in 4+2) dimensions:
’ b q2+2 ! . i
0 _ 2421 sCa d ki 1 0 0 alb ! |<! ) = (©
FO @ s = $220 (g ) + SUCHEISY Py (@)
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Summary

Forward Scattering formalism in Effective Field theory
gives a very unigue understanding of the underlying
physics.

Rich phenomenology of Glauber exchanges

Use of #-$ space RGEs for DGLAP and BFKL
evolutions.

Our goal Is to get further understanding of NLL small-x
resummation using this new forward scattering
formalism in SCET.
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