PDF results from CMS V+jets measurements

Low-x workshop,
Bari, Italy

June 13, 2017

on behalf of the CMS collaboration
(+ work by PDF fitters )

Outline:

- motivation

- PDF results from CMS V measurements in pPb and pp
- recent results from CMS V+jets measurements

- PDF results from CMS V+b/c-jets measurements
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‘Mofiva‘l'ion: Why PDFs from V(+jets)? \

inclusive cross sections sensitive to
k q y
quark content of proton W.Z,v*
W and Z sensitive to different
combinations of quark flavours ) I

-> discriminate flavours indirectly

W/Z + jets sensitive to quark and q W,.Z
gluon content

explicit final state flavour tagging

-> discriminate flavours directly g q

higher order QCD corrections
need to be considered and understood
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Nuclear Parton Distribution Functions

can not use HERA data

P, Q) = R o @R e, @)

Impact of nPDFs on LHC observables

e Important for most heavy-ion observables

e Up to 20 — 30 % modification compared to
a free proton PDF

Impact of the LHC on nPDFs

o New range of (x, Q%) accessible

e First nPDF to include LHC data: EPPS16

see also H. Paukkunen and E. Chapon, DIS17
13.6.17 A. Geiser, PDF from V+jets, Low-x 2017

EPPS16: K. J. Eskola et al.
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EPPS16 fit using CMS data

,_ Using pPb data rather than PbPb because:
A * no “hot medium” (QGP) effects, no jet quenching (a priori)

©

e probing a single xpp

- = NB: only 5 TeV (Run-l) pPb results for now
Process L W Dijet
inclusive inclusive
PLB 759 (2016) 36 PLB 750 (2015) 565 CMS-PAS-HIN-16-003
nPDF qa, q q, g g
X range 10—3 —10-1 10—3 —10"1 10—3 —10-1
Q2 range M% M\%ﬁ 103 — 10% GeV—2
resolved 10x larger vyield
final state than Z
Comments “Isospin effect:”
Vs pn see also
PP E. Chapon, DIS2017
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Z Boson production in pPb collisions

PLB 759 (2016) 36
fid. cross section vs. rapidity
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improved description with nuclear corrections (CT10+EPSO9, DSSZ)

compared to no nuclear corrections (CT10)
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W boson forward backward asymmetry
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also nCTEQ15 F. Olness, DIS17

== ‘_

Nuclear Correction Factor W/Z (@ LHC w/ pPb & PbPb

fub]
3

N uclear ' B
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A plethora of new LHC data for proton PDFs

M. Ubiali, DISZOI7

Inclusive jets and dijets
(medium/large x)

Isolated photon and y+jets
(medium/large x)

Top pair production (large x)

Migh pr V(+jets) distribuTi
(small/medium x)

< High pr W(+|ets) ratios >

W and Z production
(medium x)
Low and high mass Drell-Yan

< Wec (strangeness at medium x)) 10
ow and high mass Drell-Yan
g‘?'ﬁd‘#ﬂ-inn >
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nts in pp

differential W/Z measureme

7 TeV 8 TeV 13 TeV

CMS label, arXiv

Dy m,y SMP-13-003, 1310.7291 | SMP-14-003, 1412.1115 SMP-16-009 (PAS)

Z PT,Y EWK-10-010, 1110.4973 | SMP-14-012, 1606.0586 SMP-15-010 (PAS)
SMP-13-013, 1504.03511

W PT.Y SMP-14-012, 1606.0586

W Gsym SMP-12-021, 1312.6283 SMP-14-022, 1603.01803

used e.g. by NNPDF
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Impact of Z p; data
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¢ For the first time in a global fit, the transverse momentum of the Z boson has been included

# NNLO calculations for K-factors very CPU time intensive

| # All the Z pr measurements from ATLAS and CMS at 8 TeV included in NNPDF3.1
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Impact of Z pT data

J. Rojo, DIS2017
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Moderate error reduction in the intermediate-x region.2xcellent consistency with the other
experimen e

# Given very high precision (sub-percent) of these experiments, this is quite a non-trivial achievement

e ATLAS Z pr 7 TeV data not included in NNPDF3.1. If int\ided, poor data/theory agreement, x> =
1d shifts in gluon and quarks. Tension with 8 TeV datg2
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CMS V+jet and V+b/c measurement

7 TeV 8 TeV

. CMS label, arXiv
W"‘Je"' SMP-12-023, 1406.7533 | SMP-14-023, 1610.04222

EWK-10-012, 1110.3226

Z"‘J et SMP-12-017, 1408.3104 SMP-14-013, 1611.03844
EWK-10-012, 1110.3226

W"‘C ‘ SMP-12-002, 1310.1138

Z"‘C SMP-15-009 (PAS 07/2016)
W"‘ b SMP-12-026, 1312.6608 | SMP-14-020, 1608.07561
Z"‘ b SMP-13-004, 1402.1581 SMP-14-010. 1611.06507

EWK-11-015, 1310.1349
EWK-11-012, 1204.1643

13.6.17 A. Geiser, PDF from V+jets, Low-x 2017
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SMP-16-005 (PAS)

SMP-15-010 (PAS)
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W/Z + jets

Jan 2017 CMS Preliminary

b]

@ 7 TeV CMS measurement (L<5.0 fb™)
@ 8 TeV CMS measurement (L<19.6 fb”)
@ 13 TeV CMS measurement (L<2.7 fb")
— Theory prediction
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CMS-SMP-14-013 JHEP 1704 (2017) 022

jet multiplicity jet 1 pr spectrum

LigA4, Daa SigAr Dala

— 19.6fb" (8 TeV) —@— MGS5+ PY6 (< 4jLO + PS) = 19.6 fb' (8 TeV) —g@— MGS + PY6 (< 4jLO + PS)
a  10° CMS S~ SHERPA 2 (< 2] NLO 3.4j LO + PS) > CMS === SHERPA 2 (< 2 NLO 3,4| LO + PS)
_ﬂ‘ —#— MGS5_aMC + PY8 (< 2] NLO + PS) ) 10 —4— MG5_aMC + PY8 (< 2j NLO + PS)
@ o
8 > o
% 10 - = 1
B 1o — :*- 10 .,
[¢) -2 -
1 5 10 =
e E@_ﬁ_
10" 107 =
—— = .
2 . : o 10* ; T e
10 a!'l.tl-kr (R= 0.5)i]:ts R a_nltu-kT (R= 0.5)]_Lets ———
P >30GeV, |y | <24 ﬂﬁ_ s p >30GeV,|y | <24 et ot
1073 Z}y'—; Il channel 10 Z}y*—> Il channe v
= 1 ] L 1 | ! 1 PR PRSI SRS YT U NSNS U U U U U U TS U S T I [ S SN T A MUY
g 15 ;— ) g 15
- 1] o-—6
o E Q
: ,_—ywwwe%;;;g;% 8 "
g “ S eF |
0.5 = Stat. unc. 0.5 = Stat. unc.
@ E s ~ ’
5 15 5 1s5F
=2 E z = =
R /. "
I U : e it ;
» 05 = Stat. unc. g:) 0.5 = Stat. unc.
8 < 3 -
n 5 » 8 1.8F
£ Ll A S &
(AL LLLL G SIS ID V4 @
1 s [77X7” r'// 7 I-DI
. Stat. [ @ theo. []® PDF & a, unc. g 0.5 Stat. ] @ theo. []® PDF & «, unc.
=1 =2 =3 =4 =5 =6__a 100 200 300 400 500 600 700 800 900 1000
Niets P (i) [GeV]

theory uncertainty larger than PDF uncertainty

13.6.17 A. Geiser, PDF from V+jets, Low-x 2017 15



oW — uv + Njels jets) [pb]

Theory/Data M@Ss/Data

SHERPA2/Data

10°

107

10

Je’r mulhphu’ry

CMS 196fb" (8 TeV)
F__‘ T T T T 3
= P e Data E
—&$— MG5 + PYB (£4jLO + PS) —
—d —4— MGS5_aMC +PY8 £2jNLO+PS) 3
—— BLACKHAT + SHERPA (NLO) =
S—— —4— SHERPA2(<2jNLO3,4jLO +PS) §
— vo— =
=
s 3
-
antik, (R = 0.5) Jets e
Pt s 30 GeV, NP < 24
VII — pv channel e
| | | | | | |
E_,,]E[[:]] Stat {and s;fstj uncert . ' e
E 7 //./ % /r/ﬁ
% I I 1 = I =
= |:|Stat and syst dncert E
§ / /2]
E %
E_ . » D44
= e Sasaa s Teme 7
E I
==
-_:-_ [1Stat uncert ‘_'g'__'
E s 15
3 Y
i S e e o I A
E 7 Y-
E_ 1 1 | L 1 | A3
=0 =1 =2 =3 =4 =5 =6 27
N]els

do / de(j1) [pb / GeV]

Theory/Data MGS/Data

SHERPA2/Data

10

107!

1072

1073

0

1.4
1.2

08
0.6

1.4
1.2

08
0.6

1.4
1.2

08
0.6

Je’r 1 pt spectrum

19.6 Ib (8 TeV)

r| |||||||||||| | I LI T T

‘55% Data

E —— MG5 + PYE (24 LO + PS)

- —4— MG5_aMC + PY8 (£2) NLO + PS)

_E £ —#—— BLACKHAT + SHERPA (NLO)

B '!"!, = Ny NNLO

L - 4~ SHERPA2 (< 2j NLO 3,4 LO +PS)

= L2l

- !G!_Q_

E -

E  antik, (R=0.5) Jets —— 3

- > 30 GeV, ™| < 24 ]

E (— ) + 2 1jet -

I' I l l l l l Il ll ! J' J : = J' ! E ! g ! % I ! : = ! I L Ll I L I Lo I [ l_

= &

$ N

= == ? 7

;— D(D) Slat (and syst) uncert ------------------

E I it I LI B ! LT : : + : T I ‘:

= A4 ’

tice :-u.Jtpﬂ.fpwvl’l’ﬂ-‘flv& G I L 7

5 "aatal ,-‘%_._ i

E—[J[1Stat and syst uncert - =

S A i S USSP USUS B8 o

E )

3 i 1 _

e a7 47, 2

E 72 7% 2% %

;— [CJStat uncert : : i ; ;

1 00 200 300 400 500 600 700 800 QOO 1000

p.() [GeV]

need to understand QCD modelling of multi-jet production very well
before obtaining additional PDF constraints from inclusive V+jets
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Flavour determination in PDFs

difficult game: big differences at small scale are
washed out at large scale

1 I ! IIIIII| I ! IIIIII| I I TTTTTT] 1_
NNPDF3.0 (NNLO) . -
— 0.9
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0.8 .

IIII| | IIIIIII| I I TTTTTI
g/10
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large

b) 1 J
| scale
("'Mz)

input
for
LHC
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W/Z + charm/beauty

Jan20t7 CMS Preliminary

— ! m b i 7 TeV CMS measurement (L <5.0 fb')

- 'H"' i 8 TeV CMS measurement (L < 19.6 b7
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e d9oPH see also B. Roland, DIS17
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Z+C and Zb
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19.8 fb' (8 TeV)
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reasonable description, can check/validate theory models
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W+c and strangeness in proton

see also B. Roland, DIS17

s, d

W~ [JHEP 1402 (2014) 013]
e LAYAYAYAAY,
c
c

= direct probe of the strange content

at the electroweak scale

g gs —+cW—, gs = ¢ WT dominate at LO
gd—=cW—, gd — € WT are Cabibbo suppressed
s, d w o \
’ < AANANANN <CMS results included |into NNPDF3.0
c NNLO, o = 0.118, @ = 10* GeV?
— toMlomn | consistent
c G

with
; nheutrino
i data,

direct probe of a possible s - s asymmetry

|

differential cross section versus the rapidity
of the lepton from the W decay

e also
.= Phys.Rev. D91
ol =3 (2015) 094002

JHEP 1504 (2015) 040 (NNPDF3.0)
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Associated W+c: comparison to ATLAS

data: CMS =
THEP 02 (2014) 013 ;E
T

prediction:
MCFM NLO using
ATLAS-epWZ pdf
arXiv:1612.03016
(based on ATLAS
inclusive W,Z + HERA)

see also talk N. Zakharchuk this conference
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predicts larger cross section than CMS data
-> strangeness contribution too large?
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The strangeness content of the proton

J. Rojo, DIS2017

PDF set Ry(x =0.023,Q = 1.65 GeV) | Ry(x =0.013,Q = Mz)
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see also talk N. Zakharchuk this conference

¢ Confirmed the strange symmetric fit preferred by the ATLAS W,Z 2011 measurements, though we
tind PDF uncertainties larger by a factor 2

¢ The global fit accommodates both thes and the ATLAS W,Z 2011 ( ¥ nutev=1.1,

X*awzn=2.1) finding a compromise valu€ for Rs=0.

¢ Mild tension in tIR global fit (1.5-sigma level at most) when simultaneously included neutrino
data, CMS W+charm ghd ATLAS W,Z 2010+2011
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Conclusions

Measurements of W and Z (DY) production in pPb collisions

= great tool to constrain the quark distributions in nuclear PDFs
(no HERA)

Measurements of W and Z (DY) production in pp, pr spectra

= great tool to improve constraints on quark distributions on top

of HERA and fixed target data: e.g. Z p; used by NNPDF3.1

Measurements of inclusive V+jets = great tool to study
perturbative QCD, PDF effects currently still subdominant

Measurements of W+c/b and Z+c/b = great tool to study the
s, ¢, and b contents of the proton:
strangeness: direct W+c CMS measurements in slight tension with

more indirect ATLAS inclusive W/Z measurements
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