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Jet shape definition

Jet shape is average 2z, =p, ' /pr

! do do d
o) = [ e, / o) = 5

dprdndz,/ dprdn

Numerator & denominator integrated over jet kinematics pr,n



Jet shape measurements

Jet shape Is classic jet substructure observable, measured in
pp, Pb, ep, e e~ and heavy ion collisions

Constrain parton shower event generators fe.g. ATL-PHYS-PUB-2011-008

Study medium modification in heavy ion collisions
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2. Framewor
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Factorization for inclusive sample of jets with R < 1

J

pp — Jet + X for R << 1 [Kaufmann et al, Kang et al, Dai et al

do
— alTg) XD X ®Ha c\LasLb, 1], <
Ty = 2 1a22) © 1) @ Ml e/
®JC(Z7PTR)

Resum logarithms of wy/py ~ (prR)/pr ~ R with DGLAP

[see also Dasgupta et al]

1 /
dz’ oy , ,
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Factorization for inclusive sample of jets with R < 1

M

pp — Jet + X for R << 1 [Kaufmann et &y Kang et al; Dai et al

do

d77 de dz Z fa (xa> ) fb(xb) & Hab—m(il?a, Ly, napT/Z)

a,b,c

R\Ge(2, 2r, pT R, 7/ R)| Jet shape measurement

Resum logarithms of wy/py ~ (prR)/pr ~ R with DGLAP

[see also Dasgupta et al]
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Separating jet production from jet shape

At O(ay), real emission is either in or out of jet. Schematically,

=0(1—2)0(1 — 2z) + JP(2)8(1 — 2,) +6(1 — 2)AGYV) ()

= (6(1 — 2) + JM(2) (6(1 — z) + AGW(2,)) +O(a?)
—_— ~——————
Jet production jet shape [Kaufmann et al; Cal, Ringer, WW/]

This is NOT a factorization of scales

Jet shape has large logarithms for » < R. E.g. for quark jet
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Factorization for jet shape with r < R

h ar d
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ka_oll+ kj_oft _ O

(k= kT, k)
hard(-collinear) | pr(1, R?, R)
collinear pr(1,7%,7)
(collinear-)soft | pr(r/R,rR,r)

[Kang, Ringer, WW]|

Hard emissions must be out of the jet. Only collinear radiation
displaces jet axis

contributes to jet shape, but

gC(Z, mepTRy ’I“/R, ,u) — ZHcd(zapTRa ,u) /koJ_ Od(Zr,pTT, kJ_a:ua V)
d

X Sq(—k_,u,vR) {1 — (9(

r

R

Fine print: nonglobal logarithms of /R

)
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Resummation for r < R

Resum logarithms of puc/pug ~ ps/pwg ~ vs/ve ~ r/R with

d
d,u Hcd Z pTR /L Z/ _/Y(:e ,7pTR :u) He (ZlapTRa :u)
d C
:u@ Cd(z’mpT'ra kJ_mua V) = Vd (:ua V/pT) Cd(zfmpTTa kJ_a:ua V)
d
M@ Sd(kla M VR) — ’75(”7 VR) Sd(kJ_a M VR)
uiC(z r,k V)__/ko’ H(ky — K\, pn) Cy(z r k', v)
dV d\Zr,PTT, K1, W, - (277)2 ’}/d 1 J_?:u d\<r, PT J_MLL?
d 42K/, , ,
V@ Sd(kJ_7ILL7 VR) — (2 )2 Vd (k kJ_aM) Sd(kj_nua VR)

Anomalous dimension add up to that of g, not zero
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Resummation orders

Fixed-order 5 Yo Yy NGLs
InR LL tree 1-loop 1-loop - -
CNLL 1-loop 2-loop 2-loop - -
NNLL 2-loop 3-loop 3-loop - -
In(r/R) LL tree 1-loop 1-loop - -
NLL tree 2-loop 2-loop 1-loop LL
CNLL’ 1-loop 2-loop 2-loop 1-loop LL )
NNLL 1-loop 3-loop 3-loop 2-loop NLL

Single logarithms of R, double logarithms of r/R

Non-cusp part of Y IS only needed at one less loop






Collinear function

X
]

X
Jet axis

At tree level, parton is in/out depending on recoil 0 = k| /pr

C? =5(1—2)0(0 <)
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Collinear function

X
]

X
Jet axis

X
Jet axis

At tree level, parton is in/out depending on recoil 0 = k| /pr
C =6(1—2)0(0 <)

At O(ay), determining which partons are in/out involves
nontrivial ¢ dependence, due to recoll
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Collinear function at O(ay)

Quark jet with 6 < r

Cr 27 1 U 3\ /1 ,u2
c(f<r) = 2= / dpq0(1 —z)| (= +Ino—+ )= +1
q om2 ¢ 5l 2r) (77+ n2pT+4>(e+ np%( {nax)2>
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Jet axis...
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Residual ¢ integral, but1/e,1/n can be calculated analytically

Simplifies when averaging over z,
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Soft function

Only soft radiation inside jet recoils jet axis. Up to O(ay),

Syl vR) = (k1) +

OzSCF[_ 1 (ln(ki//ﬂ)) 1 1 VPR w o,

] ——0(k
| T2 TR ) (K2 /u2), 2 12 (k1)

Nonglobal logarithms [pasgupta, salam]

B a?CrC; 1 (ln(ki/(pTR)2)>
k1 /(prR)? /+

2471 (pTR)2
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Soft function and nonglobal logarithms

Only soft radiation inside jet recoils jet axis. Up to O(ay),

s 1 /In(k?% /p? 1 1 2p2 2
Sq(kL,ﬂ,uR)zgz(kLHaCF[_ (n(h/u)) 2R2 x2

] ——o(k
o | T2 TR e ) (K2 /u2), 4p2 12 (k1)

Nonglobal logarithms [pasgupta, salam]

a?CrC; 1 (ln(/{i/(pTR)Z)) B _oéCFCi In2 R
24m (prR)* \ K1 /(prR)* /+

/d2]€J_@(]€J_ < pT’I“) X — n
12 T

Upon integrating with the collinear function, this is the same
as the hemisphere CAaSe [Banfi, Dasgupta, Khelifa-Kerfa, Marzani]

Extends to Ieading ﬂOnglObal |OgS: [using Schwartz, Zhu; see also Dingyu’s talk]

R 4 R N. R
NG (T T2, 87 TTAy . = Qs
0 (L) i Tt T el T T -
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Matching r < R andr < R

102 F T T T T L L L L

= 10k

10" L

10° L

0.1 02 03 04 05 06 07 08 09 1

X

W(r) = {1 — 9(%)}%«1%(7“)
+9(%) Vr<r(T)

Choose transition function
based on jet shape at O(ay)

Avoids complications from
profile scales
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Scale choices and perturbative uncertainties

Central scale choice:

W = Pr pwg = prRR

Hwc = prr Hs = prr
B 1
N b, R

Fourier conjugate of k1.

Ve = Pr Vs

4
o ——
1-RGE
DT q v-RGE @
TT 1 >
; i >
pTi pr v
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Scale choices and perturbative uncertainties

Central scale choice:

UH = PT pg = pri po = prr ps = prr
1
1% — l e
C = Pr S bR
Scale variations: Fourier conjugate of k1
1. All scales x2, % £ 4
prRy
2. Uy, g both Xz,% -
3. pe, s both X2, 3 u-RGE
4

1 —_
. Vo ><2, B) pTT__ S v-RGE R @
5 !

. Vary transition in matching pr R
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Nonperturbative effects

L EBny = 7TeV, antiky B = 0.6, 7] < 2.8, s ssrassisssemms
Pythia 8.2 .
----- Partonic -
-.-- ISR )
—-—- [ISR+MPI —_
- —— ISR+MPI+had -
O. Y | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
0. 0.1 0.2 0.3 0.4 0.5 0.6

r

Significant effects from soft radiation: initial-state radiation,
multi-parton interactions and hadronization effects
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Nonperturbative model

Model 1 Model 2

A A ANew axis
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1: uniform contamination, ¥ (r) — ! Y (r) A /

14 f 1+ f
2. localized contamination, also displaces jet axis

(

R

!
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Nonperturbative model

Model 1 Model 2 L P T e o e T
A A aNew axis  [pr=00-80GeV--"" ___—===7""
: T 0.8 -
/<i( = ~ 0.6
% v > | Pythia 8.2
X & 7 0.4 - e Partonic ]
X\ Z —— MPI+ISR-+had-
SS 2 % 0.2 —-~- Model 1 -
S % 4 % — — - Model 2
) ! c e by e b e Ly
% \'/ % O'o 0.1 0.2 0.3 04 05 0.6
S <SS r
1: uniform contamination, ¢ (r) — ! W (r) / (T )2
' ’ 1+ f 1+ f\R

2. localized contamination, also displaces jet axis

Model 2 agrees better, used when comparing to LHC data
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ATLAS integrated jet shape

pr =60 — 80 CeV
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Good agreement. Perturbative uncertainty largest for small »
Nonperturbative effects o< 1/pr



ATLAS differential jet shape
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Nonperturbative effects particularly important in tail
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(not the region where /R resummation is important)



CMS differential jet shape
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Similar level of agreement

Slightly larger R and nonperturbative effects



Conclusions

First jet shape calculation beyond LL: recoil of soft radiation
Collinear function with recoil is more complicated

Rapidity resummation

Nonglobal logarithms are fortunately same as hemisphere
case, to the order we are working at

Good agreement with data when using nonperturbative model

Extending to groomed jet shape
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