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The high energy limit

Rapidity evolution via BFKL equation

Py~ P3—>
rq
Pi—> pi% Two lines of attack to describe Regge

behavior in cross-sections:

Three fundamental limits: » Unitarization of cross-section leading

soft, collinear and Regge. to nonlinear generalizations of BFKL.
» Forward scattering regime involves » Achieve consistent collinear and
large logarithms of x ~ & BFKL resummation: < This talk

» The BFKL equation describes this
rapidity evolution in the x.

See Anjie Gao's talk.
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The high energy limit

Rapidity evolution via BFKL equation

n nn

p2‘> pg»
rq

Pl pi—>
» Three fundamental limits:

soft, collinear and Regge.

» Forward scattering regime involves
large logarithms of x ~ £

» The BFKL equation describes this
rapidity evolution in the x.

See Anjie Gao's talk.
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Two lines of attack to describe Regge
behavior in cross-sections:

» Unitarization of cross-section leading
to nonlinear generalizations of BFKL.

» Achieve consistent collinear and
BFKL resummation: < This talk

Spoiler alert!

» NLO-BFKL Kernel known since 1998
(Fadin & Lipatov). [FL98]

Towards collinear Function @ NNLO
Qo000
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Importance of higher order small-x, resummation

Small-x data at N3LO plays a crucial role in improving PDFs

» N3|_O pieces available from BFKL Comparison with MSHT and NNPDF versions
Slide from Robert Thorne, DIS 2024

Pyle), 0, =02 ny =1

evolution of the splitting
functions [McG+23]:

Pgg: 3ln’x v, a2ln’x v, odlnx (?)

Pgq: alln’x v/, alln’x (?)

Pge: @3ln’x v, 3lnx (?)

PLS: adlnx v, allnx (?)

» Compare Pgg and Pg,:
Difference in moments (MSHT, 4 vs.
NNPDF, 5) only impacts large x
region.

» P, has the highest power of missing
logarithm — large uncertainty in the
small-x region.
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Importance of higher order small-x, resummation

Small-x data at N3LO plays a crucial role in improving PDFs

» N3|_O pieces available from BFKL Comparison with MSHT and NNPDF versions
Slide from Robert Thorne, DIS 2024

Pyle), 0, =02 ny =1

evolution of the splitting
functions [McG+23]:

Pgg: 3ln’x v, a2ln’x v, odlnx (?)

Pgq: alln’x v/, alln’x (?)

Pge: @3ln’x v, 3lnx (?)
PLS: adlnx v, allnx (?)
» Compare Pgg and Pg,:

Difference in moments (MSHT, 4 vs.
NNPDF, 5) only impacts large x

region. Why has been achieving NLL, Pj; so challenging?

» P, has the highest power of missing
logarithm — large uncertainty in the
small-x region.
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The tangled nature of BFKL and Twist factorization

Inclusive DIS Review

» Focus on inclusive cross sections. Take DIS as an example:
» Twist factorization in DIS: ‘

2 (%, Q Z/ 2.Q, u) K/p(E,u)+O<A%§D> :

1
Mellin transform: f(n) ;/ gx"“f(x)
0

X
B , s g0
EM(N) = E AN % T (Ne) Fore(as(u®),Nye) =P exp / mﬂ“’ N)
N——
PDF o ' KK
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The tangled nature of BFKL and Twist factorization

Inclusive DIS Review

» Focus on inclusive cross sections. Take DIS as an example:
» Twist factorization in DIS: ‘

1 14 . N
;bFa(Xb7Q2) = Z:/Xb?6 HS ’(?,Q,u)fn/p(&#)+o< %§D> :

1
Mellin transform: f(n) ;/ %x"“f(x)
0

X
=(x) ) _ ( ) _ ( ) ) ras(p4?) da
FON) = 37 A (N) x P (N, e Fon(as(u%), N, €) = P exp / LY
NS Ble, a)
o PDF 0 'k

» Terms retained at leading twist:

» Includes both perturbative (I—_I‘g”)(N)) and Twist-2 result
nonperturbative (7°(as, N)) pieces
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The tangled nature of BFKL and Twist factorization

Inclusive DIS Review

» Focus on inclusive cross sections. Take DIS as an example:
» Twist factorization in DIS:

1 14 . N2
Lrm @)= [ (2 an) e o 52

1
Mellin transform: f(n) E/ %x"“f(x)
0

X
=(x) () _ ( ) B ( ) ) as(p?) da
FON) = 37 A (N) x P (N, e P (0s(12). No) = P exp / 99 s, )
oW, <) e, 0)
< PDF 0 k'R

» Consider an expansion with A ~ x; as the
power counting parameter

» This isolates the leading pieces in the
structure function F, that scale as ~ 1/x,
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The tangled nature of BFKL and Twist factorization

Nontrivial overlap between twist and small-x, expansions
» Leading terms in x, — O limit:

1 4
=]l =5 -
P (x) p;

» Small-x, limit includes leading as well as
higher-twist pieces.

_ 2
M)~ e+ a® o+ a2

Motivation Glauber-SCET small-x factorization SCETCalc Towards collinear Function @ NNLO References
Q000 Qo000 QOO000 Qo000

ED




The tangled nature of BFKL and Twist factorization

Nontrivial overlap also of IR poles between twist and small-x; expansions

> Leading terms in x, — 0 limit: )
- 2 _ [e3 s
T (as(i?), N, €) = P exp (/0 Bea)” (e, N))
1 . 1 ’
—In X - =
() ~
» Small-x; limit includes leading as well as ety Twist-2 result

higher-twist pieces. PO

» Nontrivial overlap also of IR poles

n
2 3 4
Qs Qs Qs Qs
wi) o~ T () (F) 2 (5)
"/qg(”) ~ Qs + as% + as(%)z + as(%)3 +....
n n n

» Collinear poles °= have a different origin than BFKL-generated IR poles %%
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Outline

Glauber-SCET small-x factorization
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Kinematics associated with the small-x;, region

A recap of small-x factorization presented last year [NPS23]

» Center of mass light cone coordinates: B B

P":?n“, pr—Vsp

7[7“

» Power counting parameters:

N~ AQC;D and

)\NXb

Hard scattering Forward scattering
A ~ )\O or ~ A

q" ~VS(LAVA) or ~s(A A0

Motivation Glauber-SCET small-x factorization SCETCalc Towards collinear Function @ NNLO References
Qo000 (o] TeleTe) QOO000 Qo000

Aditya Pathak



Kinematics associated with the small-x;, region

A recap of small-x factorization presented last year [NPS23]

» Center of mass light cone coordinates:

P":?n", pr—Vsp

7!7“

» Power counting parameters:

N~ A%ZD and

)\NXb

Hard scattering Forward scattering
A ~ )\O or ~ A
q" ~VS(LAVA) or ~s(A A0

Need a soft sector : k' ~ \/E()\, A, )\) and Glauber modes : g ~ \/E(/\Q, A, /\)
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Small-x factorization in Glauber-SCET

A recap of small-x factorization presented last year [NPS23]

Collinear-soft interactions are mediated via
the ns-Glauber action (Rothstein, Stewart '16) [RS16]:

/ 1(>< ¥)-q’
SSS:SWQSZ/dd /dd /(2 Thar SO0 (),

ij,A

o =%, By, o =1u,6ro0 T (PP,

Factorization at NLL (Neill, AP, Stewart '23):
W“d(qﬁP):/d”’zqi Saﬁ(qui,&%,e) C(U/LR%&) o

Operator definitions:

11 dq’ iA j A
C=—— o (PlOY (x)O"(0)[P)w
vqry
aB _ V dq/ iz.q
R P e
L
G 7yin A yn A
OIT{(2)02 (v} T{I ()02 “(yr)}HO)w -
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Small-x factorization in Glauber-SCET

A recap of small-x factorization presented last year [NPS23]

Collinear-soft interactions are mediated via
the ns-Glauber action (Rothstein, Stewart '16) [RS16]:

eilx=y)d’
. d d A (x) 0 (
=87 E /d /d /(2 E— ———0, (x)Or"(y),

i, A

OgyA = YmTfA%Xm ) OgA 7BnLu(lfABC) (P + ’Pt)Bncﬁ )

Factorization at NLL (Neill, AP, Stewart '23):
W“ﬁ(qﬁP):/d”’zqi Saﬁ(qui,&%,e) C(qLP,PLJe) o

Rapidity evolution described by BFKL equation:

d _
v—~C=—-C— ast*KprkL ®1 C.
dv Rapidity factorization

A straightforward extraction of twist-2 pieces p
(higher-power small-x pieces automatically constrained!):

= = q@(, @ P Vs

FLg,HP + FLg,LLX(n) = HLg (”w = S 1,045) eg (%a ”) , — = Xp
I Ve

F_ig,HP + F_zg,LLX(”) =2n; Ty + Flég) T -
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Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

All existing approaches for consistent collinear and BFKL resummation are based on the
kr-factorization of Catani & Hautmann 1994 [CH94]:

,:Eg)(n) =h (fygg) x R(n) x (ij)’Ygg

Xl gg,
T
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Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

IR-finite, process dependent part:

Ak (k1N
h() :7/ (Y s
o ko\@?

~8
L

(

2
g;,as,EO).

Feature [ kr-Factorization

[ Glauber-SCET

. off-shell cross sections:
Gauge Invariance

gauge inv. only at LO
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Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

— 2 Yeg _
Fzg)(n) = hL (’ygg) X R(n) X (%) X rgg,

Feature [ kr-Factorization [ Glauber-SCET
. off-shell  cross  sections: | Constructed from gauge invari-
Gauge Invariance .
gauge inv. only at LO ant Glauber ops.
Obscured due to attemptin . .
. . . PHNE | Manifest power counting from
Power Counting simultaneous twist and high-
- the start
energy factorization
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Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

Define a new Green's function }'g(o) to capture all the IR divergences:

_ Q2 eg _
ng)(”) =he ('Ygg) X R(n) x (?) X T,
- 1 - _
]-'éo)(n,qL) = —5 X Ygg X R(n, kf,e) X [gg .
wki
Feature [ kr-Factorization [ Glauber-SCET
. off-shell ~ cross  sections: | Constructed from gauge invari-
Gauge Invariance .
gauge inv. only at LO ant Glauber ops.
Obscured due to attempting . .
Power Counting simultaneous twist and high- Manifest power counting from

L the start
energy factorization

Requires auxiliary Green's | Nothing beyond collinear and
functions soft functions

Objects
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Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

The BFKL 1/emr poles are captured in the Green's function:

= iy a = _ asC,
FO(n.qr) =607 q) + 2 [Kor FO(n)](ar),  @=—7"
Feature [ kr-Factorization [ Glauber-SCET
. off-shell  cross  sections: | Constructed from gauge invari-
Gauge Invariance .
gauge inv. only at LO ant Glauber ops.
Obscured due to attempting

Manifest power counting from

Power Counting simultaneous twist and high-
the start

energy factorization
Requires auxiliary Green’s | Nothing beyond collinear and

Objects . .
J functions soft functions
Isolating 1/ Additional non-trivial con- | S and C can be computed
I €IR . e . . ===
g version for 1/emr in MS with 1/emr in MS
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Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

IR poles in Green's function cannot be directly factorized in MS scheme:

-7'_-;0)(”7QL) = 1 X Veg X I-?(n,kb() X [:gg'

k3
Feature | kr-Factorization | Glauber-SCET
. off-shell ~ cross  sections: | Constructed from gauge invari-
Gauge Invariance .
gauge inv. only at LO ant Glauber ops.
Obscured due to attempting

Manifest power counting from

Power Counting simultaneous twist and high-
the start

energy factorization
Requires auxiliary Green’s | Nothing beyond collinear and

Objects . .
functions soft functions
Isolating 1/ Additional non-trivial con- | S and C can be computed
€IR . . . —
& version for 1/err in MS with 1/err in MS
Motivation Glauber-SCET small-x factorization SCETCalc Towards collinear Function @ NNLO References
Q0000 [elele] Tel Q00000 Q0000

Aditya Pathak 11/ 26




Why is the Glauber-SCET approach special?

Avoids many problems in the kr-factorization framework

Quark Green's function for F, channel:

_ - k?
Gc(yg) (n7 055,6) = /dd QkJ_ qu (Qé7as7u7€>~r‘é0) (n7 kJ_yaS7//L7 6) .

Feature \ kr-Factorization \ Glauber-SCET
. off-shell ~ cross  sections: | Constructed from gauge invari-
Gauge Invariance .
gauge inv. only at LO ant Glauber ops.
Obscured due to attempting

Manifest power counting from

Power Counting simultaneous twist and high-
the start

energy factorization
Requires auxiliary Green’s | Nothing beyond collinear and

Objects . .
J functions soft functions

. Additional non-trivial con- [ S and C can be computed

Isolating 1/er : . . =
version for 1/emr in MS with 1/emr in MS
Handling  collinear | New non-BFKL 1/emk — | No mixing of BFKL and
(non-BFKL) 1/er new Green's functions collinear 1/err poles.
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Aditya Pathak 11/ 26



The Collinear function

Avoids two more problems in the kr-factorization framework

» For extension to NLL, kr-Factorization requires
computation of Impact Factors:

» Impact factors are process-dependent.

8

> Finite pieces are ambiguous: factorization
scheme dependence.

o(nb)

4

. .. 2
In the EFT approach, the collinear function is
universal and has a well-defined operator definition. J 2 g o 0 7
BFKL exchange contribution to "~ scattering
» NLO result for the collinear function: in Colferai, Li and Stasto '23 [CL524]
Lo, ry_ P~ Cr
G (q1) = v ﬂq/‘l’
CNLO((7 ) — 5. CLO or) 1o 1 1 v 3
g (qL) = asCg x (—2m) s[q,} ;JrnF +Z

» Exhibits IR and rapidity poles:

enL[A] = —% +ln<%) +0(e)
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The Collinear function

Avoids two more problems in the kr-factorization framework

» For extension to NLL, kr-Factorization requires
computation of Impact Factors:

» Impact factors are process-dependent.

8

» Finite pieces are ambiguous: factorization
scheme dependence.

o(nb)

4

. L 2
In the EFT approach, the collinear function is
universal and has a well-defined operator definition. J B e e
BFKL exchange contribution to 7"~ scattering
» For NLL small x, we would like to go to two in Colferai, Li and Stasto 123 [CL524]
loops.

» Find over 1000 diagrams!!!
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Outline

SCETCalc
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Need for automation

At two loops computing by hand becomes
impractical. However, standard tools for Feynman

Diagrams do not straightforwardly apply: QGRAF
» SCET Lagrangian is not Lorentz Invariant Model, generate diagrams
> Presence of Wilson lines leads to vertices with *
arbitrary valency
» Nontrivial problem to represent operators: Tapir
Xny BII'ILL7 On, e Filter cut diagrams
The SCETCalc framework: *
> Being built on FeynCalc [SMO20] development
version that supports light-cone vectors. FeynCalc
> QGRAF [N0g93] to bulld the SCET “model” Apply Feynman Rules
» Automate all SCET Feynman rules *
» Combine with Tapir [GHL23] for filtering cut
diagrams In-House packages

. . . Acces cut edges, contour
» In-house software in Mathematica for accessing integrations, ....

and playing with cut edges.
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Building the Feynman rules

» Wilson lines in fundamental representation:

Ko

RIS D{ 1 e

Ao iAoy ...Ax ai
~+q0j)ii0)(t o) 2

> Start with operator definition (here the mid-rapidity Glauber soft operator [RS516]):
Xnj,w = [6(‘*’ - P)Wnlf;(x)gni(x)}

» Building the N-gluon Feynman rule:

(017 lals. Plg(pr, ki, ) ) = 6(w = p Zk YW (b s )l ().
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Building the Feynman rules

» Wilson lines in fundamental representation:

—o -

Wl ({kio i CY)™, =& Z (H (Gor + n : J+ Go;) = iO) (e Bom) ™
J

> Start with operator definition (here the mid-rapidity Glauber soft operator [RS516]):

B:, = n}'gﬁ”S,f,.iGsl,gS,,, ,

1
ni-P
» Building the N-gluon Feynman rule:

B n,v mgmz[ 3 Sn*({k(,/.ugj,cnl;je[1,i]})G£Up({kaN,;LUN.C‘,N})S,.({km,ugj,cnl;jE[i,N—l]})

i=1 Lo(n-1)

7 (kg oy Coyid € (1,1 68, (ks bt o) (ks s Co)}) S (Ui iy G € N = 21})} :

o(N-2)
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Building the Feynman rules

» Wilson lines in adjoint representation:

1 7 . . 7 . .
S = 23T [SL”({k@.,u%, Coyid € L)) €SP (bt Coyi € (i NI} ) £°
oN

> Start with operator definition (here the mid-rapidity Glauber soft operator [RS16]):
O™ = gma. [P SEISEPL, — PLgBEl, SE'SE - SESEgBEY P,
—gB"""'”SgJ‘Sg Bgi/“ _ ”lu2”/v Sgt Gg/wsg] SAB [A]SE |B]

» Can continue iterating:

O™ Mgy, g, k. C) = 8rasg | qL - gl (SE™(k, 1, €) + SEV (K, 11, ©))

v An;iv[1 NipNjo . ~Apo
- TA<q¢,/BA Wk, 1, €) + ¢, BaW Mk, p, €) + 2eVTiG G2k, p, C))}A;M.
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Example 1: Fragmentation function

Representing operators as particles

> We represent operators such as x,, BY, ,... as particles
and allow for multiple gluon vertices

» Include a dummy X to allow for propagator mixing in QGRAF model:
(alx,|0) [ fQbar, £Q, G1 ]

» lllustrate this through computation of quark [ £Qbar, £Q, G1, G1 ]

. . [ fQbar, £Q, G1, G, Gl ]
fragmentation function: ) Gbar, 0

[ fQbar, fChi, X ]
[ fQbar, fChi, X, Gl ]
[ fQbar, fChi, X, G1, Gl ]

np, /z

Duyrle) = 5 S THONAOIBX) i, - @0
X

» The integrand obtained using SCET Feynman rule
must reproduce splitting functions:

Jos =D S /d¢;a;ﬁc5(...),
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Example 1: Fragmentation function

» Interface with Tapir enables us to P
nicely isolate the desired graphs. N 2
» Here demand single X, G1 and £Q h

passing through the cut. w

» However, we would like to also access
the cut edges. — re-implemented Pak’s '
cut filter algorithm [PRS10; Hof15] as = 2
a Mathematica package. .

(3)

» Define a relabel function:
{{G1, k[11}, {X, x[31}, { £Q, k[2]1}}
» Enables us to always assign ki to the

gluon:
{1,2} £Q {pfk1fk27k3,0} C
Cut Edges: {3,4} @1 {—k.,0} c
{5,6} X {—ks,0} M
Motivation Glauber-SCET small-x factorization SCETCalc Towards collinear Function @ NNLO References
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Example 1: Fragmentation function

» Interface with Tapir enables us to
nicely isolate the desired graphs.

» Here demand single X, G1 and £Q
passing through the cut.

» However, we would like to also access
the cut edges. — re-implemented Pak’s
cut filter algorithm [PRS10; Hof15] as
a Mathematica package.

> As a cross check we verified the Pq{6§q3
splitting function result.
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Example 2: Quark Regge trajectory

» The quark regge trajectory appears in
the BFKL kernel as a virtual correction: %/
NS

Kirkr(qu, ki) = w(q0)d® (g — ki) |
+ KE?IIQ(QL, ki).

» Focus on the nf pieces appearing at

i

: <§ <if)<( : j
{:( |/
i
3

two-loops. - ‘
0 (10) 1 "
s
ja
()
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Example 2: Quark Regge trajectory

» The quark regge trajectory appears in
the BFKL kernel as a virtual correction:

KerkL(qL, ki) = w(g.)d® (gL — ku)

+ ﬁ?ﬁ(L(QL, ki).

» Focus on the nr pieces appearing at
two-loops.

» Here, our in-house implementation of

. . (10)
cut edge finder comes in very handy

— The divergent piece arises from soft
gluon limit. So always assign ki to the
gluon, leaving the quark bubble loop to
be Zl.
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Example 2: Quark Regge trajectory

» The quark regge trajectory appears in — -
the BFKL kernel as a virtual correction: j{/g' jj\ W /Ei \@/ \@/
\/
KerrL(qL, ki) = w(qL)é(Z)(qL — k1)
rea <) - ;//‘

+ KBFII(L(qJ.ykJ-)' }:{ - ;}\

» Focus on the nf pieces appearing at ’ h
two-loops.

> Next Automate k* and ¢* contour integration.
» For each non-zero graph we find the same constraint from the contour integral:
I ki
0<|x|<z<l, Xlz% z 1_
p p

> Isolate all graphs that scale as 1/)\2 for z1 ~ x1 ~ .
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Example 2: Quark Regge trajectory

» The quark regge trajectory appears in
the BFKL kernel as a virtual correction:
Kerk(qu, ki) = w(g)d® (g — ky) f%
real

+ KerkL(gL, ki). , : >

(13)

» Focus on the nf pieces appearing at
two-loops.

> Additionally drop scaleless graphs: left
with only two that scale as ~ 1/)%,

> (Final result underway)
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Outline

Towards collinear Function @ NNLO
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Collinear function @ NNLO: First Step

Operator definition:

v _ dn-gq e 9(P|OIA . °
()= 2t / (PO RO @R g

A more useful starting point for computation:
cﬁ(_i,qm) :2/d"'q1mcﬁ(_” ,q“,e>
n-p 27 n-p

C,c(%p,q“,s) = %%W DM /ddx <9 (5(P)|T { OA(x)O(0) }5(P)) ,

ij=q.g A

We want to make use of the Glauber collapse rule by integrating over g* = n - q.

1 1 1
aq*tart -
/ a (P+qP+i0(l+p+qP+i02+i0

daqtaet 1 L E
)Y e TR A0 o) F )+l F )P0 T2 10

= (;l) aet O(=("+p7)) 1 —0
p (=4 p )t + )+ (L + quL)> +i0 6=+ + 2 +i0 et '
=
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Collinear function @ NNLO: First Step

Operator definition:
v _ dn-q 9y %P0 . .
c(7an) =& WZ/ [axeporotom. | g

A more useful starting point for computation:
cﬁ(_i,qm) :2/d”'qlmcn(#,q“ye>
n-p 27 n-p

cm(ﬁ#p,q“,e) =Fw 2/\/ >N /ddx e (k(P)| T {OR(x)O0) }K(P)) ,

ij=q.8 A

We want to make use of the Glauber collapse rule by integrating over g* = n - g.

» Take the imaginary part after doing n - g integral:

7,1/
CK(_L,qL,e) :2Im/dn~q q CH(_L,q“,E)
n-p 27 a-p

This requires a non-analytic regulator.

/

1%
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Filter graphs using collapse rule

» Exploiting the collapse rule allows us to
filter a range of graphs.

» Previously these one-loop graphs were
computed via taking cuts:

- 1
(1),real v 2\ 2as - P 1o 7
i s.at) = “ar k] | aepi@)

X [(Cﬁ—%)z’szr%((l—z)’kJr 1 )}

TP
)

P
3

L
E
[a] £

» All pieces except for the highlighted
term cancel against virtual graphs.

:
é)/
aaRef:
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Filter graphs using collapse rule

» Exploiting the collapse rule allows us to

filter a range of graphs. A A || A s

» Previously these one-loop graphs were
ajajele

computed via taking cuts:

v 205 - P !
e Lpnat) = 22 P (q2) [ oz pige)
0

G2 v
CrCa\_—2c | CeG, —2¢
x[(Cgf%)z 2 +%((172) T )}

» All pieces except for the highlighted
term cancel against virtual graphs.
> This can be avoided by invoking the collapse rule (implemented as ¢; contour
integration).
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Filter graphs using collapse rule

» Exploiting the collapse rule allows us to G G
filter a range of graphs.

> Previously these one-loop graphs were —{}— %%
computed via taking cuts:

v 2as - P 't 4
e (pat) = 2 0P i) [ az e
0

~2
TG v

CrCa\ _— CrC, _
X [(CE—%)Z 2°+%((1—z) | )}

» All pieces except for the highlighted
term cancel against virtual graphs.

> This can be avoided by invoking the collapse rule (implemented as ¢ contour
integration).

» Further drop scaleless integrals:

> Left with a single graph!

P~ [t 1+(1-2z) a2
W= crCag®— [ a L
Cq FCag 7”//0 z 7 Ei(ﬁ+¢u)27
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NNLO graphs: What'’s left?

» At two loops this is a must. Start
with 763 (of 1866) graphs that
have valid cuts

(311)

» Applying collapse rule results in

AR B
R[] 6

[ S @ pA S Ji|
Sl L

179 graphs. 6
(358)
(304)
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NNLO graphs: What'’s left?

ALS P

» At two loops this is a must. Start
with 763 (of 1866) graphs that
have valid cuts

(3712)

» Applying collapse rule results in
179 graphs.

» Further drop scaleless graphs with
dangling Glaubers:

— Left with 155 graphs.

IRECREaE
BRI
sloilelBilelialfe

AEIENE

““““

(23) 21)
Motivation Glauber-SCET small-x factorization SCETCalc Towards collinear Function @ NNLO References
Qo000 Qo000 QOO000 (eleTe] Tel

22 /26

Aditya Pathak



Conclusion

1. Glauber SCET is a promising framework for reliably and efficiently computing NLL
small-x corrections

2. However, an extremely challenging task beyond one-loop without automation.
Cannot be carried out using QCD processes.

3. Thanks to excellent packages such as FeynCalc and Tapir, this is now possible.
First step in this direction.

4. While this talk focused on the specific Glauber-SCET case, the aim is to create a
much more general tool-set useful for the community. Currently exploring:

» SCET with massive quarks,
» Subleading power operators,
> decaying, strongly interacting resonances,

> probe nonperturbative gluon model,
|

5. Stay tuned!

Thank you!
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