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Jets as a probe of QCD & new physics 13 TeV LHC parton kinematics

107 g
f X5 =(M/13 TeV) exp(ty) ]
o 10°F Q=M M=10TeV A
* Jet production is the most fundamental process for §
studying QCD 107 |
* Improve the precision of proton structure studies 10° .....................
* Extract QCD parameters, e.g. strong coupling .
N> E
* Perform indirect searches for physics beyond the standard ﬁ
: : : 10'F M =100 GeV
model: high-p jets can probe the scale of new physics 5

New interaction
coupling
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Motivation: unbiased search for Contact Interactions (ClI)

* Expect appearance of Cl as deviations from the SM spectrum in jet

cross-sections at low-y and high-pr To ensure BSM effects

are not absorbed into
the PDFs, fit the PDFs

* The problem: The SM prediction is based on PDFs and obtained simultaneously when

from the same data using a SMEFT cross-
Determined experimentally! section prediction.
T Y T ; Q* @7\ \L J
Opp—+X = Z\fi(ml ur) fi(@ nuFZ@O'ij (513175'327043(@7 g’ M_F>

(Y]

\ . J

Experimental data Proton structure

SM or SMEFT

* Possible models: quark compositeness,

Z', extra dimensions LsmerT = Lsm + 9A2 zn: cnOn,
Type of CI c1 C3 Cs
Purely left-handed: free 0 0
Vector-like: free 2c¢; c1
Axial-vector-like: free —2¢1
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Analyses covered in this presentation

Precision measurement of the Z invisible width
Inclusive jet production at 5 TeV
13 TeV multijet production

Inclusive jet production at 13 TeV

Also featuring 13 TeV triple-differential ¢¢ cross-section measurement data
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Precision measurement of
the Z Invisible width at 13 TeV:

o(Z + jets)B(Z — vD)
o(Z + jets)B(Z — 4¢)

N(Z = wvp) = ['(Z — 00)

Instead of generic jets+MET dark matter
search approaches, measure Z invisible
measurement precisely

First direct measurement of Z invisible width
with CMS

Simultaneous fit to jets+MET, //+jets & /+jets

Transfer factor estimating W+jets background
IS an unconstrained parameter in jets+tMET
and /+jets
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CMS Preliminary 27.4pb”" (5.02 TeV)

_ o /"~ . N\ & F .
5 TeV inclusive jets dGoodbdescrlptlc_)rr\] o:] §1_4:-Ivl<o.5 §ZT§W o
SMP-21-009 ataby NLOwith the 1 2.t Ny 5 ), = p;
scale u = Hp and |3 S s
* Low pile-up data, 1D unfolding NNLO E—————

* Phase space pr > 64 GeV, |y| < 2.0 \ / 0.8f ] _+_

° Comparison tO (N)NLO W|th NNLOJET [l, 2, 3] :—Scaletheorysystematicunc.

. . 0.6 | — PDF theory systematic unc.
* Comparison of QCD scale choices [ — NP theory systematc unc.  antik, , R=0.4
0.4 1
: : : 70 100 200 300 400
* Various PDF set comparisons also available p_ (GeV)
CMS Simulation Preliminary (5.02 TeV) CMS Preliminary 27.4pb" (5.02 TeV) CMS Preliminary 27.4pb’ (5.02TeV)
> >
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e - c L
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10? 06 - —— Scale theory systematic unc. 06 [ — Scale theory systematic unc.
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13 TeV multijet production 1049M§|Pfe/imin?f¥, 36317 (13TeV)

§ 3 N =3 Niy =4
= 10 _ =
= 108 e _—
* Single-jet pT spectra in 2-, 3- and f; 10 g - s
4-jet configurations 1 L =
107 -
° . . . . 2 D t = o~
Al . L —MG5 +CA3(jj) x1.23 o t. + stat.
multiplicity regions. 0TF G aMooastn xizs  m F BT o et ~
10%e, | | T | L
. S oh ' ' oot L 3
* Parton branching transverse 8 E
g -
momentum dependent parton = 2 E
densities and initial state parton 60 100 200 300 60 100 200 300 1000
P, [GeV] P, [GeV]
shower are compared to the "
measurements. e
:w
- ) £ i1
* Good description of data by NLO generators, particularly .
MadGraph5 aMC@NLO [4] with transverse momentum e
dependent PDFs [5, 6]. fi
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o CMS Preliminary 335" (13 TeV)
T T T T T T T T | T T ;

- - - % i E Antik, (R = 0.7) 1
13 TeV inclusive jets S 1o , CTMNIOET opP o s §
o 1043 m 05<|y[<1.0(x10) E
SMP-20-011 g b, ISR
%I—102 ?_ﬁ_k% _-%
. . . © 10_2% _’—L._I_‘_—ij_‘ 1%
Goal: data interpretation with s
simultaneous extraction of i
10°F 1
PDFs, a5, m; and contact )y
. . . . . 107 F .
Interaction Wilson coefficient |
10750 200 300 1000 2000 3000
Jet P, (GeV)
R QMS Simu!atiqn Erefimingty ____13TevV _
* 2D unfolding with least-square minimization Sl — L E
(previously 1D and D’Agostini heavily used) 200 2l o
* Bin-to-bin uncertainties should be smooth o)
- Tests of smoothness with Chebyshev polynomials ool ‘N
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13 TeV inclusive jets: results

* Cross-section
comparison with
various global PDFs

* NLO+NLL and NNLO,
obtained with k-factor
technique

* In particular the scale
uncertainty is reduced
with NNLO

Ratio to NLO+NLL CT14@NP®EW

Ratio to NNLO CT14@NP®EW
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X1.05} 44 CT14nlo

PDF profiling: data’s impact on global PDFs
SMP-20-011

CMS Preliminary CMS Preliminary \
Q’=m? Datasets utilized for 13 TeV QCD

analysis (SMP-20-011)

oy(M ) =0.1154 CMS 13 TeV inclusive jet cross
+ 0.0009 (fit) section SMP-20-011
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Eur. Phys. J. C75 (2015), no. 12, 580,
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CMS 13 TeV triple-differential ¢¢
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* Significant improvement in gluon PDF precision

* Profiled m; = 170.3 & 0.5 = 0.2 GeV consistent with previous CMS results [arXiv:1904.05237]
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SM QCD analysis at NLO

CMS Preliminary Hessian uncertainties
_ _ cj_ - V7] verapis M? = my
Comparison of the resulting PDF X100/ [ HERA DIS + CMS 13 Tev
parameterisation in fits to HERA+CMS and e
- . . 80 o, = 0.11774 0.0036
HERA data only indicates the improvementin X
gluon PDF precision arising from CMS data 60 m; = 170.2£0.7 Gev

Fitted strong coupling and top mass values are 401
in agreement with world averages and o

20
previous results
: : _ E 19
Results are obtained using the xFitter QCD 8 141
analysis framework: https://www.xfitter.org/xFitter ..Z 051!
® |
w 0.8~ , , .
107 107 1072 10

DESY. | Precison QCD measurements from CMS | T. Mékela | 27.9.2021 Page 11


https://www.xfitter.org/xFitter

SMEFT QCD analysis at NLO

CMS Preliminary HERA+CMS 13 TeV, Hessian unc. CMS Preliminary HERA+CMS 13 TeV, Hessian unc.
9% F — C
NCJ: 0.7 ] sMexp. unc. ufZ = mt2 (\é:): 0.4 [ ] sMexp.unc “fz = mt2
5:0.6 72724 Left-handed Cl exp. unc. \><,0.35 7] Left-handed Cl exp. unc.
* The fits are performed using SM, or ;08

alternatively, SM+CI theory predictions
* The PDFs from SM and SMEFT fits agree,

0.1
differences within fit uncertainties R —" Vo= s
* All Cl models result in very similar PDFs, ~ / ~
strong coupling and top mass values o
CMS Preliminary HERA+CMS 13 TeV, Hessian unc. CMS Preliminary HERA+CMS 13 TeV, Hessian unc.
120~ T E
I 1 1 NC)‘ E l:l SM exp. unc. ufz = mtz (b 22; |:| SM exp. unc. p-fz = mt2
No risk of absorbing BSM effects in the B0 (7] wetohanded ct . e £ 305 2 s o n
SM PDF fit is observed e -
i >
40:— SE—
E 6;:
No statistically significant deviation from Lo e T S s
©1.051- — SM+CIISM 7 8 12 —— SM+CI/SM
the SM observed 5 4 —~ 5 .
80.951~ Z & o8-
B 16‘4 107 - 16‘4 16’3 16‘2
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Translating the results into exclusion limits

CMS Preliminary

95% cl Fit+model+param. unc.

68% cl Fit+model+param. unc.

* Conventional studies scan for A with fixed

A=50TeV 68% cl Fit unc. only
c; = *£1 for constructive (-) or destructive (+) Vadornke e .
. . Left-handed ®
Interference with SM gluon exchange A =20TeV

Axial-vector-like
Vector-like
Left-handed

* This is the first time the Wilson coefficient for | , 3 1ev
4-quark Cl is fitted together with the PDFs Vector ke

Left-handed

using LHC data (previously electron-quark CI |A=10TeV

Axial-vector-like

1l

at HERA[7]) Lo —
A=5TeV
* All CI fits result in negative c;. These can be ?ﬂtlhléfdlk -
translated into unbiased exclusion limits for N
. . . —0.002 -0.0015 —0.001 -0.0005 0 0.00052
constructive interference for comparison c,/ A\
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Translating the results into exclusion limits

SMP-20-011

95% CL on A

with c1 = —1
L eft-Handed
Vector-like

24 TeV
32 TeV

Axial-vector-like 31 TeV

CMS Preliminary

Most stringent comparable result
from ATLAS 13 TeV dijet cross-sections:
22 TeV for left-handed CI [arXiv:1703.09127]

* All ClI fits result in negative c;. These can be
translated into unbiased exclusion limits for
constructive interference for comparison
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Summary

* Reported recent precision measurements involving jet production at 13 TeV
and 5 TeV

* The results are in agreement with previous results and world averages
* Data are well described by the SM, no significant deviation observed

* QCD analysis performed using R = 0.7 jet and ¢t cross section measurements
at Vs = 13 TeV, probing partons at 107° < z < 0.5

— The data’s impact on a global PDF set is examined in PDF profiling

— SMEFT fit performed at NLO with simultaneous extraction of PDFs, ags, m;
and Cl Wilson coefficient ¢;, ensuring non-biased CIl search
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