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SCET AND THE GLAUBER SERIES

LARGE LOGARITHMS IN LHC JET PROCESSES
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SCET AND THE GLAUBER SERIES

LARGE LOGARITHMS IN LHC JET PROCESSES

gap:
k Eout < Q0 ‘

unrestricted E;,, ~

5

= In(Q/Qo) > 1

Perturbative expansion includes “super-leading” logarithms:

O ~ OBorn X {1+asL+a§L2+04§L3+04§L5+042L7+...}
—
T formally larger than O(1)

state-of-the-art J.R. Forshaw, A. Kyrieleis, M. H. Seymour (2006)

>
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SCET AND THE GLAUBER SERIES

LARGE LOGARITHMS IN LHC JET PROCESSES

gap:
k Eout < Q0 ‘

unrestricted E;,, ~

5

= In(Q/Qo) > 1

Really, a double logarithmic series starting at 3-loop order:

0~ 0Born X {1+ asL+ a;L” + (asm) [a; L’ + L + ... ]}
~_—
(%m L)2 formally larger than O(1)
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SCET AND THE GLAUBER SERIES

GLAUBER PHASES BREAK COLOR COHERENCE

Super-leading logarithms

» Breakdown of color coherence due to

initial-state soft gluon (Glauber) exchange

J. R. Forshaw, A. Kyrieleis, M. H. Seymour (2006)
S. Catani, D. de Florian, G. Rodrigo (2011); J. R. Forshaw, M. H. Seymour , A. Siodmok (2012)

» Soft anomalous dimension:

T; - T; W
F({]_)}aﬂ) — Z TJ /YCU.SP(OéS) In
(27)
where s; > 0 if particles i and j are both in initial or final state

+ Z v () + O(a?)

? T. Becher, M. Neubert (2009)

» Imaginary part (only at hadron colliders):

ImT({p}, 1) = +27 Yeusp(as) Ty - T + ( .. ) 1

T

irrelevant
Matthias Neubert — 3 JGU Mainz



SCET AND THE GLAUBER SERIES

THE GLAUBER SERIES

@ Rick Friedman < YW

Roy J. Glauber (Nobel Prize in Physics 2005)

>
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SCET AND THE GLAUBER SERIES

THE GLAUBER SERIES

Structure of the cross section

» Super-leading logarithms (SLLs):

> n 2 n
o~ 5 e (1) e () (Ziet)! (24
n=0

\ /
&?+3L2n+3

» Introduce two parameters, numerically O(1):

NC S (L
w = a('u)LQ, Wqp = T
T T

» Including multiple Glauber insertions:

o L O ©.0

PG L 22NN Cop Wh W™
TN, &~~~
¢=1 n=0

>
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SCET AND THE GLAUBER SERIES

THEORY OF JET PROCESSES AT LHC

p

Loss of color coherence from initial-
state Coulomb interactions

» Weird “super-leading logarithms”

» Breakdown of collinear factorization?

» Phenomenological consequences?
red: Glauber (Coulomb)

blue: gluons emitted along beams erC AdG EFT4jets
green: soft gluons between jets

Today: Exact (semi-analytic) results for all double-logarithmic
and m2-enhanced contributions to the cross section in

RG-improved perturbation theory!

Matthias Neubert — 5 JGU Mainz mtp
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SCET AND THE GLAUBER SERIES

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

025m(Q,Q0) = >

a,b=q,q,9

/ dxdzs f: k’)—tﬁ,ﬁ(

m=2+M

{n},Q,
+

uj®

T. Becher, MN, D. Shao (2021); T. Becher, MN, L. Rothen, D. Shao (2015, 2016)
[see also: Z. Nagy, D.E. Soper (2007, 2008, 2012, ...)
R.A. Martinez, M. De Angelis, J.R. Forshaw, S. Platzer, M.H. Seymour (2018)
J.R. Forshaw, J. Holguin, S. Platzer (2019-2022)]

high scale

low scale

= new perspective to think about non-global observables!
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SCET AND THE GLAUBER SERIES

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

©.@)

02—)M(Q7 QO) — Z / dxld:EZ Z KH%({Q}7 Qv :uj@)
a,b=q,q,q m=2+M T
high scale low scale

Renormalization-group evolution equation:

L (k. Qo) = = 3 Mk Qo) T Q)

m<l \
operator in color space and in the

infinite space of parton multiplicities

All-order summation of large logarithmic corrections, including
the super-leading logarithms!

>
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SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Evaluate factorization theorem at low scale i, ~ O,

» Low-energy matrix element:
W%({ﬂ}? Q07x17aj27 /'LS) — fa/p(xl) fb/p($2) 1 + O(Oés)

» Hard-scattering functions:

Hi ({n}, Q,ps) = > H*({n},Q,Q) Pexp

<m

/ WP ({n}, Q. m}

Im

» Expanding the solution in a power series generates arbitrarily high
parton multiplicities starting from the 2 — M Born process

Matthias Neubert — 8 JGU Mainz
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SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Evaluate factorization theorem at low scale i, ~ O,

» Anomalous-dimension matrix:

([ Varur Royu 0 0 \
0  Voim+1 Rotm4a 0 .
PH — s 0 0 ‘/2_|_M_|_2 R2_|_M_|_2 S O(a?)

0 0

\

0

Voymss -

» Action on hard functions:

i i
%me:Z . _|_ )
(i) EZA:E J ﬁ Q:g J ﬁ
i
Hon Ry = ;
(i)

Matthias Neubert — 9 JGU Mainz
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SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Detailed structure of the anomalous-dimension coefficients
Glauber phase

2
Vm:Vm+VG+ZV.CIn”— l
=T+ V% +I%n—

S
— v
m — dlm ° 1 ——
R, =R +'ZR1 0= I I

h . soft emission collinear emission
whnere. (collinear div. subtracted)

/1

VG = —0m (TLL . T2,L — Tl,R ) TQ,R)

\9

new color space of emitted gluon

1 - - 1
---------------- l
Hmm%)( )@i 0= 3 (61T Tl )
5 5 i=1,2

>
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SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Detailed structure of the anomalous-dimension coefficients
Glauber phase

2
Vo=V + Vit Y Ve l
. . 112
Fr=T+V%+T%n—
. 112 S
R,=R,+ > R/ln" I I

soft emission collinear emission

Properties: (collinear div. subtracted)
4 . _ — )
® color coherence without Glauber phases: H,,I‘T =H,, IT'T°
® collinear safety: (H,,T°®1)=0
e cyclicity of the trace: (Hn VE®1) =0
- J
Matthias Neubert — 11 JGU Mainz
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SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

“d
SLLs arise from the terms in P exp / :I‘H({n} Q, M) with the

dim

highest number of insertions of I'c

» Expand out all terms except the log-enhanced soft-collinear piece:

Hh d H1 d K2 d
USLL({n} e ,LLS / :ul/ /LZ/ :u3

X Usljtn, 111) Yeusp (@ (111)) V€ Ui, p2) Yeusp (@ (1)) VE = (1)

cusp anomalous dimension

4T
where we define the Sudakov operator: F+ Bosr. £ Hager, MN, M. Stillger, X. Xu (2024)
I gy ,u2- Ly ~ Q
Unlpiots) =exp | T [ g () n
B M fs ~ Qo
matrix in the color & resums all double-
multiplicity space logarithmic terms

>
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SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

“d
SLLs arise from the terms in P exp / :I‘H({n} Q, M) with the

dim

highest number of insertions of I'c

» Expand out all terms except the log-enhanced soft-collinear piece:
cusp anomalous dimension

Usce ({22} uns 1) / i / " dpiy /’”dug
l as(f13)

x U, (Nha Nl) “Yeusp (O‘s (Nl)) Ve U. (“1 MQ) “eusp (as (“2)) VG A7

P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)

» All double-logarithmic terms are exponentiated!

r

» One scale integral for each insertion of V&and T

» Easy to include running-coupling effects

Matthias Neubert — 12’ JGU Mainz mtp



SCET AND THE GLAUBER SERIES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Rewrite the evolution kernel for the Glauber series

» Analogous relation holds for higher-order terms in the Glauber series
(more V¢ factors and additional integrals):

Hhd Hdpu : s (1) +
U(l) ny, s Ms :/ ﬂ / i Uc i—15 Ui ) Veusp | s\ g VG r
st ({n}, i, ps) n e 11 (im1, f4) Yeusp (s (12:)) -

00
USLL_|_G ({ﬂ}, L, ,us) = Z US(QL ({E}, L, ,us) P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)
=1

» Structure share similarities with a parton shower, but the Sudakov
operator and Glauber phases imply a non-trivial operator mixing in
color space and involve both real and virtual emissions

Matthias Neubert — 13 JGU Mainz i I |
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SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V ©)

» Simplest case of (anti-)quark-initiated scattering processes:

24+ M 1

X1:ZinfabcT1aT§ﬂ¢, X4:EJ12T1’T2,
J>2
24 M

X2:ZJj (01_02)dabcT1aT2b]}c7 X5:J121,
§>2
1 2N

X3 = — Z Jj (T1 _ T2) : T"7 : P. Bder, MN, M. Stillger (2023)
Ne §>2

where o, = — 1 (+1) for an initial-state quark (anti-quark), and all

structures are normalized such that their trace with a hard function is
at most of O(Ng) in the large-N.. limit

Matthias Neubert — 14 JGU Mainz



SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» Simplest case of (anti-)quark-initiated scattering processes:

2+ M

- £aoc a C 1

X1:Zszbe1T§J;, X4:EJ12T1-T2,

7>2

2+ M
XQZZJJ' (O_1_0_2)dabcT1aT2b]}c7 X5:J121,

Jj>2

1 2+ M
X3 = N Z Ji (Ty —T3) - T;, P. B&er, MN, M. Stillger (2023)
€ j>2

1

2 .

Matthias Neubert — 14’ JGU Mainz
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SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» Simplest case of (anti-)quark-initiated scattering processes:

2+ M

- £aoc a C 1

X1:Zszbe1T§1“j, X4:EJ12T1-T2,

7>2

2+ M
XQZZJJ' (O_1_0_2)dabcT1aT2b]}c’ X5:J121,

Jj>2

1 2+ M
X3 = N Z Ji (Ty —T3) - T;, P. B&er, MN, M. Stillger (2023)
€ j>2

» Kinematic information contained in (M + 1) angular integrals from I":

J; = / T (W = W) Oueolmi) s with W = /

T = M Mg - T

Matthias Neubert — 14" JGU Mainz
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SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V ©)

» Simplest case of (anti-)quark-initiated scattering processes:

2+ M

r £aoc a C 1

X1:Zszbe1T§J;, X4:EJ12T1.T2,

7>2

2+ M
X2:ZJj (01_02)dabcT1aT2b]}c7 X5:J121,

Jj>2

1 24+ M
X3 = N Z Ji (Ty —T3) - T;, P. B&er, MN, M. Stillger (2023)
€ j>2

» Extension to processes with initial-state gluons requires an enlarged

operator basis containing 20 (gg scattering) and 14 (gg, gg scattering)
@) pe ratO I’S, res peCtive Iy P. Béer, P. Hager, M. Neubert, M. Stillger, X. Xu (2023)

Matthias Neubert — 14" JGU Mainz mtp



SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» Represent I', V& and VT as objects acting in that basis:

(1 0 0 0 0)
0O 1 0 0 O
I'c — N.I'“ with I = 0 % 0 0
Positive eigenvalues: {0, 1/2, 1} d _01 1
(additional ones for initial-state gluons) \O 0 — le 0 O)

Recall: o
h 1 2
Usis({nonu) = [ [0 [0
Hs H1 Hs 2 Hs M3
G a Qs(f3) T
X Uc(,uha :ul) Yecusp (Oés(ul)) |4 Uc(,ula ,LL2) “Yeusp (as(ﬂ2)) |4 A
Matthias Neubert — 15 JGU Mainz
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SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» Represent I', V& and VT as objects acting in that basis:

(U(pis) 0 0 0 0\
Uc(pis ;) —> Uelps, pg) = 0 0 U.(3; i, 145) 0 0
0 0 2 | Ue(55 s 115) = Ue(L5 5, 1) | Ue(15 a5, 1) 0
\ 0 0 208 (1 — U,(L; i, 1) 0o 1
: Hiedu u?
Generalized Sudakov factors:  U.(v; u;, ;) = exp |v N, chusp(as(u)) ln? <1
14 h
Recall. wn g g Y double-log terms (SLLs)
UstL({n}, pn, its) :/ ﬂ/ ﬂ/ i always lead to suppression!
Us H1 Us 2 Us H3
s (p3) =
X Uc(,uha :ul) “Ycusp (Oés(ul)) VG Uc(,ula ,LL2) “Yeusp (as (,MQ)) VG A r
Matthias Neubert — 15’ JGU Mainz
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SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» Represent I', V€ and VT as objects acting in that basis:

(0 —255"%" & 0 0)
4 0 0 0 0
V& = inN, V¢ with V&=| 1 0 0 0 0
0 0 0 0 0
\ 0 0 0 0 0

O\ U3 ) =
X Uc(,uha :ul) ’Ycusp (as(,ul)) VG Uc(,uly ,LL2) chsp (058 (,LLQ)) VG iﬂ_S) r

Matthias Neubert — 16 JGU Mainz



SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» Represent I', V& and VT as objects acting in that basis:

( 1
VET — 16inX; =16inX'¢ with <¢=10

0

\0/

s\ U3 ) =
X Uc(,uha :ul) ’Ycusp (as(,ul)) VG Uc(,ula ,LL2) chsp (058 (M2)) VG iﬂ_S) r

Matthias Neubert — 17 JGU Mainz
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SCET AND THE GLAUBER SERIES

MANAGING THE COLOR ALGEBRA

Introduce a color basis (closed under applications of I'“and V©)

» This yields:
A= Y [da [defil€m) ol
partonic channels
x> (Haonr(pn) XY UL (pin, 1) <
=1 T
Wlth 5 process-dependent color traces

. B th 'uld
Uy (uns 1) = 16 (i)' N / dm / fis
7

U, o)
s H1 s Hi+1

. {H Teusp (O‘S(N’i)) A Ue (s, Mz‘+1)} Yeusp (%(Ml)) Qaliie1)

, A7t
=1

Matthias Neubert — 18 JGU Mainz
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SCET AND THE GLAUBER SERIES

RG-IMPROVED PERTURBATION THEORY

Perform the scale integrals in terms of the running coupling

» Generalized Sudakov factors in RG-improved perturbation theory:

i M 2
Uc(v; g, p1j) = €xp ’UNC/ i Yeusp (as(,u)) In ’LL—] 2-loop cusp anomalous dimension
- M Hi, l and B-function l

(ouN, | 4 ( I 1 ng) (’71 51) ( ) b 2
= exp < —— — —In—=)4+—=——=|(x;— £U—|—1Il— Inz; — In® 2,
\ 253 [Oés(,uh) Li T L Y  Bo ’ 250 ( ’ )

P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)

with z; = as(u;)/as(pn) and:

Ue(v; pis pig) Ue(vs gy p) = Ue(vs iy pie) s Uel0; iy 1) =1
» Encounter products of Sudakov factors:

Uc(vla ooy ULy py 1y - - ,Ml) = Uc(vl; Foh s ,ul) Uc(v2; M, MZ) O Uc(vl; Hi—1, :ul)

Matthias Neubert — 19 JGU Mainz 1)



SCET AND THE GLAUBER SERIES

RG-IMPROVED RESUMMATION OF HIGHER GLAUBER TERMS

Evolution functions with two and four Glauber insertions

P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)

y [=2:
U (1 115) s = 50
» [=4
(4) 12871'4
Ugrn (fn, pts) € = 35
0

K12 = (0'1 — 0'2)2

Matthias Neubert — 20

d
ﬂln—

)
1

Nf/%% ln—
1

N2 —

4

N2—4

AN? NZ

T2 dl’l

X1

5(1(7

\

" dxs /963 dro /x2 dxq
1

y )
_lU (1‘#}’/7/1/2)
Ue (2717Nh7/~L17/L2)
2 [U (27 17:Ufh7:u17:u2) Ue (1/“Lh7:u2)]
2]6; [Uc(l’ M17N2) — U (27 17”%”17#2)]
( 0
—3 [K12 Ue(L; pan, pra) + 5z Ue(1, 5, 1,uh,uz,u3,u4)}
Ky U (27 17”h7#17ﬂ4) + U (%7 17 27 1,Mh,M1,M2,M3,M4)
2 [K12 U (27 1,Mh,[t1,ﬂ4) + = U (% 17 %7 15Mh7M17H27M37M4)}
—2 [Kle (15 s p1a) + w2 Ue(1, %,1;%,#2,#3,#4)}
2 [K12 Ue(1; pi1, p1a) + N%Uc(l 5, 15, o, i, ,U4)}

—2xE [Km Ue(3, L pins i, pa) + 2 Ue(5,

JGU Mainz
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SCET AND THE GLAUBER SERIES

RG-IMPROVED RESUMMATION OF THE GLAUBER SERIES

Resummation of the Glauber series in the limit of large N.

» Closed analytic expression in terms of a double integral:

( 0 )
_lUc 17 N
U(l) 32’7‘(’2N 1 diUl 5 7TN T 21 ( Khy [ )
Z st (Hhs Hs) § = G n— — 204q sin® By lnx_l Ue(3: 15 tins s 1)
1=2.46,... 2[ (% L pop, o1, o) — Uc(l;,uh,,ux)]
\% [U (1 M1, ,um - Uc(%a 17Mh7lulaux)])

» Super-leading logarithms (/=2 term) are exact
» First RG-improved resummation of the Glauber series!

» Analogous results can be derived for processes with initial-state gluons,

involving eigenvalues {0,5,1,5} for gg scattering and {0,5,1,5,2} for

gg scattering — mysterious spin-color connection

P. Béer, P. Hager, MN, M. Stillger, X. Xu: arXiv:2407.01691
>
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Partonic channels contributing to pp — 2 jets (gap between jets)

T. Becher, MN, D. Shao, M. Stillger (2023)

30 :

| — (@) — (@)

25} — a5(v/QQo) — s(p)

> ! Q=1TeV, AY =2 ]

Matthias Neubert — 22 JGU Mainz (



SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Surprising suppression of higher Glauber contributions

Matthias Neubert — 22’

~SLL+G /A
(O " / U)qq’—>qq’ [%]

JGU Mainz

P. Béer, MN, M. Stillger (2023)

1200 - _
'\, — =1 — (=3
10_‘ s -
I b=2 — X2, -
8t :
6 :
4t .:
2t
of _:
IIOI - I2IOI - I3IOI B I4IOI - ISIO
QO[GG\/]
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Partonic channels contributing to pp — 2 jets (gap between jets)

T. Becher, MN, D. Shao, M. Stillger (2023)

I/
forward scattering
— a5(Qo) — a(Q) _
— a,(/QQo) — s(pt) ]
Q=1TeV, AY =2 |
IIOI - I2IOI - I3I0I - I4IOI - ISIO

Matthias Neubert — 23
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Surprising suppression of higher Glauber contributions

P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)

"'=1TeV, AY =2

— a(Qo) :
& 30 — a,(VQQy)-
i , o O‘s(@)
qob e
10 20 30 40 50
QO [Ge\/]

>
JGU Mainz 1tp
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Partonic channels contributing to pp — 2 jets (gap between jets)

T. Becher, MN, D. Shao, M. Stillger (2023)

SO = _

j —as(Qo)  —as(Q)

40} — (v QQo) — s(pt)

X : QQ=1TeV, AY =2 ;

% 30:_ forward scattering

D
— : () fmmmmm e e i e e s
L [ ' i /"(;-I—oop '
= 20 ] [,/ —n=0,1,2
& | —20p s =3,4,5
10_‘\ 1 : i n=6,7,8 ]
—40T — Xl ]
O ..........................................
10 20 30 40 50 10 20 30 40 50
Qo |GeV] Qo [GeV]
JGU Mainz
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Partonic channels contributing to pp — 2 jets (gap between jets)

T. Becher, MN, D. Shao, M. Stillger (2023)

50 g _

; —as(Qo)  —as(Q) ! ]

40| — (v QQo) — s(pt) : - :

g : QQ=1TeV, AY =2 | I ]
% 30;_ IIIII forward scattering | _
St 1 oleeoo _ .
© RG improved O_—' CoemmTTTTTT _
=~ 5ol ; | -7 6-loop _ |
= ; ; |, — n=0,1,2 ]

n [ ]

= 1 =zin =345
10;’\ j i n=6,7,8
—40T — Xl ]

O' ..................... N N S S S S R S S SR S S S S S S T S S S
10 20 30 40 50 10 20 30 40 50

Q() [GGV] Q() [GGV]
JGU Mainz
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Visible effects of higher Glauber contributions

P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Partonic channels contributing to pp — 2 jets (gap between jets)

T. Becher, MN, D. Shao, M. Stillger (2023)

—aQ)  —aQ)
— ay(/QQo) — s(p)

Q=1TeV,AY =2 -
forward scattering
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SCET AND THE GLAUBER SERIES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Large effects of higher Glauber contributions

P. Béer, P. Hager, MN, M. Stillger, X. Xu (2024)

R T R T R R : 20
I —Ozs(Qo) ] [ — (=1 — [ =
25¢F . 15F-
S — os(vVQQo) | X | (=2 — X7
20 10t ~e.

N J
\ ~s - 4
s\ T ~~~ -
=) n N i =) ~ i
> i ‘. | =) i -~ |
Lo o — (@) ] L - Tt ]
> i > i Seag |

D | > - T — e =a L
-
< [~ o < [ |
L ~\ 5 -

~~ ™~

Matthias Neubert — 25’ JGU Mainz






SCET AND THE GLAUBER SERIES

EXACT ANALYTIC RESULTS WITH FIXED COUPLING e

Asymptotics for a,L; ~ 1, a;L% > 1 derived using a fixed coupling

» Analytic expression in terms of 2-functions:

( 0 )

—23(1, 1;w)
272 Qg 3 2 o
U (ks 1) s = ——5 N (W Ls> 3(5, L w) Kampé de Fériet functions
2 [Z(%, L;w) — (1, 1;w)] N. as(R) L2
\2C= [£(0, L;w) — £(4, 1;w)] W=

( 0 \

-1 [Kl22(17 L L Liw) + 55 (L1, 5, 1;w)]

K12 E(%) 17 17 17 w) + Nig Z(%? 17 %7 17 w)

T Qs - \5 integrals of
USLL (tn, 1) s —NS’(—LS) 2[1{122( 1L Lw) + 5 2(5, 1,3 1w)] 9

Kampé de Fériet functions
—2[[(122(1 1,1, Lw) + 25 51,1, L 1w]

20¢ [sz(o 1,1, Lw) + 5 50,1, 4, ]
\2CF[K1 23,11, L w) + 5 2(4, ;1w)])

»
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SCET AND THE GLAUBER SERIES

EXACT ANALYTIC RESULTS WITH FIXED COUPLING o

Asymptotics for a,L; ~ 1, a;L% > 1 derived using a fixed coupling

» Analytic expression in terms of 2-functions:

( Connw =2 VT o),
U, 1) s =~ N, (22 1,) R TRUPI L LSE N )
1
\wF[ [(5(01 S0 1) g In(4w) e 2 4?02 @),
( 2(1,1,1,1;10):%—;2\5/; +O0(e™),

—V2In(1+v2)] 15/7(2— f)

15 2
1 5
21 LLLw) = - =

Ofe™?),

- wd/2

5011 1wy = 22 - BYT oy
(3

T Q 5
Ugi)L(/ihM) = o= N7 (_SL) 2[K12 ;
c 60 30 21 "
S0 AT 2 (K 22(1,1,%,1; w) == [VZIn(1 +v2) - 1] - ﬁu(];/c ) L 0@ %),
— 12
15{ 502 3 1 1527 In 2 w
Y(iq1.171: _Zm?2-12L VR T L O(e 2
s [ 20 B [ ()] - o
30 1n%(1 +2) 307 In(1 + V2
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Matthias Neubert — 26’ JGU Mainz

>

tp



SCET AND THE GLAUBER SERIES

EXACT ANALYTIC RESULTS WITH FIXED COUPLING CeTe

Asymptotics for a,L; ~ 1, a;L% > 1 derived using a fixed coupling

» Analytic expression in terms of 2-functions:

E(Ula 1,’(1})

To1 051 s

w w
» Parametric suppression:
-\ [+1 Y
L 1 ( o L
Uy g T e (el L = w)?
sl i) ~ o Ne T ) WiE T i e,
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SCET AND THE GLAUBER SERIES

FUTURE CHALLENGES

Important open questions

» How to include multiple soft emissions (single-log effects), and how
large is their effect? Does large N, help?

Matthias Neubert — 28 JGU Mainz
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SCET AND THE GLAUBER SERIES

FUTURE CHALLENGES

Important open questions

» How to include multiple soft emissions (single-log effects), and how
large is their effect? Does large N, help?

p

» Can collinear factorization violations be
understood in a quantitative way, and at

which scale (Q, or Agcp) do they occur?
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SCET AND THE GLAUBER SERIES

FUTURE CHALLENGES

Important open questions

» How to include multiple soft emissions (single-log effects), and how
large is their effect? Does large N, help?

p

» Can collinear factorization violations be
understood in a quantitative way, and at

which scale (Q, or Agcp) do they occur?

» Implications for LHC phenomenology?
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SCET AND THE GLAUBER SERIES

FUTURE CHALLENGES

Important open questions

» How to include multiple soft emissions (single-log effects), and how
large is their effect? Does large N, help?

p

» Can collinear factorization violations be
understood in a quantitative way, and at

which scale (Q, or Agcp) do they occur?

» Implications for LHC phenomenology?

» Our analytical results will be relevant for
validations of parton showers with quantum interference

Z. Nagy, D.E. Soper (2007, 2008, 2012, ...)
R.A. Martinez, M. De Angelis, J.R. Forshaw, S. Platzer, M.H. Seymour (2018); J.R. Forshaw, J. Holguin, S. Platzer (2019-2022)
M. Dasgupta, F.A. Dreyer, K. Hamilton, P.F. Monni, G.P. Salam (2020); M. van Beekveld, S.F. Ravasio, G.P. Salam, A. Soto-Ontoso, G. Soyez et al. (2022, 2023)

>
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SCET AND THE GLAUBER SERIES

ANALYTIC RESUMMATION AT FIXED COUPLING

Contribution to partonic cross sections (fixed coupling approximation)

» Infinite series can be expressed in closed form in terms of a prefactor

: , .. . : N .«
times Kampé de Fériet functions X(v;, w) with w = —— L? and
T
0 1 | 3N, £ 2 2(N.+1)
Vn = y V1 = — Vo — v p— v p—
0 1 9’ 2 ) 3,4 2Nc ) 5,0 Nc
1.0z
0.8}
0.6
S.\
=
104
- — full result ,"
0.2} --- small w
:——largew
0.0 . R R . N \ 00. N B K R
0.05 0.10 050 1 5 10 0.1 05 1 5 10
w w
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SCET AND THE GLAUBER SERIES

ANALYTIC RESUMMATION AT FIXED COUPLING

Contribution to partonic cross sections (fixed coupling approximation)

» Infinite series can be expressed in closed form in terms of a prefactor

: , , . : : N .«
times Kampé de Fériet functions X(v;, w) with w = —— L? and
TC
1 3N, + 2 2(N, +1)
vo =0, V=g, vy =1, V3,4 = V5.6 =

2N, ' N,

~

Asymptotic behavior for w > 1:

Xo(w) = zi <1n(4’w) +7E — 2) L oW

w A2
3arctan (Vv — 1
S0, 1w) = arctan (v/v — 1) 3T L Ow)
\_ Vo —T1lw 2,/v w3/?2 Y
= much slower fall-off than Sudakov
form factors ~ e=¥
00005 010 050 1 510
w >
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SCET AND THE GLAUBER SERIES

CONSTRUCTION OF THE COLOR BASIS OPERATORS

Comments on the construction of the color basis

» Recall that T°and V¢ only depend on generators of partons 1 and 2,
whereas T brings in the generator of one additional parton j

» Hence, there are two types of structures:
CCl EQ T} or CCl 52

» Color structures C; contain products of color generators of parton i;
they carry two matrix indices (fundamental or adjoint) as well as an
open adjoint index for each generator

» Such structures can be built from symmetric products:
(k)ai...ar l Ao (1) Ao (k)
C! = » T T,

1
oES|
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SCET AND THE GLAUBER SERIES

CONSTRUCTION OF THE COLOR BASIS OPERATORS

Comments on the construction of the color basis

» Open adjoint indices are contracted with ¢, which can be built from
Kronecker §, f- and d-symbols (higher d-symbols defined recursively):

C(O) _ 1, C(2)a1a2 — Jaiaz ’ C(S)a1a2a3 c {Z-falagag 7 da1a2a3}

» For identical initial-state particles, the structures (including angular
integrals J;) need to be symmetricunder 1 < 2

» For initial-state quarks or anti-quarks, symmetric products of
generators can be reduced to linear form

» For initial-state gluons, all indices are adjoint ones

for more details, see Section 2 in: P. Béer, P. Hager, MN, M. Stillger, X. Xu (arXiv:2311.18811)
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