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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

LARGE LOGARITHMS IN LHC JET PROCESSES
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

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+a§L3+...}

T

state-of-the-art
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

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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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

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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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

COULOMB 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)
» Soft anomalous dimension:
T, T, : -
F({]_?}7 lu) — Z % /YCU_Sp(Oés) In —IUSZ] + Z fyz(()és) + O(OZ?)
(7) l T. Becher, M. Neubert (2009)
where s; > 0 if particles i and j are both in initial or final state
» Imaginary part (only at hadron colliders):
Im T ({p}, 1) = +27 Yeusp(ws) Ty - To + (... ) 1
irrelevant
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF JET PROCESSES AT LHC

p
( / Loss of color coherence from initial-
state Coulomb interactions

\

o, » Weird "super-leading logarithms”

red: Coulomb gluons
blue: gluons emitted along beams

green: soft gluons between jets

doppsyp(s) = Y /d$1d$2 fayp(®1, 1) foyp(@2, 1) doab— 5 (5 = 1228, 1)
a’7bZQ7Q7g SLLs
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF JET PROCESSES AT LHC

p
( / Loss of color coherence from initial-
state Coulomb interactions

\

o, » Weird "super-leading logarithms”

» Breakdown of naive factorization

red: Coulomb gluons
blue: gluons emitted along beams

green: soft gluons between jets

dO_pp—)f(S) 7é Z /dajldajﬁ fa,/p(xlalu) fb/p(x%,u) dgab—)f(g — 33137257#)
aab:(ang Wlth,[/t ~ \/7\ - Q SLLs
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF JET PROCESSES AT LHC

o
Loss of color coherence from initial-
state Coulomb interactions
o, » Weird "super-leading logarithms”

» Breakdown of naive factorization
red: Coulomb gluons » Phenomenological consequences?

blue: gluons emitted along beams

green: soft gluons between jets el’C AdG EFT4jets

Need for a complete theory of quantum
interference effects in jet processes!
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

025m(Q,Q0) = >

a,b=q,q,9

m=2+M

/ dxdzs f: kﬂﬁf}(

{n},Q,
+

uj®

T. Becher, M. Neubert, D. Shao (2021) ‘
[see also: T. Becher, M. Neubert, L. Rothen, D. Shao (2015, 2016)]

high scale low scale
(q) SO P A
'\ /TN /"
.-
s @ ........... / s,
\ — J

= new perspective to think about non-global observables!
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

o
ab
0'2—>M(Q7QO) — E /diE1d£E2 E <Hm({ﬂ}7QaM) ®
a,b=q,q,9 m=2+M 4
T. Becher, M. Neubert, D. Shao (2021) ‘
[see also: T. Becher, M. Neubert, L. Rothen, D. Shao (2015, 2016)] hlgh scale |OW scale

Rigorous operator definitions:

m

d—3
ab({n} 0. /J 2Q2 Z H/dE E — ‘./\/lab { })>< ab({g}” (27T)d5<Q _ Z )5(d 1) ptot m({p})

spins 1=1 T 1=1

density matrix involving hard-scattering amplitude in color space

Matthias Neubert — 6 JGU Mainz mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

o
ab
02—>M(Q,Q0) — E /divldilfz E <Hm({ﬂ}aQaM) ®
a,b=q,q,9 m=2+M 4
T. Becher, M. Neubert, D. Shao (2021) ‘
[see also: T. Becher, M. Neubert, L. Rothen, D. Shao (2015, 2016)] hlgh scale |OW scale

Rigorous operator definitions:

—00

Wm ({n}, Qo,t1,t2) soft Wilson lines

/

I P 73(2) (Hi(p1) Ha(p2)] OF (trin) @5 (tam2) 8] (n1) .. Sf,(nm) | Xo)

with:

<Xs| S1(n1) ... Sm(nm) @F(0) @5(0) |Hi(p1)Ha(p2)) 0(Qo — Eye)

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

o
ab
02—>M(Q,Q0) — E /divldilfz E <Hm({ﬂ}aQaM) ®
a,b=q,q,9 m=2+M 4
T. Becher, M. Neubert, D. Shao (2021) ‘
[see also: T. Becher, M. Neubert, L. Rothen, D. Shao (2015, 2016)] hlgh scale |OW scale

Renormalization-group 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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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

Evaluate factorization theorem at low scale i, ~ O,

» Low-energy matrix element:
W”gri)({ﬂ}a Q07x17aj27 /'LS) — fa/p(xl) fb/p(xQ) 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 — 9 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

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(Oz?)

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)
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

Evaluate factorization theorem at low scale i, ~ O,

» Anomalous-dimension matrix:

([ Varur Royu 0 0 \
0  Vormi1 Ropmta 0
! = Z—S 0 0 Voinviso Roygo - .. —|—C’)(ag)
d 0 0 0  Voinmis ...

\ 5 z )

» Virtual and real contributions contain collinear singularities, which
must be regularized and subtracted

T (&,8) =6(1 — &) 0(1 — &) T + T (&) 6(1 — &) + 6(1 — &) TF (&)

I \/

soft / soft-collinear part collinear parts

Matthias Neubert — 11 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

Detailed structure of the soft anomalous-dimension coefficients
Glauber phase

2
Vm:VerVGJrz:vfln”T l
S 2
1=1,2 — G c v
__ ,U2 S
izl2 : 5 I I

soft emission collinear emission
(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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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

Detailed structure of the soft anomalous-dimension coefficients

where:

Matthias Neubert — 13

Glauber phase

2
Vm:VerVGJrz:‘/fln”T l
. S 2
1=1,2 — G c v
_ 12 @
izl2 7’ 5 I I

soft emission collinear emission
(collinear div. subtracted)

|
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

Detailed structure of the soft anomalous-dimension coefficients
Glauber phase

2
Vm:VerVGJrz:vfln”T l
. S 2
1=1,2 — G c v
__ N2 S
i212 : 5 I I

soft emission collinear emission
(collinear div. subtracted)

where:

F=2) (T -Tyr+Tr-Tyr) / 1 Wi —4 > Tir o Tjr Wy Onara(ni)
(47) (47)
W =wk ! d(n; —ny) ! d(n; —ng) ; wh = T
subtracted dipole emitter dipole emitter
Matthias Neubert — 14 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

Q
SLLs arise from the terms in P exp / du 'Y ({n},Q, M) with the

dim

highest number of insertions of '

» Three properties simplify the calculation:

® color coherence in absence of Glauber phases: A
H,T°T=H, T
e collinear safety:
(H,T°®1) =0
e cyclicity of the trace:
(Hpn VE®1) =0
- J

Matthias Neubert — 15 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

“d
SLLs arise from the terms in P exp / o 'Y ({n},Q, M) with the

dim

highest number of insertions of I'

» Under the color trace, insertions of I'c are non-zero only if they come
in conjunction with (at least) two Glauber phases and one T’

» Relevant color traces at @(a”+3L2”+3)

Con={(H,y_, ,, (T)VVET)"VET®1)

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

Ty - Ny

dQ
J;j = / () (W{g- - Wg’g) Oveto(ng); with W} =

4 ng - NENj - N

Matthias Neubert — 16 JGU Mainz

mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

General result for 2 — M hard processes

- M+2 4 6 ]
Crn = =256 (AN | Y ;> e (Hon O — o Y d7 (Haou Si)
| j=3 i=1 i=1 -

T. Becher, M. Neubert, D. Shao, M. Stillger (2023)
Basis Of COIOF structures:

Ogj) — fabe fcde T2a {lea Tlc} Tyd o (1 NS 2) Sl — fabe fcde {T1b7 Tlc} {T2a7 TQd}

Oéj) = dade Apce T2a {T1b? Tlc} T}d - (1 NS 2) Sz = dade dpee {le’ Tlc} {Tza’ Tzd}

Of) = T¢ {T7, TV} T) — (1 2) S5 = dadechee | T3 (TVTSTY)  + (1 2)]
Oy =20, T, - T; — 20, T, - T, S, = {T°, T’} {T¢, T}

Ss =T - T

Se =1

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

General result for 2 — M hard processes

Cpn = —2567° (4N,)""

L Jj=3
Basis of color structures: /

Matthias Neubert — 18
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4
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

General result for 2 — M hard processes

Cpn = —2567° (4N,)""

Coefficient functions:

o) =277 [(3N, +2)" + (3N, — 2)"]

C('r) _ 2T_2N (3Nc + 2)7’ <3Nc . 2)r - (2NC)T+1
i | N.+2 N.—2  N2-
Cg"):2 1[(3N+2) (?)NC—Q)T]
) _ gt [BNe+2)" (3N —2)" 2N
! N, +1 N.—1 N2—1

Matthias Neubert — 19

- M+2 6
> Z D (Hosn OF) = Jo Y a7 (Hasur Si)
| j=3 i=1 i=1 |

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

A\ =23 (N, 4+ 1)+ (Ne = 1)"] =271 [(BN, +2)" + (3N, — 2)"]

N.4+1) (No—1"7 o [BN.+2) (3N.—2)
_ 92y,
Not2 N, —2 N.+2 | N.—2

4y = g2, [(

dy) = 27N,

N.+2 | N.—2 N2 —

(3N.+2)" | (3N.—2) <2Nc>7"“]
4

dy) =25 [(N.4+1)" = (N. = 1)"] =27 ' [(3N. +2)" — (3N, — 2)" ]

N, +2 N, —2 INTH
N, +2) — r :
N, +1 (3Ne +2)' N, —1 J

d\" =27 (Cy + Cy) {
27" 1N,

3
dg") _ 23r+1 0102 [(Nc + 1)7“—1 + (Nc o 1)7"—1] (]_ — (57«())

3N +2) | (3N -2 2N
N.+1 N.—1 N?2—1

[(N + 4) (3Nc + 2)r + (Nc - 4) (3Nc — 2)1" — (2Nc)r+1]

. asene [(

JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RESUMMATION OF SUPER-LEADING LOGARITHMS

General result for 2 — M hard processes

- M +2

4
Crn = —256m% (4N)" " | Y ;Y 7 (Mo OF)) — T Z A" (Ha oy S>

L j=3 1=1 =1

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

» Series of SLLs, starting at 3-loop order:

©.@)

ls" n+3 —
_ . =S L2’n—|—3
OSLL = TBomn ) (47r) 2n—|—3 | Z 4r

n=0

from scale integrals (at flxed coupling)

» Reproduces all that is known about SLLs (and much more...)

Matthias Neubert — 20 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Contribution to partonic cross sections

» 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 1 3N, & 2 2 (N, £1)
Vn = = — _— p— p—
0 ) U1 ) U2 ) V3.4 2Nc ) U5,6 Nc
1.0 o
0.8}
— 0.6
S.\

| full result i

02f---smallw |
L largew |
00 0I05 | OIIO II 0I50 - i III é I” IIIO | 007 01 II 05. l - 5 | 10
w w

Matthias Neubert — 21 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES

RESUMMATION OF SUPER-LEADING LOGARITHMS

Contribution to partonic cross sections

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

: , , . : : N .o
times Kampé de Fériet functions X(v;, w) with w = —— L? and
TC
1 3N, + 2 2 (N, + 1)
U():O, U1=§, ?}2:1, 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 )_ 3/ L Ow)
\_ Vo —T1lw 2,/v w3/?2 Y
= much slower fall-off than Sudakov
form factors ~ e=¥
e T
w >

Matthias Neubert — 22 JGU Mainz 1)



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

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

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

1] — _
| — (@) — (@)

25:_ —QS(M)—%(M) ]

> ! Q=1TeV, AY =2 ]
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

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

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

—aQ)  —aQ)
— ay(/QQo) — s(p)

Q=1TeV,AY =2 -
forward scattering

Matthias Neubert — 24 JGU Mainz



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

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

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

SOpr vy v _

j —as(Qo)  —as(Q)

40} — (v QQo) — s(pt)

X : QQ=1TeV, AY =2 ;

% 30:_ forward scattering

D
—~ : e
L [ ' i /"(;-I—oop '
4 207 ‘_ % —n=0,1,2]
& | —20p s =3,4,5
| —40T — Xl ]
O ..........................................
10 20 30 40 50 10 20 30 40 50
Qo |GeV] Qo [GeV]
JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

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

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

0 p——
N |
T 20
S .
© :
= =30+ ]
C%b f forward scattering |
- _40:_ _043<Q0) _043<Q) _
: — a5(/QQo) — s(pt) 1]
I Q=1TeV, AY =2 |
sob e e e
10 20 30 40 50

»
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Rewrite the evolution kernel (ordered exponential) for the SLLs

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

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

“hdm MdﬂQ "2d,u3
Usii({n}, fin, 11s) / / / cusp anomalous dimension

l !
X UC(’uh"ul)’YCUSP(OéS(Ml)) VG UC(M17M2) “Yecusp (Oés(:u2)) VG S(Mg)

4
where: ] ]
M d/,L ,LL2
Uc(:uia :u]) — €XDP | / — “Yeusp (053( )) In — Hp = Q
i ,LLj ILL ILLh
matrix on the space resums all double-
of basis operators logarithmic terms

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Rewrite the evolution kernel (ordered exponential) for the SLLs

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

P. Béer, P. Hager, M. Neubert, M. Stillger, X. Xu (2024)
SLL({2}, fns fhs)

s\ U3 ) =
X Uc(:uha :ul) /YCusp (058 (,ul)) VG Uc(,ula /1,2) f)/cusp (as (NQ)) VG iﬂ_g) r

» All double-logarithmic terms are exponentiated!

» One scale integral for each insertion of VGand T’
» Easy to include running-coupling effects

» Asymptotic behavior of U.(u;, 1t;) determines the asymptotic behavior
of the resummed series

Matthias Neubert — 28 JGU Mainz 1)

tp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Introduce a color basis

» Simplest case of (anti-)quark-initiated scattering processes:
1

Xl:zjjifabchaTScha X4:EJ12T1’T27
7>2

X2:ZJj (Ul—OQ)dabchLszfl}C, X5:J121,
Jj>2

1
Xy= > J; (L -T)- T,

€ j>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 — 29 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Introduce a color basis

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

(1 0 0 0 0)
0O 1 0 0 O
e —» N.I'°  with I = 0 5 0
Positive eigenvalues: {0, 1/2, 1} < _Cl L
(additional ones for initial-state gluons) \0 O_le 0 O)
Recall: o
Usis({nonu) = [ [0 [0
ps MU Jpg M2 S, M3
X Uc(,uha :ul) ’Ycusp (as(,ul)) VG Uc(,ula ,LL2) chsp (058 (M2>) VG O‘si;[:S) F
Matthias Neubert — 30 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Introduce a color basis

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

(U y) O 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 H2 Us H3
s (p3) =
X Uc(,uha :ul) ’Ycusp (as(,ul)) VG Uc(,ula ,LL2) chsp (058 (M2)) VG 47'(' r
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Introduce a color basis

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

(0 20,5 & 0 0)
L 0 0 0
VG = 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(,ula ,LL2) /ycusp (058 (M2>) VG iﬂ_S) r
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Introduce a color basis

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

(1)
0
0
0

VET — 16inX; = 16in X1 ¢ =

\0/

s\ U3 ) =
X Uc(,uha :ul) “Ycusp (as(,ul)) VG Uc(,ula :LL2) Yecusp (058 (M2)) VG iﬂ_S) I
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

A MORE POWERFUL FORMALISM

Introduce a color basis

» This yields:

UgiI}W(QO) — Z /dfl /d& f1 51 Ms) f2 527,% <H2—>M ,uh T> USLL(Mh,Ms)C
nartanic channale T

5 process-dependent color traces

with:

edpy [ dpy (M2 dps o
USLL(%MS)—mmN/ “/ “2/ p us

X Uel(pth, 1) Yeusp (s (1)) V& Ue(paa, 12) Yeusp (s (12))

P. Boer, P. Hager, M. Neubert, M. Stillger, X. Xu (2024)

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RG-IMPROVED SLL RESUMMATION

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

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 two Sudakov factors:

U ( (1) ( )nuh M1, ,UQ) Uc(v(l);,uhnul) Uc<v(2);:u17:u2)
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RG-IMPROVED SLL RESUMMATION

Explicit form of the evolution function for SLLs

» RG-improved perturbation theory:
: 0 \
—35 Ue(1; pn, p1o)
Ue(5: 15 pons 11, o)
2 \Ue(3: 1s pins pins p2) — Ue(1Ls pis pio)
\2CE (UL pua, pia) — Uelh, L pans pia, p2)] )

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

327T dazg da:

X1

Usrr (fen, fts) S

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

RG-IMPROVED SLL RESUMMATION

Explicit form of the evolution function for SLLs

» RG-improved perturbation theory:

327T
Usrr (fen, fts) S

di

X1

» Fixed-coupling approximation:

272

Usir (pn, ps) s = ——— N

3

Matthias Neubert — 36

Ue(3

—lU(l'Mh,,uz)
X 7Nhaﬂlaﬂ2)
2 |Uo(3, 15 pny g, pia) —
\2C (U, (1; jur, piz) —

0 )

Ue(1; i, )|
U. (2,1,,uh,,ul,/~b2)u

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

X )

—23(1, L w)

Z(
2 [2(5 L w) -

\ 292 [%(0, 1; w) —

JGU Mainz

1;w)
¥(1,1;w)]

29

(27 17w)])

Kampé de Fériet functions

NC OZS(IEL) L2

v

w =

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

PHENOMENOLOGICAL IMPACT OF RG IMPROVEMENT

SLL resummation with controlled scale uncertainties

Matthias Neubert — 37

(67/8) g0 1

507

a( ) —%(Q)f

Q = 1 TeV AY = 2
forward scattermg

Q() [GGV]

P. Béer, P. Hager, M. Neubert, M. Stillger, X. Xu (2024)
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

PHENOMENOLOGICAL IMPACT OF RG IMPROVEMENT

SLL resummation with controlled scale uncertainties

S0 —————————————————— _
: — (@ ) _CVS<Q> :
40} as(v @
NS - Q=1 TeV AY S
L _ forward scattering
S :
© f RG improved
S 20F :
7 i :
&t ':
O E ]
10 20 30 40 50
Q() [GGV]

P. Béer, P. Hager, M. Neubert, M. Stillger, X. Xu (2024)
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

EXPLORING UNCHARTERED TERRITORY

Important open questions

» How to include multiple Glauber phases and multiple soft emissions
(single-log effects), and how large is their effect?
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EXPLORING UNCHARTERED TERRITORY

Important open questions

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

p

» Can collinear factorization violations be
understood in a quantitative way?

At what scale (Q or Agcp) do they occur?
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EXPLORING UNCHARTERED TERRITORY

Important open questions

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

p

» Can collinear factorization violations be
understood in a quantitative way?

At what scale (Q or Agcp) do they occur?

» What are the implications for LHC

phenomenology?
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 1)

EXPLORING UNCHARTERED TERRITORY

Important open questions

» How to include multiple Glauber phases and multiple soft emissions

(single-log effects), and how large is their effect?
p

» Can collinear factorization violations be
understood in a quantitative way?

At what scale (Q, or Agcp) do they occur?

» What are the implications for LHC
phenomenology?

» Results are relevant for future improvements of parton showers with
guantum interference
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