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need improvements in

quark flavor separation at medium x,

gluon at low and at high x

= impact of the LHC measurements e jets: gluon, o
medium-high x

Atlas and CMS (7 TeV)

Atlas and CMS rapidity plateau
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~ PDF CONSTRAINTS FROM LHC

need improvements in LHC Run | : mission accomplished
quark flavor separation at medium x, new since last DIS:
gluon at low and at high x

= impact of the LHC measurements * jets: gluon, s
- medium-high x

Atlas and CMS (7 TeV)

Atlas and CMS rapidity plateau

DO Central+Fwd. Jets / i ° top-pairS: gluon
CDF/D0 Central Jets 1 hlgh X

Q2 (GeV?)

* single top: u, d, b
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Jet production in pp collisions directly sensitive to PDFs and o

D
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CMS 8 TeV, L =19.7 fb1 :

inclusive jet production arXiv:1609.05331
( dijet production: CMS-PAS-SMP-16-011
multijet production: CMS-PAS-SMP-16-008


http://arxiv.org/abs/arXiv:1609.05331
http://arxiv.org/abs/arXiv:1609.05331

CMS 8 TeV, £ =19.7 fb! inclusive jet production arXiv:1609.05331, accepted by JHEP

2-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:
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19.7 fb (8TeV)
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Significant impact on the gluon distribution, s consistent with world average,
dominant uncertainty emerges from the variations of the scales


http://arxiv.org/abs/arXiv:1609.05331
http://arxiv.org/abs/arXiv:1609.05331

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

for details see talk E. Eren
Probing x1 and x2 using different event topologies

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

for details see

Probing x1 and xz2 using different event topologies
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19.7fb-1 (8 TeV)

talk E. Eren
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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
for details see talk E. Eren

Probing x1 and x2 using different event topologies

B © gg-—jets @ qiq; — jets ® qiqi — jets
@ gq - jets (xg < Xq) B O qigj—jets Bl @ qq—jets
B 3 gg-jets (xg > Xxq)
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JETS @ CMS: GLUON

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

for details see talk E. Eren
Probing x1 and x2 using different event topologies

19.7fb-1 (8 TeV)

CMS | 2<yp<3

*
Preliminary 0=y <1

dominant gq (Xg < Xq)
- PDF dominant uncertainty
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QCD analysis: XFitter 1.2. 2, baseline data HERA inclusive DIS [EPJ C 75 (2015) 580]

Theory via NLOJet++ via fastNLO, scale pr= yi= ptmax €23

Q%,=1.9 GeV?2:

Data are consistent
very good fit quality
for the CMS jet data

xU(x) = xii(x),and xD(x) = xd(x) + x5(x)
BU_Z Bﬁ and AU e Aﬁ(l _fg

Bd, # Bu,

data set

NC HERA-I+II e*p Ep = 920 GeV
NC HERA-I+Il e*p E, = 820 GeV
NC HERA-I+II e*p E, = 575 GeV
NC HERA-I+Il e*p E, = 460 GeV
NC HERA-I+Ile™p
CCHERA-I+Ile"p
CCHERA-I+IIe p

CMS Triple-Differential Dijets

= 16-parameter fit

HERA data

Xp
382.44
60.62
196.40
204.42
217.27
43.26
49.11

2
Xp /M data

1.15
0.96
0.84
1.09
1.37
1.11
1.17

HERA & CMS data

Xp
406.45
61.01
197.56
205.50
219.17
42.29
55.35
111.13

2
Xp/ Ndata

1.22
0.97
0.84
1.10
1.38
1.08
1.32
0.91

data set(s)

HERA data
HERA & CMS data

X2

1211.00

Xz/ndof

1.16

1372.52

Xz/ Ndof

1.18




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

HERAPDF Method (He55|an) HERAPDF Method (HeSS|an)

CMS EI HERA I+11 DIS y - HERA [+11 DIS + CMS Inc. Jets |
N\ Preliminary HERA 1+II DIS + CMS Dijets | x Preliminary HERA I+II DIS + CMS Dijets

Q2=104GeV?2 QZ= 104 GeV?2
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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:
o (Mz) = 0.11997 6016(PDF) Ly gg16 (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 Opp—n jets+X;n>3
cross sections Opp—n jets+X;n>2

Theory: NLOJet++ via FastNLO, corrected for MPI, NP and EWK (2-jet)
scales ur=ui=HT2/2="% (pT1 + pT2), Varied independently by a factor of 2
NLO PDF sets studied: MSTWO08, CT10, ABM11(Nr=5), NNPDF2.3 and 3.0 MMHT14, CT14

19.7fb” (8 TeV) CMS Preliminary 19.7 fb™” (8 TeV)

antik, R=07 >3

Iyl <2.5 —Data/NP
——MMHT2014 o,(M,) = 0.108 - Min. Valfie
—MMHT2014 o, (M) = 0.120
——MMHT2014 (M) = 0.128 - Max. V

anti-k, R=0.7 n = 2
lyl <2.5 —«— Data/(NP ® EWK)
——MMHT2014 as(MZ) =0.108 - Min. Value
— MMHT2014 as(Mz) =0.120
- ——MMHT2014 . (M) =0.128 -
=2 jet T

Ratio to NLO (MMHT2014)
Ratio to NLO (MMHT2014)

CMS-PAS-SMP-16-008

400 500 600

for details see talk E. Eren 10



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

os determined by minimizing x? between
the measurement and the theory

19.7 fb7 (8 TeV)

anti—kt R=0.7 R,
lyl<25 —— Data/NP

——MMHT2014 o (M,) = 0.108 - Min. Value
— MMHT2014 o (M) = 0.120
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CMS-PAS-SMP-16-008
0.5
300 400 500 600 1000 1680

Hr o/2 (GeV)

MMHT14: x?/ndor =24/28
as(Mz) = 0.1142 + 0.0010(ezp) + 0.0013(PDF)

+0.0014(N P) 9909 (scale) ¥
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Advantage of R32: partial or full cancellation or reduction of experimental uncertainties,
theory uncertainties due to NP effects, PDFs, scale choice, EWK corrections

os determined by minimizing x? between

the measurement and the theory Eai ) value IR o < TGS =2 Os Y

CMS Preliminary 19.7 fb” (8 TeV) CMS Preliminary

—— CMS Ry, preliminary, |s = 8TeV, ag(M ) = 0.1150 °°°
. . -0.0023
anti-k R=0.7 Ra, —e— CMS R, preliminary, ys = 8TeV

lyl<25 —— Data/NP . CMS Incl.Jet, s = 8TeV

. —=— CMSR,,, Vs =7TeV
——MMHT2014 ozs(Mz) =0.108 - Min. Value CMS InS:I.Jet Vs =7TeV

— MMHT2014 o (M) = 0.120 ' —v— CMSft, Vs =7TeV
——MMHT2014 o (M) = 0.128 - Max. Value : +— CMS 3-Jet Mass , s = 7TeV
z | —#— ATLAS TEEC, s =7 TeV

—o— DO Incl.Jet

DO Angular Correlation

H1
—3— ZEUS
- - - World Avg o4(M ) = 0.1181 = 0.0011

s
=
Y
—
T
=
3
O
-
Z
e
2
©
o
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MMHT14: x?/ndor =24/28
as(Myz) = 0.1142 + 0.0010(exp) + 0.0013(PDF)
+0.0014(N P)3-993% (scale)

Evolution performed for Nf= 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 fb! :

2d-differential tt cross sections arXiv:1703.01630
for details see talk J. Gonzalez

19.7 b (8 TeV)
650<M(tD <1500 GeV
¢ Data M(tt) and y(tt
= 1l ngn
- % CT14 p + PDF mOSt SenSItIVE tO PDFS
ool = HERAPDF2.0
Z at LO:
= M(tt) +y(tt
1£ 219 = M(tt) 4y (tt)

Vi

HERA2 | CT14
X 29 16
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o
o
0
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(dof = 15)
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http://arxiv.org/abs/1703.01630
http://arxiv.org/abs/1703.01630
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QCD analysis: XFitter 1.2.2,
baseline data: HERA inclusive DIS [EPJ C75 (2015) 580], CMS W= [EPJ C76 (2016) 469]

Theory for tt MCFM via ApplGrid, scales fir, f = \/mi + [pr(t)? + pr(t)?]/2

Angs (1—x)%(1+ Eox* + Fpx°) — A"ng;” (1—x)%,

— x)cdv,

)T (1+ Dgx + Fgx®),

(x) = xit(x), and xD(x) = xd(x) + x5(x)
- Bﬁ and AU — Al—)(l _fs)

= 18-parameter fit

S
Q
o
=
1
e

x2/dof

Data are consistent
very good fit quality
for the CMS data

Data sets

Nominal fit

+[pr(t), y(t)]

+ly(t), M(tt)]

+ly(tt), M(tt)]

CMS double-differential tt
HERA CCe ™ p, Ep = 920GeV
HERA CCe™p, E, = 920GeV
HERA NCe™p, E, = 920GeV
HERA NC e*p, E, = 920 GeV
HERA NC e*p, E, = 820 GeV
HERA NC e*p, E, = 575GeV
HERA NC e*p, E, = 460 GeV
CMS W+ asymmetry

57/42
44 /39
219/159
440/377
69/70
221/254
219/204
4.7/11

10/15
56/42
44 /39
219/159
437 /377
68/70
220/254
219/204
4.6/11

7.4/15
56/42
44 /39
219/159
439 /377
68/70
221/254
219/204
4.8/11

7.6/15
57 /42
43/39
218/159
441/377
69/70
221/254
219/204
4.9/11

Correlated x*
Log-penalty x?

82
—2.5

87
+2.6

91
—2.2

89
—-3.3

Total XZ /dof

1352/1138

1368/1153

1368/1153

1366/1153




1-d and 2-d differential cross sections
for different observables studied
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arXiv:1703.01630

- xg(x) uf =30000 GeV2 NLO
[ ] HERA + CMS W= 8 TeV
L+ (), (] 8 TeV

777 + [y(t), M(tD)) 8 TeV

] + [y(th), M(tt)] 8 TeV

1 L lllllll

107

1 L lllllll

102

strongest constraints achieved
by using 2d distributions in Myt and yit

Results compared to those obtained
by using inclusive jets @ 8 TeV

CMS

arXiv:1703.01630

- Xg(X) uf = 30000 GeV? NLO

[ ] HERA + CMS W* 8 TeV
7777 HERA + CMS jets 8 TeV

HERA + CMS W= 8 TeV +
[y(tt), M(tt)] 8 TeV

LILILEL
5

10° 102 10

Recommend to use both data sets
for further improvement of g(x) at high x
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http://arxiv.org/abs/1703.01630
http://arxiv.org/abs/1703.01630
http://arxiv.org/abs/1703.01630
http://arxiv.org/abs/1703.01630

_tt@ CMS: GLUON DISTRIBUTION AT HIGH X

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

¥ Tevatron combined 1.96 TeV (L<8.8fb ")
m CMSep7TeV(L=5f"
CMSI+7 TeV(L=5fb")
= CMSep8TeV(L=19.7H")
4 CMSI+j8TeV(L=19.7fb")
m CMSep13TeV(L=221", 25ns)
s CMSI+j13TeV(L=2.21b")
® CMS ep+uu+l+jets 5.02 TeV (L= 27.4 pb”)

[pb]

o
w

Effect of 0.1% LHC beam
energy uncertainty: 0.22 pb
(not d in the figure)

—
o
V)

Inclusive tt cross section

D NNPDF3.0 . MMHT14

BEE NNLO-+NNLL (op) Wcre []aemiz:

——— NNLO+NNLL (pp) 5
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0, m__ = 172.5 GeV, a,(M,) = 0.118 £ 0.001 [ (M,)=0.113]

—
o

12 14
Vs [TeV]

CMS 5.02 TeV, £ =27.4 pb! CMS-PAS-TOP-16-023

for details see talk J.Gonzalez

XFitter 2.0.0 see talk F. Olness

theory: HATHOR, m=172.5 GeV

CMS NNLO Preliminary MC Method

u2 = 100000 GeV>

HERA DIS + CMS W 8 TeV
] HERADIS + CMS W 8 TeV + Top 5.02 TeV

modest effect on g(x) at high x
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Probe the struck light quark through charge of top-quark
measurement of ot/ oz ratio Ry at CMS 13 TeV (2.3 fb-1)

arXiv:1610.00678, accepted by PLB
| for details see talk A. Ahmad

Y
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ng

2.3 (13 TeV)

CMS Dominant systematic uncertainty:
1.81+0.18 (stat) = 0.15 (syst) - Jet Energy Scale and Calibration
CT14 - Signal Modeling

ABM11
ABM12

MMHT14

HERAPDF 2.0 Theory via POWHEG 4FS
Uncertainties account for variation of
the scales and m

NNPDF 3.0

Rich = Otch.t /o

t-ch.t
17


http://arxiv.org/abs/1610.00678
http://arxiv.org/abs/1610.00678

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-pair production has high potential to improve accuracy of g(x) at high x
— remains important to constrain strong coupling & top quark mass

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
p Rate = (structure of 2 protons) ® oj

Pi=—.

Parton Distribution Functions
fi(Q?; x)
PDFs / \
provided determined

by theory experimentally

Po—{ |

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 |




