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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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

v

red: Coulomb gluons » Phenomenological consequences?

blue: gluons emitted along beams

green: soft gluons between jets

Matthias Neubert — 1 JGU Mainz mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

THEORY OF NON-GLOBAL LHC OBSERVABLES

SCET factorization theorem

o2 m(Q, Qo) = Z /diE1d£E2 Z kﬂﬁ({ﬂ}a@ﬂj@?

a’7b:qaqag m:2—|—M +

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

R.A. Martinez, M. De Angelis, J.R. Forshaw, S. Platzer, M.H. Seymour (2018) hlg h Scale IOW Scale
J.R. Forshaw, J. Holguin, S. Platzer (2019-2022)]
4 . - : )
N 7N /
-
s @ ........... / N,
\ — J

= new perspective to think about non-global observables!

Matthias Neubert — 2 JGU Mainz

mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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 2)

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 — 4 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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)

Matthias Neubert — 5 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

9 Glauber phase
Vm:Vm+VG—|—ZV;CIH'u7 l
102

Fr=T+V-+T°lnt
. 112 S

soft emission collinear emission

Wlth . (collinear div. subtracted)
4 . _ )
® color coherence without Glauber phases: H,,I'T' =H,,I'T¢
e collinear safety: (Hp T°®1) =0
e cyclicity of the trace: (Hn VE®1)=0
- J
Matthias Neubert — 6 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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 — 7 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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 — 8 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

GLAUBER SERIES

Structure of the cross section

» We found:

3 (21) b ean (B L) (Simn) (2 22) "
v v v

n=0

» Introduce two O(1) parameters:

W — Neos (1) L2 W, = Neas(fn) 2
T T

» Including multiple Glauber insertions:

a. L
GSLL+G Con wf; .

€ ¢=1 n=0
4 Relevant color traces:

Crpy = (Moo (D) V(@) VE (D) VE(I)* VET)
P. Béer, M. Neubert, M. Stillger (2023)

>
Matthias Neubert — 9 JGU Mainz fT‘tp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

GLAUBER SERIES

Structure of the cross section

» Including multiple Glauber insertions:

o L oo 00
O_SLL+G ~ E : E : Com wﬁ wn+£
m N,
E:l n=0

» Relevant color traces:
Cly = (Hamns (T VE (D) VE (09 VE (1) VOT)
require an enlarged operator basis: 5 (gq, gg, qg scattering),
20 (gg scattering), and 14 (qg, Qg Scat'tering) P. Bder, P. Hager, M. Neubert, M. Stillger, X. Xu (2023)

» Leads to 27 sums and complicated scale integrals
= no resummation possible beyond ¢ = 1!

Matthias Neubert — 10 JGU Mainz i | |
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

GLAUBER SERIES

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 521—3 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|

Matthias Neubert — 11 JGU Mainz mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

GLAUBER SERIES

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(B)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, M. Neubert, M. Stillger, X. Xu (arXiv:2311.18811)

Matthias Neubert — 12 JGU Mainz mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Surprising suppression of higher Glauber contributions

P. Béer, M. Neubert, M. Stillger (2023)

12_ --------------------- _

— (=1 — (=3
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\g 8_-
I
S
©
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T4

—
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n I
& o
Of
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Qo [Ge\/]
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Surprising suppression of higher Glauber contributions

P. Béer, P. Hager, M. Neubert, M. Stillger, X. Xu (2023)

X

? e
2 . _
o =20t =1 TeV, AY =2
cD\ . -
é’ — a(Qo) :
@p) i 4
© 307 — a,(v/QQo) ]
! ) — (@) _
qolb ol
10 20 30 40 50

Qo [Ge\/]
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Dust Settles...

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

Matthias Neubert — 15 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Master formula for the cross section

oo n

SLL
JQ—)M(QO) — Z /dxl /de fl(ajl;/is) fZ(ZUZHLLS) ZZ Irn(,uha,us) Crn
i€{q,d,9} n=0 r=0 ph = Q
where: cusp anomalous dimension ~ Qo
Fh ] 1 2 Hr—1 l 2 Hr d 1
Lo (fns ths) —LS M—Ml'}’CUSp(Ml) IHZ—% /S %%uSp(ﬂr) ln':—% /S ::: %uSp(Mr)
T t?l:l@S
Pr+1 ] 5 M2 pn ] . H2
></ &’Ycusp(ﬂrntﬁ In T—gm / Pt Yeusp (fn+1) In n;rl
m Hr4-2 M, ps  Hnt1 Kn

(n—r) times

Hn+1 d,un—|—2 Hnt2 dpn 43 o (,un—I—S)
X Ycusp ,un-l-2)
T Hs

s Hn+-2 Hn+3 Am

Crn = (Hooy (T) VE@T) " VET®1)

>

JGU Mainz 1tp
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM SR
r=0n=r r=0 (n—r)=0
Master formula for the cross section /
o0 n
o5 (Qo) = D /d:cl /dasz fi(@1, ps) fo(wa, ps) > > Ten(ptn, rs) Com
i€{q,q,9} n=0r=0 pn > Q
where: cusp anomalous dimension ~ Qo
Hhdpy i / Mt dpy l s / Hrdpy 41
Irn s Ms) — — Jcus 1 G — Jcus r 1 ) cus r
(Lohs 11s) L it p(p) nu% o p(ier) nu%/ e Yeusp (H4r)
r’c?r?les
Pt dpag 4o Hr o / M 41 Hont
- Jcus T ] cus n |
e U ELL S el L

(n—r) times

Hn+1 d,un—|—2 Hnt2 dpn 43 o (:un-l-3)
X Ycusp ,un-l-2)
T Hs

s Hn+2 Hn—+3 47

Crn = (Hooy (T) VE@T) " VET®1)

>

JGU Mainz 1tp
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Recombine scale integrals and color structures

o5 (Qo) = ) /divl /d$2 fi(w1, ps) f2(xo, ps) (Honr UsLr(pns fs))

i€{q,q,9}

where:

o Hh d 1 2 Hr—1 d 2 M d 1
USLL(,LLhy ,us) — 5 FC/ a 'Ycusp(,ul) In ,U_% ce FC/ Hr 'chsp(,ur) In Iu—; VG/ Hrt fYcusp(,ur)
ps M ps  Hr 3 ps  Hr41

~"

r times Up > Y1 > oo 2> [y > ey
2

- c Hrel d:uT—FQ Iu'l“—l—2 c o dIuTH—l |
X Z I — 7cusp(#r—|—2) In ,LL2 A ﬁ “Ycusp (,un—i—l) In ,Uz
s n+ h

4

(n—7r) times

Hn41 d L Hn4-2 d Qo
v VG/ Hn+2 ”Ycusp(/in+2) F/ Mn+3 S(Zn—l—?))
7 7 Hn+3 m

>

Matthias Neubert — 17 JGU Mainz )



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Recombine scale integrals and color structures

o5 (Qo) = ) /divl /d$2 fi(w1, ps) f2(xo, ps) (Honr UsLr(pns fs))

i€{q,q,9}

where: |
ordered exponential U.(&h; pir+1)
= Hh d iy 2 Hr=1d . Hrd e
USLL(,Uha ,us) — Z FC/ o 'Ycusp(,ul) In ,U_% “e e FC/ “hr ’Ycusp(,ur) In ,LL_; VG/ St fYCUSp(:uT‘)
r—0  Jmus H1 Hp, . M Hh s Mr+1

r times Up > Y1 > oo 2> [y > ey
2

0 Hr+1 Iu2 fn q m
X Z FC/ M fYCUSp(/’LT+2) ].n /':—2|_2 . .. FC/ M ’ycusp(,un—}-l) ln ’I’L—2|—]_

(n—r)=0 5 s Hn+l ,th

(n—7r) times

Hn+1 d 9 L HUn 42 d 3 o 3
< VG/ Hn+ chsp(,un—l—2) F/ Mn—+ S(Mn-l— )
s Hn+2 Hn+3 4

S

»>
Matthias Neubert — 17 JGU Mainz )



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Recombine scale integrals and color structures

o5 (Qo) = ) /divl /d$2 fi(w1, ps) f2(xo, ps) (Honr UsLr(pns fs))

i€{q,q,9}

where: .
ordered exponential U.(&h; pir+1)

= Hh d iy 2 Hr=1d . Hrd e
USLL(,Uha ,us) — Z FC/ o 'Ycusp(,ul) In ,U_% “e e FC/ “hr ’Ycusp(,ur) In ,LL_; VG/ St Yeusp (:u?")
r=0  “HMs ! Hp, s for Kh s Mr+1

r times Up > Y1 > oo 2> [y > MUpyd
2

o0 Hr+1 d ,LL2 HUn d L4
X Z I‘C/ M’Ycusp(ﬂ?‘-l—Q) In ;;‘2 A FC/ M’YCUSP(,LLT)A—l) In n—2|—1

(n—r)=0 5 s Hntl 'th

(n—r) times  ordered exponential U,(tri1, fint2)

Hn41 d 9 L Hn4-2 d 3 o 3
< VG/ Hn+ chsp(,un—l—2) F/ Mn—+ S(Mn-l— )
s /,Ln_|_2 s ILL’I’L+3 47T

>

Matthias Neubert — 17 JGU Mainz 1tp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Rewrite the evolution kernel (ordered exponential) for the SLLs

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

UsLL({n}, “hdm ”1du2 "Zdus
SLL Hh,s Ns cusp anomalous dimension

l s (p3)

X Ue(ths 1) Yensp (s (1)) V€ Ue(pia, p12) Yeusp (s (112)) V'

4
where we define the Sudakov operator:
- 1 d,u Iu2_ Ly = Q
Uc(:uznu) — €XDP | A / — “Ycus 053( ) In —
: S p(2s0) M Hs = Qo
matrix on the space resums all double-
of basis operators logarithmic terms

>
Matthias Neubert — 18 JGU Mainz W‘tp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Rewrite the evolution kernel (ordered exponential) for the SLLs

» Expand out all terms except the log-enhanced soft-collinear piece:
Mhd ,Uld Mzd
Usta (), ) = [0 [0 [0

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 — 19 JGU Mainz 1)
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

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):

U(l) ({n} i ) _ /Nh% /ul d,ul+1 ﬁ U (N' , N')V (Cv (H)) VG Oés(,uH—l) F
SLL\ 12> ) s .. 10 .. e 11 c\Mi—1y M1 ) [Jcusp \ WYs\ M2 At

Ustirc({n}, i, i) = > USLn}, i, )
=1

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

Matthias Neubert — 20 JGU Mainz 1)



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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 — 21 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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 — 22 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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
Matthias Neubert — 23 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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

Matthias Neubert — 24 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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

Matthias Neubert — 25 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Introduce a color basis

» This yields:
SLL+G L
A= Y [da [defil€m) ol

partonic channels

x> (Haonr(pn) XY UL (pin, 1) <

=1 T

Wlth 5 process-dependent color traces

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

Uc(,uhalul)
s M1 s Hi+1

8 {H Jeusp (O‘S(ﬂi)) VE U (i, Mz‘+1)} Ycusp (Oés(lﬁz)) Qalpiie)

, A7t
=1

Matthias Neubert — 26 JGU Mainz
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

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 ( ’ )

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 — 27 JGU Mainz mtp



FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

Evolution functions with two and four Glauber insertions

y [=2:
327‘(‘ dx T2 da:
UéL)L(/ih f1s) S N/ e ln—
I
» [=4
1287r dxy
U, (s 1) < N? / T
N2—4 N2-4
K12 = (0'1 — 0'2)2 4N3 = Nc2

Matthias Neubert — 28

5(1(7

\

0 )
—5 Ue(1; pn, p12)
U(zalnuhnula,u?)
2 [Ue(35 s s s pr2) = Ue(1s i, p12) |
28 U1 i, pi2) = Ue(3: 15 s i, )]

" dxs /963 dro /x2 dxq
1

0
—32 [K12 Ue(1; i, pra) + ]\% Ue(1, 3
Kl? Uc(%ahﬂha#laﬁ%) +

2 [K12U(2717,Uh {1, Ha) +

—2 [Kle (15 o, pta) + 72

4U(

Ue(1,

2CF [KlgU(l M1, ,LL4)—|‘ U(l

2CF |:K12U(2717:uh7:u’17:u’4)+ U(

JGU Mainz

)99

Nig Uc(%a 17 %7 1;/”17/“”7”27'“3’”4)

L; Hhy K2y 3, :UJ4>:|

1,35, 1;

7277
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

A MORE POWERFUL FORMALISM

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

» Closed analytic expression in terms of a double integral:

( 0 \
_lUc 17 ) T
U(l) 327T2N diUl 5 TN, T 21 (1; peps pi)
Z st (ns phs) S = G hl_ — 204g sin” W lnx_l Uc(§7 L5 pns g, iz )
1=2.46,... 2[ (% L pop, o1, o) — Uc(l;,uh,,ux)]
\% [U (1 M1, ,um - Uc(%a 1a,uh7:ulnux)])

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

» Analogous results can be derived for processes with initial-state gluons
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

ASYMPTOTIC BEHAVIOR B

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

» Analytic expression in terms of 2-functions:

( 0 )

(2) 2 g 3 1 , L. .
Ugry, (ns prs) § = ——5 N (7 Ls> (5, Lw) Kampé de Fériet functions

2 [2(3,L;w) —X(1, 1;w)] N, a.(ji) 12

\2¢= [53(0, 13 w) — £(3, 1;w)] / w=—"—"—1L

( 0 )

3 [KeD(, 11 Lw) + 35 30, 1,4, 15 w)]

K2 ¥(3, 1,1 Lw) + 55 5(3, 1, 3, Lw)
4 integrals of

7 g 5
Ut (an ) s = 55 N2 (T L) | 2 [K 21,1 15w +

— 4
30 T N&

3 Kampé de Fériet functions
—2 |:K12 2(17 17 17 17 w) + i2 2 17 17 %7 17 ’UJ)]

% [Kw »(0,1,1,1;w) + Nicg (0,1, %, l;w)]
K_% [KlZE(%a 1,1, 1;w) + Nig 2(%, 1, %, 1;w)]/

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

Ik Q

L;,=In— =~In—

ASYMPTOTIC BEHAVIOR T

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

» Analytic expression in terms of 2-functions:

3 3w
( S, Lw) = = - 2YT 4 0e),
202 say o \3 o 3v2In(l++v2) 37 )
UgL)L(Mh fs) S = - T3 Ne (? Ls> 2 53, Lw) = <w ) \/i\{U;/2 +O0(w™),
2 [%(3,1
’ 3In(4w) +yg—2 3 _
\% [E(O, (0,1, w) = 5 ” + 10 + O(w™),
10 15
( 2<17171717w>zﬁ_2w\5//; O<€ )7
_1 15[2 — v21In(1 4+ V2 — w
2 [K”E( 2(3,1,1,1;w) = dl \fw?( +v2) 15‘/2(}?/2 2 o t),
K 2(L,
y 5 22 2(0.1,1, 1) = 23 — VT 1 o),
Ugi)L(/iha.“s) = _NS( Ls) 2 [K12 E(l
30 m ; [K 2? N(1,1,1,1w) = @ S V2 +v2) -1 - 30\/1();{3_ D, o),
- 12
15\/_ 5m2 3 1 15v/27 In 2 w
(51,5 Lw) = —; [———1 2—12L12< )]—W—k(?(e_?),
30In*(1++v2) 307 1n(1+\/_)

cLw) =

DO | —=

w2 w2 O(w™).
»>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

ASYMPTOTIC BEHAVIOR B

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

» Analytic expression in terms of 2-functions:

Z<,Ula 17 U3, 17 w)

0.1 0.5 1 5 10
w w

» Parametric suppression:

(im)’ = (as Ls)l“ 1

[
U(S]?JL(Mh7MS> ™~ (l 4 1)' c
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

PHENOMENOLOGICAL IMPACT (PARTON LEVEL)

Suppression of higher Glauber contributions now explained

>
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

PHENOMENOLOGICAL IMPACT OF RG IMPROVEMENT

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

SNy _

: — a;(Qo) — a(Q)

40:' — sy QQO>_C“S<,U) -

s 30! forward scattering -
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

PHENOMENOLOGICAL IMPACT OF RG IMPROVEMENT

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

oy _
: — a;(Qo) — a(Q)
401 — a5/ QQo) — as(pt)
R N forward scattering _
S ]
© f RG improved
S 20F h
7 i ]
Ol —;
O E ]
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

FUTURE CHALLENGES

Important open questions

» How to include multiple soft emissions (single-log effects), and how
large is their effect? Does large-N. help?
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» Can collinear factorization violations be
understood in a quantitative way, and at

which scale (Q, or Agcp) do they occur?
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FACTORIZATION OF NON-GLOBAL LHC OBSERVABLES (PART 2)

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 may 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)

>
Matthias Neubert — 34 JGU Mainz mtp



