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[ PDF CONSTRAINTS FROM LHC )

need improvements in

quark flavor separation at medium x,

gluon at low and at high x

= impact of the LHC measurements e jets: gluon, os  (today)
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JETS @ CMS: GLUON AND STRONG COUPLING

Jet production in pp collisions directly sensitive to PDFs and o5

1 06 CMS Preliminary 19.7 fb™ (8 TeV)

anti-k, R=0.7 —e—n >2 — CT10® NP ® EWK CMS 8 TeV, £L =19.7 fb-1

Iyl <2.5 ——n;>3 — CT1I0®NP

* inclusive jet production : JHEP 03 (2017) 156
e 3D dijet production: arXiv:1705.02628 (submitted to EPJC)
e multijet production: CMS-PAS-SMP-16-008

Details about measurements : P.Kokkas’ talk.
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(JETS @ CMS: GLUON AND STRONG COUPLING |

CMS 8 TeV, £ =19.7 fb! inclusive jet production JHEP 03 (2017) 156

Double-differential cross sections vs of jet pr and rapidity
Constraints on PDFs and s : QCD analysis at NLO using herafitter 1.1.1

CMS NLO

HERAPDF Method (Hessian)

simultaneous fit with PDFs:
~ HERAI+iDIS  @°=100000 GeV*

S +0.0019 +0.0022
[ HERA I+l1 DIS + CMS jets 8 TeV aS(MZ) 0 85—0.0026(PDF)—O.OOIS(SCCLZG)

19.7 fb" (8TeV)

using fixed PDFs: JHEP 03 (2017) 156
JHEP 03 (2017) 156 . fc[);?](gﬂé)i]a _
CT10NLO - S
0. dfMz) = 0.1164 030 M -
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2, Ny, =186.5/185
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Significant impact on the gluon distribution, s consistent with world average,

dominant uncertainty emerges from the variations of the scales
A



(JETS @ CMS: GLUON AND STRONG COUPLING |

CMS 8 TeV, £ =19.7 fb! dijet production: arXiv:1705.02628 (submitted to EPJC)

3-differential cross sections vs of jet average pr, rapidity separation and boost

for details see talk by P.Kokkas

Probing x1 and x2 using different event topologies
Bl © gg-jets @ qiq; — jets ® qiqi — jets

arXiv:1705.02628 @ gg-jets (xg<xq) EEE ® gigj—jets EEE @ qg - jets
B 3 gg-jets (xg > Xxq)
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arXiv:1705.02628

? _— | 300
Yb = §|y1 + y2| pt,avg / GeV

Novel technique to access highly boosted regime (x1 << x2)



JETS @ CMS: GLUON AND STRONG COUPLING

CMS 8 TeV, £ =19.7 fb! dijet production: arXiv:1705.02628 (submitted to EPJC)

3-differential cross sections vs of jet average pr, rapidity separation and boost

for details see talk by P.Kokkas

Probing x1 and x2 using different event topologies

arXiv:1705.02628
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(JETS @ CMS: GLUON AND STRONG COUPLING |

By using dijet cross section in the QCD analysis in addition to HERA data...

HERAPDF method (Hessian) HERAPDF method (Hessian)

HERA [+II DIS CMS N HERA I+11 DIS + CMS dijets
mm HERA 1+11 DIS + CMS dijets HERA 1+11 DIS + CMS inc. jets
Q2=104GeV? Q2=104GeV?

arXiv:1705.02628 arXiv:1705.02628
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- change in the gluon shape similar as observed in the case of inclusive jet data
- significant reduction of the uncertainty in g(x) at high x

similar to inclusive jet data (note different parametrisation)

- strong coupling determined simultaneously with PDFs:
as(Mz) = 0.119970:5016(PDF) Ty0016 (scale)



(JETS @ CMS: GLUON AND STRONG COUPLING |

CMS 8 TeV, £ =19.7 fb-' multi-jet production CMS-PAS-SMP-16-008

Ratio of 3/2 inclusive jet _ Opp—n jets+X;n>3
cross sections Opp—n jets+X;n>2

Advantage of Rs2: partial or full cancellation or reduction of experimental uncertainties,
theory uncertainties due to NP effects, PDFs, scale choice, EWK corrections

CMS Preliminary 19.7 fb” (8 TeV)

anti-k, R = 0.7 Ra,

lyl <2.5 —— Data/NP : FELEN
vi< T MMHT2014 0,(M,) = 0108 - Min, Valus . as determined by minimizing x? between

— MMHT2014 o (M,) = 0.120 the measurement and the theory
——MMHT2014 o, (M ) = 0.128 - Max. Value

os series of the PDF set
MMHT14: x?/nqor =24/28

Ratio to NLO (MMHT2014)

as(Mz) = 0.1142 + 0.0010(exp) = 0.0013(PDF)
+0.0014(N P)15:509 (scale)
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JETS @ CMS: GLUON AND STRONG COUPLING

CMS 8 TeV, £ =19.7 fb-' multi-jet production CMS-PAS-SMP-16-008

Ratio of 3/2 inclusive jet Ry = 73 — Top—n jetstXin>3

Cross SeCtlonS 02 Opp—n jets—l—X;nZQ_ z e S

CMS Preliminary 19.7 fb” (8 TeV)
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Evolution performed for Ns= 5 at 2-loops



|t @ CMS: GLUON DISTRIBUTION AT HIGH X |

In pp collisions top-quark pairs are produced via gg fusion probing gluon at high x

CMS 8 TeV, £ =19.7 fb1 :
| 2d-differential tt cross sections arXiv:1703.01630 (Submitted to EPJC)

19.7 b (8 TeV)
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for details see talk T.Arndt 10


http://arxiv.org/abs/1703.01630

|t @ CMS: GLUON DISTRIBUTION AT HIGH X |

1-d and 2-d differential cross sections Results compared to those obtained
for different observables studied

by using inclusive jets @ 8 TeV

arXiv:1703.01630
xg(x) uf = 30000 GeV? NLO \\ xg(x) ufz = 30000 GeV? NLO
[ HERA + CMS W* 8 TeV A "L [ HERA + CMS W* 8 TeV
S + (), y(b)] 8 TeV R 77771 HERA + CMS jets 8 TeV
7] +Iy(t), M(tt)] 8 TeV e _ HERA + CMS W* 8 TeV +
+ [y(th), M(t)] 8 TeV ‘ f

[y(tt), M(tt)] 8 TeV
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strongest constraints achieved Recommend to use both data sets
by using 2d distributions in Myt and yit for further improvement of g(x) at high x
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|t @ CMS: GLUON DISTRIBUTION AT HIGH X |

In pp collisions top-quark pairs are produced via gg fusion probing gluon at high x

CMS 5.02 TeV, £ =27.4 pb' CMS-PAS-TOP-16-023
for details see talk T.Arndt

XFitter 2.0.0
new kinematic range probed theory: HATHOR, m=172.5 GeV

CMS NNLO Preliminary MC Method
¥ Tevatron combined 1.96 TeV (L < 8.8fb™)

m CMSep7TeV(L=5f" 2 _ 2
CMS I+ 7 TeV(L=5fb") us = 100000 GeV

= CMSep8TeV(L=19.7H") =
4 CMSI+j8TeV (L =19.7 o) HERA DIS + CMS W 8 TeV

vt e — : I HERA DIS + CMS W 8 TeV + Top 5.02 TeV
4o CMSI+j13TeV(L=2.21b")

® CMS ep+uu+l+jets 5.02 TeV (L= 27.4 pb™) /

Effect of 0.1% LHC beam
energy uncevtainty: 0.22 pb
(nat included in the figure)
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

NNPDF3.0, m__ = 172.5 GeV, a (M,) = 0.118 + 0.001 [*e (M,)=0.113]

12 14
Vs [TeV]

modest effect on g(x) at high x
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SUMMARY

LHC Run | CMS data used for improvement of PDF accuracy

e jet data: gluon at medium & high x, strong coupling
— getting even more interesting with available NNLO calculation

* top quark pairs : gluon at high x

LHC Run Il CMS data is forthcoming

Run | has shown high potential of the LHC

to improve the understanding of the proton structure,
more data are still to come to be used in precision QCD analyses
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roton structure hard interaction
: Rate = (structure of 2 protons) ® oj;

Pi—{{] Parton Distribution Functions
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PN,

provided determined
by theory experimentally
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at the very edge of theory and experiment,
Partons: quarks & gluons

Q2 : typical energy scale in the process
X : partonic fraction of the proton momentum

correlated with fundamental QCD parameters |
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(JETS @ CMS: GLUON AND STRONG COUPLING |

QCD analysis: XFitter 1.2. 2, baseline data HERA inclusive DIS [EPJ C 75 (2015) 580]
Theory via NLOJet++ via fastNLO, scale pur = ps= prmax: €23

xU(x) = xii(x),and xD(x) = xd(x) + x5(x)

N

>

8 Bn_: Bﬁ and AU o Aﬁ(l —f )

S Bd, # Bu,

L

L .

P = 16-parameter fit
arXiv:1705.02628 HERA data  HERA & CMS data
data set X}za X%/ Ndata X}% X%/ Ndata

Data are consistent NC HERA-T+II ¥ p Ep = 920 GeV 38244 115 40645 122

very good fit quality NC HERA-I+Il e*p E, = 820 GeV 60.62 0.96 61.01  0.97
. NC HERA-I+Il e*p E, = 575 GeV 19640 084 19756  0.84

for the CMS jEt data NC HERA-I+II e*p E, = 460 GeV 20442 1.09 20550  1.10
NC HERA-I+ITe™ p 21727 137  219.17 138

CCHERA-I+Ile"p 4326 1.11 4229  1.08

CCHERA-I+Ile p 4911 117 5535  1.32

CMS Triple-Differential Dijets — 11113 091

data set(s) X*/naof  X*

HERA data 1211.00 1.16 —
HERA & CMS data —_  — 1372.52




| JETS @ CMS: GLUON AND STRONG COUPLING |

CMS 8 TeV, £ =19.7 fb! dijet production: CMS-PAS-SMP-16-011

3-differential cross sections vs of jet average pr, rapidity separation and boost

Probing x1 and x2 using different event topologies

B © gg-—jets @ qiq; — jets ® qiqi —jets
@ gq - jets (xg < Xq) Bl O qig;—jets Bl @ qq;—jets
B 3 gg-jets (xg > Xxq)
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