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Why jets?

® Jets allow to test perturbative
predictions at the highest
energy scales
— the ag running

* Jets allow to probe proton
structure at the smallest
distances (~10*° m)

— PDFs (uan Rojo’s talk)

® Jets allow to test:
Fixed order predictions
Resummation effects
ME + PS maitching
MPI + non. pert. effects

DESY. DIS 2019 Torino | 10 April 2019 | Radek Zleb&ik

(Simon Platzer’s talk)
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Jet detection at CMS - Particle flow (PF) algo

® Using all CMS components to |

Better angular resolution
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The CMS jet analyses

4 jet event

®* Inclusive jets at 8 TeV (20 fb1)*
® Inclusive jets at 13 TeV (71 pb™?)
* Triple differential dijets at 8 TeV \A\/

20 fb1)* A2

( ) /43%§$F
*R_, at 8 TeV (20 fb)* | \“\V”
* Azimuthal correlations at 13 TeV

(36 tb)

e Azimuthal correlations for back-to-

back jets at 13 TeV (36 fb?), new! *Includes QCD analysis
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Inclusive jets at 8 TeV

* The jet (anti-k, R=0.7) '

spectrum between %10”
20 GeV - 2000 GeV 6| g 10"
* Forward region 10°
3.2<|y|<4.7 only for 10
low-p. -
107
* Compared to fixed 104
order NLO predictions
(by NLOJET++) 107
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CMS Collaboration, JHEP 1703 (2017) 156

[arXiv

:1609.05331]
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g(x = 200/2760, 11 = 200)

Inclusive jets at 8 TeV — Power of Ratios .

g(z = 200/8000, 1 = 200)
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Inclusive jets at 8 TeV — QCD Analysis

* A significant constrain of

gluon PDF w.r.t. HERA-only fit

Gluon PDF at p=320 GeV

CMS NLO HERAPDF Method (Hessian)
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Inclusive jets at 8 TeV — QCD Analysis

®* Overall chi2/ndf ~ 1.2

* Slightly worse values for
forward jets 1.5<|y|<2.5

DESY. DIS 2019 Torino | 10 April 2019 | Radek Zleb&ik

Data sets Partial )(2 / Ndp
HERA I+II neutral current e™p, E, = 920 GeV 376/332
HERA I+II neutral current  e*p, E, = 820 GeV 61/63
HERA I+II neutral current  e*p, E, = 575GeV 197 /234
HERA I+II neutral current  e*p, E, = 460 GeV 204 /187
HERA I+II neutral current e p 219/159
HERA I+II charged current e'p 41/39
HERA I+II charged current e™p 50/42
CMS inclusive jets 8 TeV 0<y<05 53/36
05<y <10 34/36
10 ey =15 35/35
15 <y <20 52,29
20<y<25 49/24
25 <4< 3.0 49/18
Correlated x? 94
Global x?/ Ny 1471/1216
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CMS Collaboration, Eur.Phys.J. C76 (2016)
no.8, 451 [arXiv:1605.04436]

Inclusive jets at 13 TeV |
A legacy analysis of 2016,

° ' ;
Early 13 TeV jet data 2017 & 2018 data (~140 fbY) in
(antl-kT R=0.4, 0.7) progress
from 2015 with limited lumi T <71 pb” (13 TeV)
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3D scan of the dijet events

O o =
o o o

Subprocess fraction
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v

CMS Collaboration, Eur.Phys.J. C77 (2017)
no.11, 746 [arXiv:1705.02628]
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3D scan of the dijet events
prn > 50 GeV

19.7fb-1 (8 TeV)
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3D scan of the dijet events

* A reduction of PDF
uncertainty at high-x
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* 0. unc. dominated by scale

BHO(0) = 0120748
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CMS Collaboration, CMS-PAS-SMP-16-008

The R,, measurement |
* 0. unc. dominated by scale

' ' NLO 0.005
e The R_, Is the fraction of (Mz) = 0.11579-005
dljet events Where an eXtra « 0.35 CMS Preliminary 19.7 fb™ (8 TeV)
Jet IS “emlttEd” mm - E anti-ktFl:O.? —« Data/NP
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Jet-based Strong Coupling extractions

o All o  Jet extractions based

on 8 TeV data and NLO
fixed order predictions

Energy Lumi

Inclusive

. 8 TeV 20 fb
jets

3D dijets 8 TeV 20 fbt

R, 8TeV 20 fb?

® Uncertainty dominated by
the QCD scale
— NNLO predictions?

og(M,)
0.116
0.200

0.115

exp.
unc.

0.001

0.002

0.001

theor.
unc.

0.005

0.003

0.004

All a (M,) values compatible with world average 0.118+0.001
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Azimuthal correlations

s,

* Azimuthal angle between ==

leading and sub-leading =
jetinp,

AVR

®* The smallest azimuthal
angle between any 2 jets
Ay

Run/Event: 273450 /] 2520958696
Lumi sachon: 174
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Azimuthal correlations

1 01,2
dO‘1j2 dA(b]_Q

* For inclusive 2-jet 3-jet and
4-jet events (p)r’ > 100 GeV)

13 TeV 2016 data (R=0.4),
36 fb?

® Sensitive to the QCD
resummation effects
(P, , ~180°),
as well as to higher orders &
multi-leg ME (lower @ ,)
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CMS

Azimuthal correlations

(>= 2 Jets vs LO) 8 g D

35.9 fb (13 TeV)

Number of Jets =2

Anti-k; R = 0.4

Experimental uncertainty

PYTHIA8 CUETPE8M1

HERWIG++ CUETHppS1
MADGRAPH + PYTHIA8 CUETP8M1

® Best description by
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CMS 35.9 fb” (13 TeV)

Azimuthal correlations T
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CMS 35.9 o (13 TeV)
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Azimuthal correlations
in back-to-back region

35910713 Tew)

CMSs

% p™ o 1200 GaV w107 Humber of Jets =2
BoOT000<pt 100 GeV W0 ik, A= 04
¥ BOD = = 1000 Ge¥ w10 S
A TID= g™ o S Ga (0| rare Lo LAl
& BOD - pT OO el i)
O 500« T G0 Gel [xid]
® A0 ™ = 500 G (10
0300 < < A0 G (x10) it =
= Bl pT < S0 Gol _'_-\v-' 3
T P -=f
a2 (L Th
bt o i _ll‘+"" S, ..;!
aqe ¥ e T 7
..."'- --‘.-"" L .
- anga o me B bl
e i . -
EE = - =@
- - - b ol =
o i -3'.2-! -1..'1".’. - 2
T o-N T LL L] -
g . e E
o Y = i
g T T o =y
T - 3 o s
- - e B -
e - i = e gt =3
e g ® i 3
et 1 L iy = g =
- T Tl -
— s
E'FH. = ‘1.l‘l.'- i " -5
g E
| L 5
en'd oG R
A¢, (rad)

DESY. DIS 2019 Torino | 10 April 2019 | Radek Zleb&ik

?-

10°F 1
joref CMS il
- Prefiminary _ =
- m 200 < p™ <300 GaV (x10") rr:'hl_ F‘-g-_‘l =
1% uSive 2-
1'% & 300 < p™ <400 GeV (x10Y o puTHIAS =
= ¥ 400 < p[™ < 500 GeV (x10%) =
.”]'Iﬂ-_ T =

F @ 500 < p™ < 600 GeV (x107)

bl |

~
asgfo’ (13TeV)

CMS Collaboration, SMP-17-009

[arXiv:1902.04374]

170° < ®_, < 180°

\
(o 800 < p™ < 700 Gev x10%) )

12 !
107 57700 < p7™ < 800 GeV (x107) i
o[ © B00 <pi™ <1000 GeV (x10%) =
10 [ #1000 < ™" < 1200 GeV {x107) o
= S =
R RS - > 1200 GeV (x107) 3
L - i a0 —t"—]
T S ST,
o ] [ b o - = "
E ot =
,.H]-i_ b & & L
iy iy g Y o = -
En & a—i—g——a— =0
11]i__; & P S T e A —
Cy 5 ¥ v —F—F =
1= - M " & A - e -
?;.—+F|——l—-— I =
-”]- I | i i i [ i | |
170 171 172 173 174 176 176 177 178 179 180

Ao, [deg]

"y

CMS Expariment af LHC, CERN

Dt recorded. Sun Aug 14 1301217 2006 CEST
Run/Fwent FTEAAD | 71368468

Lumi sectior: 18

Leading pr = GOGGeY
Subleading pr = G94GN
Leading v =023
Subleading v = (L5T
|':'h";'l'|lﬂ 17E.2°

page 20



jet

prn > 100 GeV
170° <o, ,<180°

3591 7(13 TeV)

Azimuthal correlations
in back-to-back region
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Azimuthal correlations
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Azimuthal correlations
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Azimuthal correlations
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Conclusions

® Inclusive jet measurements at 8 and 13 TeV
- Scan of a_ running up to the TeV-scale

— Reduction of PDF unc. at high-x & scales

e Triple differential jet x-section & R, measurement
- Enhance a_ + PDF sensitivity by going more differential
(but lower statistics)
* Azimuthal correlations between leading jets

- Testing PS & ME matching
e.g. MC@NLO (Hg7) found to perform better than POWHEG

http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/JETS.html
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