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JET PRODUCTION AT LHC: PROBE OF SM

MKM . WEE - » PDFs and a(1m;)

New CMS measurement of inclusive jets at 13 TeV:
2-differential cross sections vs jet prandy

used in the
QCD analysis
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JET PRODUCTION AT LHC vs QCD
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JET PRODUCTION AT LHC vs QCD

CMS  arxiv:2111.10431 33.5 b (13 TeV)
' 05<]|y|<1.0 .:. 1.0<ly|<1.5 15<y|<2.0 '
12}

N

\Z

08T Antik, (R=0.7) [
. [JTot. exp. unc. 1 -- NNLO PDF unc.
06} ¢ Data (statunc.) 4+ —NNLO scale unc. — H; scale

Ratio to NNLO CT14®NP®EW

100 200 1000 100 200 1000 100 200 1000 100 200 1000

JetpT (GeV)
36.3 fb! (13 TeV)
14| : 05<y|<1.0 1.0<|y|<1.5 1.5<]y|<2.0 '

data vs
NLO+NLL

3

1.2}

1

08T Anti-k, (R =0.4)
- [ Tot. exp. unc. _- NLO PDF unc. HERAPDF2.0 — ABMP16
0.6 + ¢ Data (stat unc.) — NLO scale unc. — NNPDF3.1 — MMHT2014

100 200 1000 100 200 1000 100 200 1000 100 200 1000
Je’[pT (GeV)

Ratio to NLO+NLL CT14®NP®EW

NLL resummation [Liu, Moch, Ringer, arXiv:1801.07284] : _ :
[J. Gao et al., arXiv:1207.0513] dominant uncertainty: PDF



http://arxiv.org/abs/2111.10431

EXPLORE SENSITIVITY TO PDFs and o (m,)

e Investigate the impact of the measurement on the global PDF: profiling

 Full QCD fit at NNLO : extract simultaneously PDF and QCD parameters

General idea of a full QCD analysis:

» parameterise PDFs at a starting scale u2, : f(x)=AxB(1-x)¢(1+Dx+ExZ2)
A: normalisation, B: small-x behaviour, C: x — 1 shape

» evolve these PDFs to u2> u?,

» strong coupling, quark masses, can be added as parameters
» construct cross sections from PDFs and partonic cross sections:
QCD predictions for every data point in (x, 42) — plane

> )(2- fit to the experimental data — determine PDF parameters, ag(m1,), mg, ...

» NB: PDFs can not be obtained from LHC data alone, use DIS data as a basis

QCD analysis platform xFitter is used: https://www.xfitter.org/xFitter/
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FULL QCD FIT @ NNLO: PDF + a (1)

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

e NNLO predictions obtained via fasNLO grids using NNLO k-factors
v individual k-factors are obtained for each variation of the QCD scales

v PDF uncertainty in the k-factors is taken into account, negligible wrt scale variation

v ag(m,) dependence of the k-factors is negligible wrt PDF uncertainty
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FULL QCD FIT @ NNLO: PDF + a ()

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

* NNLO predictions obtained via fasNLO grids using NNLO k-factors

A PDF + uncertainties from: . SM NNLO Hessian uncertainties SM NNLO Hessian un::rl:irr:izes
uncertainties in exp. data J CMST3Teviels+HERADSS iy S 13TV fes + HERADIS g
g 5 . model unc. 4 . model unc. /
assumed 111, 1My, fg, scale variation [T B param

uncertainties in parametrisation
d-valence

CMS 13 TeV jets + HERA DIS CMS 13 TeV jets + HERA DIS
fit unc. fit unc.

model unc. model unc.

param. unc. param. unc.

singlet
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FULL QCD FIT @ NNLO: PDF + a ()

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

* NNLO predictions obtained via fasNLO grids using NNLO k-factors

° P D F + u n Certai nties from : _ SM NNLO Hessian uncertainties SM NNLO Hessian unc:rtaintizes
uncertainties in exp_ data . :iitl\ltljsn;.?;Terels+HERA DIS 4 . Xo. :i::\nusnl3Terets+HERA DIS P
R . model unc. 4 . model unc. /
assumed m,., my, f, scale variation 1 parem. e 2[-m param. unc.

uncertainties in parametrisation

d-valence

CMS 13 TeV jets + HERA DIS CMS 13 TeV jets + HERA DIS
fit unc. fit unc.

model unc. model unc.

param. unc. param. unc.

singlet
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FULL QCD FIT @ NNLO: PDF + a ()

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

* NNLO predictions obtained via fasNLO grids using NNLO k-factors

SM NNLO Hessian uncertainties SM NNLO Hessian uncertainties

e PDF + uncertainties from: ~

2 2
f

fit unc. / ) fit unc.
model unc. 4 model unc.

uncertainties in exp. data , CMS 13TeV jets + HERADIS Zo CMS13TeVjets + HERADIS
assumed m,., m,, fs, scale variation 478 param.unc, 2Em param. e '

uncertainties in parametrisation
d-valence

e Strong coupling constant

ag(m,) =0.1170 £ 0.0019

0.0014, % 0.0007,,,4,) = 0.0008, ., £ 0.0001

scale param
CMS 13 TeV jets + HERA DIS CMS 13 TeV jets + HERA DIS
fit unc. fit unc.

model unc. model unc.

param. unc. param. unc.

singlet
PDF and o (m,)
obtained simultaneously !
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FULL QCD FIT @ NNLO: PDF + a, (1)

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

* NNLO predictions obtained via fasNLO grids using NNLO k-factors

SM NNLO Hessian uncertainties SM NNLO Hessian uncertainties

e PDF + uncertainties from: ~

uncertainties in exp. data 5[ CMS 13 TeV jets + HERA .03 [ CMS 13 TeV ets + HERA
S e [ HERA Y 4 \ [] HERA
assumed m,., my, f, scale variation

uncertainties in parametrisation

— (HERA+CMS) / HERA

e Strong coupling constant

ag(m,) =0.1170 £ 0.0019

« compared to HERA-only fit:

[ CMS 13 TeV jets + HERA N\ [ CMS 13 TeV jets + HERA

{ aS(mZ) fixed } \ [) HERA HERA

Improved precision

— (HERA+CMS) / HERA

of the gluon at high x!
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a(m,) value from jets compared to other results

H1 multijets at low Q7 : EPJC 67:1 (2010)

ZEUS incl. jets in 7 p : NPB 864:1 (2012)

H1 multijets at high Q? : arXiv 1406.4709 (2014)
H1+ZEUS (NC, CC, jets) : EPJC 75:580 (2015)
H1 incl. & dijet : EPJC 77:791 (2017)

CDF Incl. Jets : PRL 88:042001 (2002)

DO incl. jets : PRD 80:111107 (2009)

DO ang. correl. : PLB 718:56 (2012)

CDF Z p_: arXiv:2203.05394 (2022)

Malaescu & Starovoitov (ATLAS Incl. Jets 7TeV)
EPJC 72:2041 (2012)

ATLAS N,, 7TeV : ATLAS-CONF-2013-041 (2013)
ATLAS TEEC 7TeV : PLB 750:427 (2015)

ATLAS TEEC 8TeV : EPJC 77:872 (2017)

ATLAS azimuth. decor. 8TeV : PRD 98:092004 (2018)
CMS R,, 7TeV : EPJC 73:2604 (2013)

CMS tt cross section 7TeV : PLB 728:496 (2014)
CMS 3-Jet mass 7TeV : EPJC 75:186 (2015)

CMS Incl. Jets 7TeV : EPJC 75:288 (2015)

CMS Incl. Jets 8TeV : JHEP 03:156 (2017)

CMS R,, 8TeV : CMS-PAS-SMP-16-008 (2017)

CMS tt cross section 13TeV : EPJC 79:368 (2019)
CMS multi-diff tt 13TeV : EPJC 80:658 (2020) ThlS measurement'

CMS Incl. Jets 13TeV : JHEP 22:142 (2022) hlgh precision (error 1 .60/0)
World Average : Prog. Theor. Exp. Phys. 083C01(2020) mltlg ated dependence on PDFS

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined



JET PRODUCTION AT LHC: PROBE OF NEW PHYSICS

Lagrangian: [ .. = Lq, +

Wilson coefficient

21 x@‘; (effective coupling)

AR

NP

Cl expected to show up at high pr and central y:

19 SM NLO+NLL
1 1‘ Left-Handed Cl ¢,=-1

0.95E-
0.9
0.85;..1.‘.1...1.‘.I.A.I.HI...l..,l...l.l.l..
800 1000 1200 1400 1600 1800 2000 2200 2400 2600
p_[GeV]

SM+CI/SM

115
1058

Left-Handed Cl c1=+1

' SM NLO+NLL
Left-Handed Cl ¢,=-1
Left-Handed Cl c1=+1

1E

CT1anlo
A=50TeV
lyl<0.5

Illlllllllllllllll TTTT

A=50TeV
0. 5<|y|<1 0

800 1000 1200 1400 1600 1800 2000 2200 2400

p, [GeV]

III

SM NLO+NLL
Left-Handed Cl ¢,=-1
Left-Handed CI c1=+1

'llllllllllllllllll Illll

CT14nlo
A=50TeV
1 0<Iy|<1 9

III

Illll

SM NLO+NLL
Left-Handed Cl ¢;=-1
Left-Handed Cl ¢,=+1

Vector-Like Cl ¢.=-1
Vector-Like Cl ¢.=+1

IIIIIIIIIIIIIIIIII

CT14nlo
A=50TeV
1 5<Iy|<2.0

800 1000 1200 14

800900 1000 4100 4200 4300

P, [GeV]

[J. Gao, CIJET arXiv:1301.7263]

Contact Interactions

LHC kinematic plane

E X, = (M/13 TeV) exp(zy)
= M

M =100 GeV

X

new physics? <




SMEFT ANALYSIS

 SM prediction for jet production extended by EFT contributions (available at NLO)

e Idea: extract simultaneously CI coefficients, PDFs and QCD parameters

« can include more data sensitive to high-x gluon: CMS 3d ¢ at 13 TeV (theory at NLO)



SMEFT ANALYSIS

 SM prediction for jet production extended by EFT contributions (available at NLO)

e Idea: extract simultaneously CI coefficients, PDFs and QCD parameters

« can include more data sensitive to high-x gluon: CMS 3d ¢ at 13 TeV (theory at NLO)
[arXiv:1904.05237]: extracted PDFs, m, and o

gluon precision improved
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SMEFT ANALYSIS

 SM prediction for jet production extended by EFT contributions (available at NLO)

e Idea: extract simultaneously CI coefficients, PDFs and QCD parameters

« can include more data sensitive to high-x gluon: CMS 3d ¢ at 13 TeV (theory at NLO)

General idea for the SMEFT analysis:

» parameterise PDFs at a starting scale u2, : f(x)=AxB(1-x)¢(1+Dx+ExZ2)
A: normalisation, B: small-x behaviour, C: x — 1 shape

> evolve these PDFs to u2> u?,

A4

strong coupling, quark masses, can be added as parameters
» construct cross sections from PDFs and partonic cross sections:

SMEFT predictions for every jet measurement in (x, ,uz) — plane

> )(2- fit to the experimental data — determine PDF parameters, ag(m,), mg, ...

» NB: PDFs can not be obtained from LHC data alone, use DIS data as a basis

QCD analysis platform xFitter is used: https://www.xfitter.org/xFitter/
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SMEFT FIT @ NLO: ¢, + PDF + a(m,) + m"*

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

+ CMS 3-D #f cross sections [arXiv:1904.05237]:
* Predictions for jet x-sections: QCD NLO+NLL + EFT 4-quark CI (LL, VV, A-V models)

> Parametrisation: arXIV2111 10431 SMEFT NLO (LL Cl A=10.0 TeV)
o

13 TeV jets & tf + HERA N - ) 13 TeV jets & tt + HERA
Hessian fit unc. 4 . Hessian fit unc.
[[] mc fit unc. [[] mc fit unc.

Yo | e

SomeWhat d|fferent from NNLO f|t 10* 10° 102 10" . 10° 102

X
CMS SMEFT NLO (LL Cl A=10.0 TeV) SMEFT NLO (LL Cl A=10.0 TeV)

(impact of ¢ data)

13 TeV jets & tt + HERA 13 TeV jets & tt + HERA

d F it u n Ce rta i n t i es : | Hessian fit unc. Hessian fit unc.
: [] Mc fit une. N\, [ Mc fit unc.
Hessian vs Monte-Carlo |

gluon . singlet
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SMEFT FIT @ NLO: ¢, + PDF + a (1) + m"*"

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

+ CMS 3-D #f cross sections [arXiv:1904.05237]:
* Predictions for jet x-sections: QCD NLO+NLL + EFT 4-quark CI (LL, VV, A-V models)

> Parametrisation : arXIV21 1 1 - 1 0431 SMEFT NLO (LL CI A=10.0 TeV) SMEFT NLO (LL Cl A=10.0 TeV)
&

13 TeV jets & tf + HERA N - ) 13 TeV jets & tt + HERA
Hessian fit unc. 4 . Hessian fit unc.
[[] mc fit unc. [[] mc fit unc.

_~d-valence

7
—

3 I///%/////////// //,,,,-,,.,,,,,,///////////////////////////// 3 /////////////////////,

ag(m,) = 0.1187 £ 0.0033

mP?' = 170.4 £ 0.7 GeV

13 TeV jets & tt + HERA 13 TeV jets & tt + HERA

/) Hessian fit unc. Hessian fit unc.
o Cl parameters (for Ayp = 10 TeV): 1 W ftune. \ 1 W ttune
Toetn gluon singlet
cr= = 0.07=0:0287810 () | 5

SM +BSM

obtained simultaneously !
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SMEFT FIT @ NLO: ¢, + PDF + a (1) + m"*"

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

+ CMS 3-D #f cross sections [arXiv:1904.05237]:
* Predictions for jet x-sections: QCD NLO+NLL + EFT 4-quark CI (LL, VV, A-V models)

 Parametrisation:
CMS  SMEFTNLO 13 TeV jets & ft + HERA
* 95% CL fit+model+param. unc. :
A=350TeV = 68% CL fit+model+param. unc.
— 68% CL fit unc. only
Axial vector-like

Vector-like
Left-handed
as(mz) = 0.1187 £ 0.0033 . ~0.0015 ~0.001 ~0.0005

mP?' = 170.4 £ 0.7 GeV

va“v (1- x)Cuv (1+ Dy, x+ Euvxz),

arXiv:2111.10431

¢ /N

correspond to 95% exclusion limits for A (¢, = — 1):
« Cl parameters (for Ayp = 10 TeV):

LL: A > 24 TeV ATLAS [arXiv:1703.09127]: > 22 TeV
\VARWAN> G A I'-\Y
SM +BSM AV: A > 31 TeV

¢y = — 0.0750.0288550.01

mod+par

obtained simultaneously !
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SMEFT FIT VS SM FIT @ NLO

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

+ CMS 3-D #f cross sections [arXiv:1904.05237]:
e Alternative fit in SM:

» Parametrisation (same solution) |EEAEECRSEEEEY

CMS NLO Hessian fit uncertainties NLO Hessian fit uncertainties

CMS 13 TeV jets & tt + HERA
[ sm

7] SMEFT LL CI A=10 TeV

ll”p4-—w"1”’”’[””/”/’1’1’11’1”//4
e "“"“”’IIIW”IIIIIIMI//////‘
4

Fract. uncert.

ag(m,) = 0.1188 = 0.0026
NB: in agreement with WA
mP?' = 170.4 £ 0.7 GeV

X
NLO Hessian fit uncertainties

—m2
Uf =m;
CMS 13 TeV jets & tt + HERA CMS 13 TeV jets & tt + HERA
\ Osm \, [sm

\ /] SMEFT LL Cl A=10 TeV \ 7] SMEFT LL CI A=10 TeV

x ¢ g (x, Q%)

NB: most precise

singlet

PDFs and QCD parameters

. .:::‘JZZ’%%

similar in SMEFT fits

Fract. uncert.
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SUMMARY

* New measurement of inclusive jet cross section at 13 TeV (2016 data) available
e NNLO result on strong coupling: precision of 1.6 %

e pave the way towards global SMEFT fit
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FULL QCD FIT @ NNLO: PDF + a ()

« Full QCD fit at NNLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]
+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]

* NNLO predictions obtained via fasNLO grids using NNLO k-factors

e Goodness of fit:

Data sets

HERA-only
artial x%/ Ny

HERA+CMS
Partial x? /Ny

A A~ A S

HERA I+II neutral current
HERA I+II neutral current
HERA I+II neutral current
HERA I+II neutral current
HERA I+II neutral current
HERA I+II charged current
HERA I+II charged current

CMS inclusive jets 13 TeV

Correlated x?
Global x?/ Ny

e'p, E, =920GeV
e’ p, E, = 820GeV
etp, E, = 575GeV
e’ p, E, = 460GeV
e p, Ep = 920 GeV
e’ p, E, =920GeV
e p, Ep = 920 GeV

0.0 < |y| <05
05 < |y| < 1.0
1.0< |yl <15
1.5 < |y| < 2.0

378/332
60/63
201/234
208/187
223/159
46/39
55/42

66

1231/1043

375/332
60/63
201/234
209/187
227/159
46/39
56/42

13/22
31/21
18/19
14/16
83

1321/1118
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EXPLORE SENSITIVITY TO PDF + o + m, at NLO

« Full QCD fit at NLO: basis data - ep inclusive DIS cross sections (HERA) [arXiv:1506.06042]

+ CMS inclusive jets at 13 TeV [arXiv:2111.10431]: sensitivity to PDF and o

+ CMS 3-D 7 cross sections [arXiv:1904.05237]: m1, + additional sensitivity to o

e PDF + uncertainties from:

uncertainties in exp. data
assumed m,., my, f, scale variation

uncertainties in parametrisation

e QCD parameters:

ag(m,) = 0.1188 = 0.0026

0.0017, % 0.0025

+0.0004,, .+ 0.0001

scale param

mP?' = 170.4 £0.7 GeV

O-6fit == O°1scale + O'lmod + O'lparam

PDF, o (m), m? %le obtained

simultaneously !

el

— CMS 13 TeV jets & tt + HERA
B fitunc.

model unc.
[ param. unc.

— CMS 13 TeV jets & tt + HERA
B fitunc.
model unc.
\ ™ param. unc.

B fitunc.
model unc.

— CMS 13 TeV jets & tt + HERA
B fitunc.
model unc.
\ ™ param. unc.

2 _m2
ne =m;
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CORRECTIONS TO NLO/NNLO

CMS Simulation

Pythia 8 CP1 Anti-k; (R = 0.7)

Herwig++ EE5C —|y| < 0.5
05<]yl<1.0
1.0<|y|<1.5
1.5<|y|]<2.0

MC(PS & MPI & HAD
Np, — % (5 & MP1& HAD)

oMC(PS)

2}
-
9
e
(@)
o
-
S
)
(@)
o
Z

average + envelope of PYTHIA and HERWIG used

Dittmaier, Huss, Speckner
Anti-k; (R =0.7)
—|y| < 0.5
0.5<|y|<1.0
1.0<|y|<1.5
1.5<|y| <20

100 200 300 1000 2000
Jet P, (GeV)

EW corrections

EWK corrections:

200 300 1000 2000
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PROFILING RESULTS

CT14nnlo-profiled
Jets: profiling strong coupling:

NNLO

0.1170 £ 0.0018 (PDF) £ 0.0035 (scale) 0.1130 £ 0.0016 (PDF) + 0.0014 (scale)

0112 0.114 0.116 0.118  0.12 0.11 0112 0.114 0116 0.118 0.12 0.122
og(m,) og(m,)

Jets+top: NLO CT14nlo-profiled
= 30l CMS 13 TeV jets + i

X9
.

OOC
%6%%%%%

)

)
O

NN
%%

1.05— %% CT14nlo
o top+jets-CT14nlo-profiled

v

O
O
Q)

5

N7/
%,
s

55

)
&

KHXKS
’0’0 OC
()

tension in a (m,) between
jet and top data observed

)
&

Fract. uncert
00 @,

i »’0’0’0‘0“’3’0’0’0’0’({/0(/////(0'0"’0’0’0’0’0’0’0’0’6 0.1154 + 0.0009 (PDF) =+ 0.0015 (scale),
N g opa S KRR RXRAXLXXXRNIRN IR K XX IR NRX XXX

\AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN
0 T e 0 0 0 00 00 00 20 0 0 20 20 20 20 20 T e e N te 2e 20 T e
00Tt T 0 0 00 00 20 00 %0 %0 020 %0 %0 %0 20 2020 %0 20 Y0 20 20 20 20 20 %0 %

0008000, 0,0, 000 0. 0 0 %e

(no tensions in the data !) %////

v

€.4.90.6.0.0.0.0.0.0.06

%
O
KRR

O
O

O
)

O
O
O

S¢S

RS
6%
’0’0’
s
&

s
55
()

R
039,
%6%%"

5

%
5
.?0’

.
®

0.112 0.114 0.116 0.118 0.12 0.122
og(m,)




FIT RESULTS NNLO

Parametrisation NNLO (HERA+CMS jets):

Goodness of Fit NNLO:

HERA-only HERA+CMS

Data sets Partial x*/Ng, Partial x*/ Ngp
HERA I+II neutral current  e™p, E, = 920 GeV 378/332 375/332
HERA I+II neutral current  e™p, E, = 820 GeV 60/63 60/63
HERA I+II neutral current  e™p, E, = 575GeV 201/234 201/234
HERA I+II neutral current  e™p, E, = 460 GeV 208/187 209/187
HERA I+Il neutral current  e™p, Ep, = 920 GeV 223/159 227/159
HERA I+II charged current e™p, E, = 920 GeV 46/39 46/39

HERA I+II charged current e p, Ep, = 920 GeV 55/42 56/42
CMS inclusivejets 13TeV 0.0 < |y| < 0.5 — 13/22
0.5 < |yl < 1.0 — 31/21
1.0< |yl <15 — 18/19
1.5 < |y| <20 — 14/16
Correlated 2 66 83
Global x?/ Ngof 1231/1043 1321/1118




FIT RESULTS NLO SM / SMEFT

Parametrisation SMEFT NLO (HERA+CMS jets + 17):

Goodness of Fit NLO:

SM fit SMEFT fit

Data sets Partial x*/Ng, Partial x*/Ngj,
HERA I+II neutral current  e*p, E, = 920GeV 402/332 404 /332
HERA I+l neutral current  e*p, E, = 820GeV 60/63 60/63
HERA I+l neutral current  e*p, E, = 575GeV 198/234 198/234
HERA I+II neutral current  e*p, E, = 460 GeV 208/187 208/187
HERA I+l neutral current  e"p, E; = 920GeV 223/159 223/159
HERA I+II charged current e*p, E, = 920GeV 46/39 46/39

HERA I+]I charged current e”p, E; = 920GeV 55/42 54/42

CMS 13 TeVit 3D 23/23 23/23

CMS inclusivejets 13TeV 0.0 < |y| < 0.5 13/22 20/22
0.5 < |y| < 1.0 28/21 27/21
1.0< |y| <15 13/19 11/19
1.5 < |y| <20 33/16 28/16

Correlated x? 121 115

Global X2/ Ny 1411/1141 1401/1140




THEORY PREDICTIONS

« SM Jets: NNLO computation: NNLOJet, in QCD analysis via K-factors
NLO: NLOJet++/FastNLO improved by NLL (MEKS) via K-factors
QCD predictions corrected for NP and EW effects
Scales: i, = Wy = D1 (individual jet), variation up/down by factor 2 independently

. 3-differential 17 cross section: NLO MADGRAPH MC@NLO interfaced to APPLGRID
A i 9 g
Scale: p, = py = 1/22 Mmr;, My; = \/ml- + D7

: S = .
[—final-state partons ¢,  and max. 3 light partons for ¢f + jet

27
* CI: CIJET interfaced to fastNLO / xFitter ; Ly = Loy + = Dy .0,
ne{l,3,5}

studied non-renormalisable operators O, : 3. 3

. O1 = 6;i0n (): TreiYudici Y Trak " qra
colour-singlet BSM-exchange between c=1 d=1
two quark lines integrated out

3 3
O3 = ;0 (Z TreiVpdici ) Trac?” qul)
: c=1 d=1
3 cases studied:

- g : 3 3
Cl left-handed / vector-like / axial-vector-like Os = ;04 (Z Trei Y ulRer Y Tra” qul)
c=1 d=1

Type of CI €1 3 Cs
Purely left-handed: fitted 0 0

Vector-like: fitted 2¢;
Axial-vector-like: fitted —2¢;

c, d - generations I,J,K - colour indices



HESSIAN PROFILING TECHNIQUE

Define a )(2 with theory uncertainties (b, are the PDF uncertainties)

)(z(b i) = Correlated experimental and theoretical uncertainties
exp» -

Bl are included using the nuisance parameter vectors
Ndata ( O.;exp + 3 F?;p baexp — O.Eh — Y Ff/t; bﬁ,th) |
Z - 2 beXp and by, respectively.

i

i=1
2 2 Their influence on the data and theor
+ Z ba',eXp + Z b,B,th ) A s : ; exp y th :
a g predictions is described by 1" - and 1., matrices

index a (/) corresponds to the experimental (theoretical) uncertainty nuisance parameters
Minimisation of)(z(bexp, by;,) leads to a system of linear equations.

The value at the minimum of the )(2 function provides a compatibility test of the data and theory.

The values at the minimum of the nuisance parameters bg:lil“ are interpreted as optimisation

(“profiling”) of PDFs to describe the data. The shifted PDFs have reduced uncertainties.

In xFitter: . Add the hessian PDF uncertainties as nuisance parameters /3 in the y?
. Minimise )(2 and profile the PDF shifts /3 to the data Zz(ﬁexp) G )(z(ﬁexpa P

* Propagate the shifts and the reduction of the uncertainties to the PDFs



IMPACT ON GLOBAL PDF VIA PROFILING

* Investigate the impact of the measurement on the global PDF (here: CT14)

“profiling” analysis [details e.g. J. Pumplin et al arXiv:1806.07950]

 minimise )(2 function, based on nuisances of experimental and theory uncertainties

e result: profiled PDFs with respect to the original ones
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IMPACT ON GLOBAL PDF VIA PROFILING

* Investigate the impact of the measurement on the global PDF (here: CT14)

“profiling” analysis [details e.g. J. Pumplin et al arXiv:1806.07950]

 minimise )(2 function, based on nuisances of experimental and theory uncertainties
e result: profiled PDFs with respect to the original ones
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Significant improvements in PDF uncertainties expected for global PDF analyses
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