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Intro: Source of photon in proton collision

® Emission from a parton

® Perturbative emission
® Non-perturbative fragmentation D;_,,

® Hadron decays, for example:

0 — 2y

® How do we separate photons from different origins?
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Isolation cone

® Define a distance between parton i and photon +:

1 pil + pf
ri:\/(ni*n'y)2+(¢i*¢'y)27 77i:2|0g<|ﬁ’,:_plz>
i i

ouT .
® For r; > R OUT: no restrictions

® For r; < R IN: restriction on
Ehadronic

e Different types of energy
restrictions: Fixed energy cone,
Frixione cone
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Isolation criteria

® Fixed energy cone (E = ET at hadron collider):
Enad < Eiso = €yEy + Ethreshold ~ for ri < R
¢ Typically Eiso < E;, Etnreshold Sometimes 0

® Smooth cone (Frixione, 9801442):

1—cosR
® x(r=R)=¢,and x(r=0)=0

1 _ n
Ehad (r) < Eiso (r) = €4 Ey (cosr) = E,x(ey,n,R;r) forr <R

Fixed Energy | Frixione

~ from hadronic decays suppressed

non-pertubative D;_,. suppressed
NNLO computations done
Experimentally realisable

N % X% N
>x N s
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Factorization for « isolation, wide cone

® eTe orpp — v+ X with large cone, evEy = B, 64 < 1
® Factorization wide cone with x, E, = g

dg(di:m = 3" (Hoyem ({0}, Q. R) ® Sm ({n}, Qe R))
m=2

® Resummation of loge, in 1803.07045 v
® Narrow cone, log R terms?

Iso radius R | Total ¢ NLO
1.0 3765.1
0.4 4524.5 m
0.1 5431.1 AN

No isolation 5217.9 "N

Data from 0204023, log R

resummed in 1306.6498 v/
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Narrow cone factorization

® For R < 1 then o factorizes z = Eemb::mg, Eis, is isolation energy
do(Ewo, R) _ 403X
dE, - dE,
do;
+ Z / UJFY‘F"—W(Z E ElSO7 R)+O(R)

i=q,4,8

e 5" does not see the cone for R < 1 and ojy is pp — iY at LO
® Fi_, is the cone fragmentation function, what is it?

700000000
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Narrow cone factorization, E;, ~ E,

M ® Consider R < 1 and, Eg, ~ E;
e Foul is the same for Frixione
E,~5 —t—doa i and fixed energy cone
t e Fout is independent of Ei,
DGLAP .. .
v ® Frixione: D;_,, is suppressed
E,R~ EiiR —— 1;; e Fixed energy cone and Ej, not
4 small has non-perturbative part
DG%AP Fio e F depends on isolation
Aogcp —— Dy parameters
Foli(z, By, Eiso, R 1) = Fir (2, By, Eiso, Ry ) + F (2, REy )
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pp — v + X and fragmentation F for Frixione isolation

Pq

Pq

Pi
22 —2z+42
Pg—y(2) = P(2) = -, p,yT = zp,-T
ae? 1 R2 Q2
‘F((;E‘):’y (E’Y?n7 R7Z) - T; |:P(Z) <6 —In < H2 22(1 — z)2>> _ Z:|

. e’ 1 P(z) 1-=z
in Rz) =299 (,— |
Far (€ R, 2) 27 <z 1+ e,y> no < zey >
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pp — v + X and fragmentation F for fixed energy cone

® Same outside cone fragmentation

ou ae? 1 R2Q2
]:q—§1 (¢4, R, 2) = Tﬂq [P(Z) (e —In < 2 (1 —2)2)> —z:|

® |nside at NLO

Fin

11—y

(Za R7 E’Ya Eisonu) = [Dl’—W(E’vanu)

in 1
+ I (2. R, Ey, )] 9(2 “1r &,)

® Perturbative part

. (e, m R, z) = —F" (64, R, 2)
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pp — v + X and fragmentation F

® Qur fragmentation prediction vs MG5_aMCNLO NLO: predictions
should be in agreement for small R

o Compute Ao
Ao (E’Y’ n, R: Egef, ref’ Rref) — 0'(67, n, R) . O_(egef’ nref’ Rref)

® Compute Ao using Fi_. :

Z /01 dzdg% |:f'f~>fy (z,R, ey, n) — Fisy (z Rref. fy&.’f’nref):|
i=q,q

® Compute Ao using only MG5_aMCNLO

® Do it for both Frixione and fixed energy for different parameters
® Compare Ao fixed order MG5_.aMCNLO and Ao from Fi_,,
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Results: Frixione cone ¢, dependence

. P 1—
Fi' (e, n, R, 2) ~ (nz) In ( Z)

Z€y

R=R", n=n"=05, ¢"'=0.02

80

— AGpg R=04 gt
..... A0mg, R=0.4 no gluon ’
o Aok

20

0.0 0.2 0.4 0.6 0.8 1.0

€
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Results: Frixione cone ¢, dependence

. P 1—
Fi' (e, n, R, 2) ~ (nz) In ( Z)

Z€y

R=R", n=n"=05, ¢"'=0.02

80F —— AGpg, R=0.4

..... Adpmg, R=0.4, no gluon
—— A0, R=0.1
60F - Adpmg, R=0.1 no gluon
= o ACE
o
© 40
<

20

0.0 0.2 0.4 0.6 0.8 1.0
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Results: Frixione cone R dependence

R*®'=0.4, n=n"'=1.0, €,=¢,"'= 0.1

60F — A0mg,
,,,,, AGpmg, no gluon
o ACF

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
log(R"™'/R)

® Qur calculation for F allows us to understand the dependence of Ao
on its parameters, similar results for n dependence

® Good agreement even for R = 0.4
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Results: fixed energy cone R dependence

15
— Ao
x 10
&
<]
R*=04
5,
e, =10.5
0,

00 02 04 06 08 10 12 14
log(R"/R)

® Unlike Frixione, slope depends on €., note that ¢, = efff
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Results: fixed energy cone R dependence

70
. O',',®A]'—V,‘,_V,, €y =0.5 o
60 ¢« 0; ® A.Fi*p” 67 =0.1
« 0; @ AFi sy, €, =10.02 .
50+
— Ao, e, =05 i
= a0l — A0, e =01 .
N — Ao, e, =0.02
b L]
<1 30}
L]
20/ * R =04
L]
(]
101 .

80 02 04 06 08 10 12
1Og(Rr(‘,f/R)

® Unlike Frixione, slope depends on €., note that ¢, = egef
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Results: fixed energy cone ¢, dependence

70

60f \

50

_ _ref . i
® e =€, to avoid D;_,
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Resummation of log R

® Need to resum log R in F
® Non-homogeneous DGLAP:

d

dlin'u]:iafy(za Eja E:, ,u) = 7)1*)7 Z Pl*}_j ® -7'3%7

Jj=9.9.8

® Need non-homogeneous up to O (aas) (from 1512.00612) e

+ 8z

p _aa s TFY gl €5 (2022
g_w_27r27r 2 3

+?:iz —2(z+1) Iog2(z) — (10z + 6) log(z) — 16)

® Solve it using Mellin transform or in z space directly

® Both agree
® Mellin is here more efficient
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Resummation of log R: preliminary results

R*'=0.4, n=n"'=1.0, €,=¢,"'= 0.1

70} ]
e
60F — A0ng,
,,,,, A0y, no gluon
50 o ACF
=y Aoy
o) 400 ° FResum o]
% .
< 30f °
20
10p
0,

00 02 04 06 08 10 12 14
log(R"™'/R)
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Resummation of loge.,, R < 1 and ¢,

[o.¢]
Fion(2 REy, R Eiso 1) = ) _(Tissi({n}, R Ey, 2, 1)@ U ({0}, R Eiso, 1))
=1
1
® Small isolation energy Ei,, at
E,~§ —— dogy i LOU =1:
4 ® FEis, < E, non-perturbative
DG%AP suppressed
[ ]
E,R 1 TFi, Use code NGL_resum, performs
\ a parton shower to resum the
NGL Fisy o8
’ e Cone is narrow — boost the
EixocR —— U, system: cone is half hemisphere.
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® Factorization theorem for narrow isolation cone: for both large and
small Eis

® We compute the cone fragmentation function F at LO

® Test our predictions versus MG5_aMCNLO — small power
corrections, also for R = 0.4

® Better understanding of the dependence of the cross section on its
parameters

® We performed resummations of large logarithms of small radius R

® Next step: numerics of log e, resummation using parton shower code
NGL_resum: see https://pypi.org/project/ngl-resum/
2006.00014
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https://pypi.org/project/ngl-resum/

Thank you for your
attention!




