Non-global logarithms in jet and isolation cone
cross sections

arXiv: 1803.07045 (MB, Thomas Becher, Ding Yu Shao)

b
u

b
UNIVERSITAT
BERN

AEC
ALBERT EINSTEIN CENTER
FOR FUNDAMENTAL PHYSICS

Mainz, August 1st, 2018

Marcel Balsiger arXiv: 1803.07045



Overview

@ Non-Global Logarithms
© Photon isolation cone cross section

© LL resummation of isolated photons

@ Summary
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Non-Global Logarithms

Non-Global Logrithms

Non-Global Logarithms

Logarithms appearing in the calculation of non-global obervables
are called non-global logarithms.

terms oc o In" <%) =aln"(B)
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Classical perturbation theory breaks down for small 5
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Non-Global Logarithms

" Order-By-Order" versus " Logarithm-by-Logarithm”

aj < O(1)

LO: o= ao+ O(as)
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Non-Global Logarithms
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Non-Global Logarithms

" Order-By-Order" versus " Logarithm-by-Logarithm”
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Non-Global Logarithms

" Order-By-Order" versus " Logarithm-by-Logarithm”

L= In(5)

asL o< O(1)

a;j X O(l)
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Non-Global Logarithms

" Order-By-Order" versus " Logarithm-by-Logarithm”
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Non-Global Logarithms

" Order-By-Order" versus " Logarithm-by-Logarithm”

LL: o= a+3 bpalLl™+ O (all"1)
NLL: o= a+> bmalL™+ 3 cnal L™+ O (afl"2)
NNLL: o= a+ > bmall™+ 3 cnal L™ 1 + 3 dpmal'L™2
+0 (aZL"3)
N3LL: o= a+ ) bnal L™+ cpalL™ 1+ 3 dpal L2
+ Y emal L3+ O (alLl"*)

Leading-Logarithm technique fixes perturbative approach
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Photon isolation cone cross section

Photon Production
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Photon isolation cone cross section

Isolated Photon
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Photon isolation cone cross section

Why should we care?

No experimental measurements possible of direct photon
production processes without such cuts!

® ER? s =48GeV+4.2x1073 x EJ
o §§THAS ~ 0.42 ~ 0.13 7 ~ 25°
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Photon isolation cone cross section

ATLAS Results

© 1.5 E

© 1.4 E

QO 1.3 £

= 1.2 E

2 1.1k E

o 1 3

O 3 E

|'E 0.9E 5 ATLAS
O.8é [ Vs=8TeV,2021b"
0.7 4 Data 2012
0.65— 3 - Lumi Uncert.
0.5E 3 nLO:

30 100 200 1000 - perercTHo
Eyl— [GeV] - JeTPHox CT10
arXiv: 1605.03495

Marcel Balsiger arXiv: 1803.07045



LL resummation of isolated photons

Factorization formula

Factorization formula for et e~-Annihilation

G 00) = 5% (Hoyem ({0}, Ey, Q,60) ® Sim ({0}, ¢, Ey b0))

H~+m "Hard function”: Squared amplitude of hard process
(consisting of m partons and the isolated photon)

{n}  Directions of the m hard partons ({n} = {n1,...,nm})
Sm  "Soft function”: soft radiation (inside cone)
® Integration over {n}

(...)  Sum over Colors

Marcel Balsiger arXiv: 1803.07045



LL resummation of isolated photons

Renormalization group equation

H+m fulfill renormalization group equations

gt Horm({n}, @, ) = = S, Hi({n}, Q, 1) T, ({n}, Q, 1)

e Compute M4 at characteristic high scale (such as p, = E,)
e Evolve H, i to the scale of S;, using RGE

e Compute S, at characteristic low scale (such as ps = €, Ey)
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LL resummation of isolated photons

Ingredients for Leading Logarithmic accuracy (large N.)

Hym(pmn =~ Ey) at LL

Hoyt2(in = Ey) = 00 + O(as)
Hoyim(pn = Ey) = Oas) Vm # 2

Anomalous Dimension at LL

vV, R, 0 0 ...
0 Vs R; O

F(l) — 0 0 V4 R4
0 0 0 Vi

Sm(ps =~ eyEy) at LL

Sm(ps & ey Ey) =1+ O(as)



LL resummation of isolated photons

What does the anomalous Dimension represent?

Formal:
R = 4N 32 W 00ur(nm 1)
dQ( m 1
Vm - _4’N Z f (n H ITIl
Wk — ___ih

g (nisn)(nenj)
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What does the anomalous Dimension represent?

Picture:
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LL resummation of isolated photons

Resummation by RGE at Leading Logarithmic accuracy

Renormalization group evolution

gian Horm({n}, Q, 1) = = 3, Hi({n}, Q, ) U1 ({n}, Q, )

Renormalization group evolution at leading log

4 H () = Him(t) Vi + Hime1(t)Rim—1

t:ilna(us)zf—;ln%jLO(ag)

Hn(t) = Hum(to) e=0IVr 4 [0 dt! Hp 1 (1)) Rppy e (E7HVm



LL resummation of isolated photons

Resummation by RGE at Leading Logarithmic accuracy

Hm(t) = Hum(to) e=0Vr 4 [0 dt! Hp 1(t') Rppq e 7V

Iterative procedure

Ha(t) = Ho(0)et2

Hi(t) = [y dt Ha(t') Roelt=t)Vs
Ha(t) = [, dt' Hs(t') Ry elt=t)Ve
7“5(15)

o(t) = Halt) + [ GBH5(t) + [ LB e () + . .
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LL resummation of isolated photons

Resummation by RGE at Leading Logarithmic accuracy
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LL resummation of isolated photons

Monte Carlo!

e generate a lot of H,;1»(t = 0) (using event generator
[Madgraph])

@ for every event

calculate V>

generate At

generate R, and calculate V3

calculate H3(At')

repeat for Hq(At' + At”) ...

restart the "showering”, as soon as we emit into the cone
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LL resummation of isolated photons

ete” > 7+ X

x,=0.1, 8 = /4

a (@)oo
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Summary

Summary

@ we resum non-global logarithms at leading logarithmic
accuracy using a parton shower;

@ flexible implementation by using Madgraph, Code can be
easily adapted to different non-global observables.

@ small-angle observables not (yet) accounted for;

@ going to NLL: higher-order corrections to matching
coefficients and anomalous dimension;

o N. = 3 difficult to achieve.
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Thank youl!
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