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Jet substructure observables

CMS Experiment at the LHC, CERN W W
Data recorded: 2017-Oct-20 03:55:39.135g68\aMIE N\ ||/

* Probe the Standard Model & search for new physics
* Heavy-ion physics and Electron-lon Collider

e Recent measurements of new observables

* Constraints on nonperturbative physics
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* Nonperturbative effects, UE make comparison challenging
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Jet substructure observables

* Relative angles between
different jet axes ; r <R

Neill FR, Sato "2 1 Q

@

* Energy fraction carried by
inclusive & leading subjets

Cal, Neill, FR, Waalewijn "20

* Comparison to recent ALICE & LEP data 22, 21
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Angles between jet axes

Cal, Neill, FR, Waalewijn "20

 Standard jet axis, E-scheme p%, = p% + p} .
j p12 pl p2 9: V‘CJ_VPT

4 Standard

* Winner-Take-All (WTA) Groomedt

* Follow more energetic clustering

* Insensitive to soft recoil

* et axis after removal of soft radiation, grooming

B
R ) Larkoski, Marzani, Soyez, Thaler " 15

* Angles are measures of soft physics
* Hadronization correction relatively well under control
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Collinear factorization for inclusive jets

°* Jet production pp — jet + X
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Collinear factorization for inclusive jets

, | 4 Standard Cal, Neill, FR, Waalewijn *20
* Jet production pp — jet + X Groomed\
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da.pp—)jet X

dndprdk |

= fa/p @ foyp @ Hoy @2 Ge(2,k1) + O(R?)

* Angle between Standard & WTA axes
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Collinear factorization for inclusive jets

Cal, Neill, FR, Waalewijn "20

°* Jet production pp — jet + X 1 I
dgPp—riet X ¢ 2 prR | G
dndprdk, Jasp @ fop @ Hap @2 Ge(z, k1) + O(RY) " B
* Angle between Standard & WTA axes e
I:T 5 lné
0
_ ;L o o o o o k”
Q,,;ST’WTA(kL,pTR, as(w)) NLL H;(prR, 1) /dzk’ C;(k',u,v) /ko" Sk, —k| —k,pu,vR) x SNC (p R)
T
Collinear Soft Non-global

TMD factorization, SCET), but IRC safe; Solve numerically in b-space w/ b+ prescription
Collins, Soper, Sterman "85

May 12,2022

Angles between jet axes

F. Ringer



Collinear factorization for inclusive jets

Cal, Neill, FR, Waalewijn "20

°* Jet production pp — jet + X 1 I
dgPp—riet X ¢ 2 prR | G
dndprdk, Jasp @ fop @ Hap @2 Ge(z, k1) + O(RY) " B
* Angle between Standard & WTA axes e
I:T 5 lné
0
_ ;L o o o o o k”
QiST’WTA(kL,pTR, as(w)) NLL H;(prR, 1) /dzk’ C;(k',u,v) /ko” Sk, —k| —k,pu,vR) x SNC (p R)
T
Collinear Soft Non-global

* Grooming requires additional resummation & multi-differential calculation in R,
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Comparison to ALICE data

Cal, Neill, FR, Waalewijn "20

* Theory corrected to charged-particle Angle between Standard & WTA axes
level — underlying event and charged
vs. full jets
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Comparison to ALICE data

Cal, Neill, FR, Waalewijn "20
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Inclusive and leading subjets

°* Jet production pp — jet + X

doPP— jet X : L | d I
dndprdz, fasp @ foyp @ Hygy @ Ge (2, 2,) + O (R?) ongitudinal momentum
T r |
of subjets
e B “p = prT/pT
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Neill, FR, Sato "2 1
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Inclusive and leading subjets

¢ Jet production pp — jet + X ’ 2 = ph/pr
JgPp— jet X Hc o R2 ;:'
* Differences between inclusive and leading jets 7 /5
< = Pr/PT

|. DGLAP vs. non-linear evolution

sZ ZzlaQR ,u Z/dZdzjldzkl - )Pz—>]k(z) t7] (ZjlaQRa :u) jk (ZkvaRa ILL)
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Solve with a parton shower
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Inclusive and leading subjets

¢ Jet production pp — jet + X ’ 2 = ph/pr
JgPp— jet X Hc o R2 ;:'
* Differences between inclusive and leading jets 7 /5
< = Pr/PT

|. DGLAP vs. non-linear evolution

2. Factorization structure

da(o)

—jet +X (O)
pl:ip.jrll — Z/deZ de] /dzz dZ] H (pT27pT]7 ,LL)

x Ji (Z”prz ) u7] (ZjaijR :u) X 5(pT1 — maX{Z’iﬁTiaZjﬁTj})
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Inclusive and leading subjets

Neill FR, Sato "2 1

* Jet radius

Quark

 Threshold resummation 6 Gluon Q = 91.2 GeV
R=04

=
/
< . NLL
LG =1
S 4 C
|
S

Inclusive

a
. %
I \'.
-. ...
a -«
C- ]
. "\
%
:3 - X "":._ -
R oy,
- S
Y W
o, (9
*
L

02 ] 04 0.6 0.8

Leading

F. Ringer Inclusive & leading subjets May 12,2022



Inclusive and leading subjets

Neill FR, Sato "2 1

* Jet radius

Quark
* Threshold resummation 6 Gluon Q = 91.2 GeV
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" Sensitive to non-linear QCD dynamics

Leading

F. Ringer Inclusive & leading subjets May 12,2022



F. Ringer

Data
Theory
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Comparison to ALICE data

Inclusive subjets
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Comparison to LEP data

ALEPH, 2111.09914
ALEPH Archived Data 1994, e*e” ¥s = 91.2 GeV
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Comparison to LEP data

ALEPH, 2111.09914
ALEPH Archived Data 1994, e*e” ¥s = 91.2 GeV
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Conclusions

ALEPH Archived Data 1994, e*e” s = 91.2 GeV

* New jet substructure observables : . o —
0.3-— Anti-k; jet R = 0.4 1 —_

* Quantitative comparisons to experimental results PR vt
* Results can constrain nonperturbative quantities T s -
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