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Introduction

Precise knowledge of the PDFs are essential for predictions at the LHC
PDFs: one of main theory uncertainties in Higgs production, M  measurement, etc.

Zand W productlon at LHC o 3 1 __ QCD factorisation:
- probe different flavour combinations 5

- potential to improve quark PDFs E, /X =~ o= o[ PDF

=~

1.8 E W™
16 F
14 F
1.2 F

08 F/[— us — cd
0.6 [
04 F
0.2 f

relative scale, at 14 TeV

— U and d quarks dominate for W, all flavours contribute to Z
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Strange quark density determination

Strange quark density in the proton is still poorly known Phys. Lett. B 675, 433 (2009)

— mainly constrains come from fixed target data (NuTeV, o7 |

HERMES, NOMAD) 06
0.5 P
Nucl.Phys. B876(2013) 339 . 01 . [S(m sz +s(x, Qz)] Jx o
NOMAD measurement Ks(Q7) =  thisfit£ 1o

03 VA this fit + 16 (B fixed)

K, (20 GeV?)= 0.59 + 0.019

02 .

- LHC Z,W and W+charm data sensitive to strange quark density

The differential ATLAS W*, Z data used to measure strange quark density

— data suggest that light quark sea at low x is flavor symmetric
Phys.Rev.Lett.109(2012)012001

s = 05(8 o 5)/({ = 1.00ZIZO.20exp:|:0.07modi—o'%gpar—_}_g'ggﬁgio.OSth
' ' at Q% and x = 0.023

(starting scale)

— same results confirmed by the ATLAS W+charm data (obtained from the x?
minimisation procedure) arXiv:1402:6263

rs = 0.96 7010 T3y at Q° =10 Gev? see G. Aad's talk
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CMS W lepton charge asymmetry

W lepton asymmetry _
— W+_W — uv_dv
— overall excess of W* over W™ due to presents YT W+W  u +d +2u
of two valence u quarks in the proton vV sea

— probe valence quarks and PDFs rations (u , d , d/u, d /u , dbar/ubar):

CMS W muon asymmetry measurement

— better resolution for MET using Hadronic Recoil: arXiv:1312:6283
u=-MET-5p T CMS, L=4.7fb"at\s =7 TeV
n

o
w

— DY sample for normalisation correction

- binned maximum likelihood fits of MET are
used to extract signal (template method)
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Muon charge asymmetry:
- P">25 and 35 GeV

NLO FEWZ + NLO PDF, 68% CL
0.15 s cT10
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see A. Khukhunaishvili's talk I ﬁmiggiopdem i
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R. Placakyté DIS, Warsaw, 28"™ of Apr - 2¢ of May 2014 4



W+charm measurement at CMS

W+charm data —» direct sensitivity to the strange quark

—_ - +
s, d w s, d w

Identification:

— W decays to charged leptons (e or p)
and neutrino

— ¢: charm-quark jets with ijet>25GeV, |njet|<2.5
jets identified: secondary vertex D™ — K-ntnt (D~ — Kfn—77) arXiv:1310:1138
D**(2010) — Dz " (D*(2010) — D7)
D’ — K7t (D" — Kfr)
semileptonic decay with well identified muon

oY

o1y

_ . CMS L=50f"atys=7TeV
Background subtrfactlon. | B100-  peooscey Wolv
perform by subtracting the Same Sign (SS) = pﬁ o5 v (I=mn)
from the Opposite Sign (OS) distributions =) i lT |
’Ef j%—T | { |
Total and differential cross sections % 50? T B I H
T I ] __
p, > 25 GeV (W-pv) - v . |_
p > 35 GeV (W-pv, W-ev) | o MsTwos N o
. o NNPDE23 Stat. uncertainty
Ratios (W*+cbar)/(W +c) - » NNPDF23_, Total uncertainty
0 05 71 T 5 2

uy
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QCD analysis of CMS W production data W

Motivation:

- study the impact of the W production data on valence-quark distributions

— test of joined sensitivity of lepton charge asymmetry and W+c data to the
strange content of the proton

- use minimal data input in the PDF fit (HERA I), use most precise CMS data
- theory calculation for W+c production available to NLO QCD : PDF fit performed at NLO
— HERAFItter framework is used for the PDF fit www.herafitter.org

- NNPDF Bayesian reweighting used for qualitative studies of the data impact on the PDFs

R. Placakyté DIS, Warsaw, 28"™ of Apr - 2¢ of May 2014 6



QCD analysis settings

QCD analysis at NLO performed using HERAFitter www.herafitter.org

— parton evolution in Q* via DGLAP equations as implemented in QCDNUM
Comp.Phys.Com.182:490,2011

Data: HERA | combined inclusive DIS data JHEP 1001:109 (2010)
- uncertainty treatment follows HERAPDF1.0 prescription

CMS p asymmetry data (P'>25 GeV)
— systematic correlations as covariance matrix

CMS W+charm data (P >35 GeV)
— systematic and statistical correlations as full covariance matrix

Theory: predictions from APPLGRID files obtained with MCFM (NLO)

Starting scale Q° = 1.9 GeV*
m_=1.4GeV, m =4.75GeV

heavy flavour scheme: general mass variable flavour scheme RT
scale pu *=p *=Q’
strong coupling o, =0.1176

- variation of parameters later considered in the PDF uncertainties
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Parametrisation

PDF parametrisation at the starting scale (Q° =1.9 GeV?):

() = AgaP-(1—2)% — Az - (1— )%,
tuy(z) = Ay zPw . (1 —2) . (14 E, %),

(r) =

()

xU=xXu(+xc)
xD=xd+x5(+xb)
A: normalisation Xg:stD with

B: small x behavior f =X§/(Xa+X§)=O.31
N\“D C: x- 1 shape >

ll13p":

— variation of parametrisation (addition of parameters) later considered in the PDF uncertainties
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Parametrisation

PDF parametrisation at the starting scale (Q° =1.9 GeV?):

el — A Ba . (1 _ \Co _ A B (1 _ \C, - _ _
”/(l) — Agl" (1 1) ) Ag'l’ L (1 ‘ I> ’ xU =XU(+XC)
3 vuy(t) = Ay, 2P (1—2)% . (1+ B,,a?), xD=xd+x5(+xb)
“1 p": rd (l) A, B — \Ca, _
Ly \ L dy : (1 l) - - .
’z”_’("l’) 4—zBT ) (1 o T)(—% A: normalisation XS—fiXDlNlth_
zU(z i ) B: small x behavior fS=XS/(Xd +xs)=0.31
xD(x) = Aﬁfz?Bﬁ (1 —2)p. C: x- 1 shape
rg(x) = AQ%BQ (1— x)cg — A;xBQ (1— x)CQ,
a“ " ‘KL)u'l'(:C) — A'U-TCEBMU ’ (1 o :E)CYUT ’ (1 + E'llzfx?)?
15p Or e d de el (jd
"fl'ee-S"Z l(ﬁ(l) A([UIB ‘ (1 lgy ‘
xU(x) = ApxU - (1—2)7, 7 - 7
) = A PO sl = AzePs ()
TIAT) — Aapt T T 7~ . 5(33) — A, Bs (1 _ :U)CE
Az = A;;Ba=DB;
Bs = Bg for the central fit, A_and C_are free parameter of the fit, assumed s = sbar

Bs # Bg fitincluded into parametrisation uncertainty

HERA data alone cannot be fitted with this parametrisation because has no sensitivity to s

- variation of parametrisation (addition of parameters) later considered in the PDF uncertainties
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Results: CMS W asymmetry data

QCD analysis at NLO, 13 parameter (fixed-s fit)

- HERA | combined DIS data JHEP 1001:109 (2010)
- Muon charge asymmetry in W production at 7 TeV arxiv:1312:6283

. CMS NLO 13 parameter fit N CMS NLO 13 parameter fit
P Q= mj, C sl Q' m§
x 0-6 — [ HERAIDIS + CMS A, x | [ HERAIDIS +CMS A,

72 HERAIDIS | B4 HERAIDIS
0.4 | 0.2
0.2 I 0.1
o F I I\IIIIl | L1l | L1 lall | | Ilr o
S 12 S 15
ERE &
1 1
0.9
0.8 0.5 — (HERAIDIS + CMS A,) / (HERA | DIS)
: | 1 I\IIIIl 1 1 IIIIII| 1 11 11 1 IIIIII| 1 1 IIIIII| 1 IIII\Il | 1
-4 -3 -2 -1 -4 -3 -2 -1
10 10 10 10 10 10 10 10
X X

error bands represent total uncertainties, (experimental, model and parametrisation uncertainties)

Change of PDF shape, improved constraints on the valence distributions
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CMS
Results: CMS W asymmetry and W+c data Z

QCD analysis at NLO, 15 parameter (free-s fit)

- HERA | combined DIS data JHEP 1001:109 (2010)
- Muon charge asymmetry in W production at 7 TeV arxiv:1312:6283
- Differential cross sections of associated W+c production at 7 TeV arxiv:1310:1138

HERA | DIS + CMS W production

e 3 HERA | DIS + CMS W production
=z Q%= 1.9 GeV’ : T Q*=m¢
- — CMS NLO free-s fit — CMS NLO free-s fit
0.8 B exp.unc. 0.8 B exp.unc.
- (] model unc. e - \ (] model unc.
[ parametrization unc. = - X (£x0.05) [ parametrization unc.
0.6 - 0.6 —
L L x-(gx0.05) xu,
04 - 0.4
0-2 "y (=x0.05) e

10 10 10 10" 1 10" 10 10 10 1

PDFs can be directly compared to NLO results by different PDF groups
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Comparison to CT10 PDFs

u, (x.Q), HERA I DIS + CMS 7 TeV Ay + (W +¢) d,(x.Q), HERA I DIS + CMS 7 TeV Ay + (W +¢)
2 T T T T T T TTTT 2 T T T T
2 2
18 L Q =10 GeV~ i 18 ng 10 GeV2
,,,,,,,,,, CT10 NLO “4 CT10NLO
16 1 .
- CMS free-s fit u Vv - CMS NLO free-s fit
S 14 F 1 9
z Z
= =
o )
02 1 1 1 1 1 1 1 | 02 L L 1 L 1 1 1 ]
210* 10 001 002 005 0.1 02 05 09 2107 107 001 002 005 0.1 02 05 09
X
5(x.Q). HERA I DIS + CMS 7 TeV Ay + (W +¢)
2 T T T T
2 2
18 | Qh= 10 GeV~
—————————— CT10 NLO
16 \
B CMS NLO free-s fit ; n . .
S 14 S // all uncertainties 68% CL
z
2 12 \/
L[ e T good agreement with CT10NLO
R TIL T :
= s —————— (does not include any LHC data)
0.6
04 \
02 1 1 1 1 1 1 1 1
2107 107 001 002 005 01 02 03
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Comparison to the NNPDF reweighting

s NNPDF reweighting studies
3

|% Comparison with:

é 1 - HERA | only and W+c data

- global NNPDF2.3 set (includes the
neutrino DIS and the ATLAS W,Z data)

RS

NNPDF Reweighting:
- ] HERA I DIS + CMS W+c

Results of full QCD analysis and NNPDF
0.5 [ NNPDF global fit + CMS W+c

reweighting are in agreement

- CMS NLO free-s fit (HERAFitter)
] HERAIDIS + CMS Au + W+c

Determination of strangeness using
collider only data

!

= > - Results consistent to the constraints
10 10 10 10

imposed by the neutrino scattering
experiments
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Results: s quark density Z

Determination of s quark density in the proton by using W production at CMS

o HERA | DIS + CMS W production | HERA I DIS + CMS W production
x | Q®=1.9 GeV’ X 5 Q’=mZ

0.75 — — CMS NLO free-s fit i — CMS NLO free-s fit

B exp.unc. = B exp.unc.
05 [] modelunc. 2 - 1 model unc.
[ parametrization unc. [ parametrization unc.

0.25

T 4. )
B ©

+ 1.5 +
2 2
= 1 =
I'n |
+ +
» 05 )
I 1l

2] %]
m 0 | L1111 II| | | I \I‘ | L1111 I\l | | m

) 3 2 -
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The determined strangeness suppression K (20 GeV?):
Ks = 0.525012 (exp.) 700 (model) *) 13 (parametrization)
NOMAD K (20 GeV?)= 0.59+0.019 Nucl.Phys. B876(2013) 339

Determined strange fraction is consistent with NOMAD results

R. Placakyté DIS, Warsaw, 28" of Apr - 2¢ of May 2014 14



Comparison with ATLAS results

ke 1.5 ) ,
Q°=m,
Phys.Rev.Lett.109(2012)012001

K’
[ | HERAPDF1.5 + ATLAS Wc-jet/WD data
arXiv:1402:6263

I ATLAS-epWZ12

T
A ITLRRLL
X KRRKKL

STRRLILILLKL
- R LHRRLRLRARRL
S — TS SRR
1 SRR R, SRR otelele! eteletelete%e %% %0 e %%

SNttt RRRHRILILRLRLRLRLRIRLRHLRHLKL

LIRS KRR GG HRIEHIIARHHRRKS

e SRR S0

: s x LRRLRELRS
: 2505

0.75
arXiv:1312:6283

e

.| CMS NLO free s fit:
] HERAIDIS + CMS A + W+c

2
10

0.5

Strange fraction determined in CMS is lower than in ATLAS but results
are still consistent
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Summary

The QCD analysis at NLO with CMS W production data:

Precise CMS measurements of muon charge asymmetry impose stronger
constraints on valence quarks

An interplay of W production measurements at CMS is exploited in a PDF
fit

— obtained PDFs consistent with CT10 NLO PDF set
- results are supported by the NNPDF reweighting studies

- strangeness suppression K (Q*=20 GeV?) is determined and is consistent with
the NOMAD result

— strange fraction Rs(x) found to be consistent with ATLAS NLO result
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Results: s quark density

Determination of s quark density in the proton by using W production at CMS

o HERA I DIS + CMS W production | HERA I DIS + CMS W production

’ 2 2 ’

x - Q" =1.9 GeV X Q%= mZ

0.75 — CMS NLO free-s fit — CMS NLO free-s fit
B exp.unc. I exp.unc.
0.5 [ ] model unc. 2 - [] model unc.
[ parametrization unc. I parametrization unc.
0.25

— 0 Ll I‘
T st ® ATLAS epWZ NLO, exp. unc. o

+ Phys.Rev.Lett.109(2012)012001 +
= 2
— 1 —
l» I

+ +
L 05 )
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m L1l m‘n

03 3 2 1
10 10 10 10 1
X

The determined strangeness suppression K (20 GeV?):
Ks = 0527012 (exp.) 00, (model 015 (parametrization)
NOMAD KS (20 GeV?)= 0.59+0.019 Nucl.Phys. B876(2013) 339

Determined strange fraction is consistent with NOMAD and ATLAS results
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