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|
Outline

o “Measurement of the 3-jet to 2-jet rate and extraction of a.”
e “Drell-Yan differential cross sections at 7 TeV”
» “Associated production of a W boson and a charm jet at 7 TeV”

 Data: ~ 5 fb-1 pp collisions at 7 TeV (2011)

e Other CMS results sensitive to PDF:

o Measurement of the inclusive W and Z cross sections at 8 TeV
= W charge asymmetry

e CMS public results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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Measurement of the 3-jet to 2-

jet rate and extraction of o

QCD-11-003
(https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD11003)
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R 3 _ cs(pp—)n jets +X; n23) VS<PT1,2>: P11 42—pT2

32 Gy G(pp—)ﬂ jets + X; n22)

= jet pT > 150 GeV
jet rapidity: |y| < 2.5
= Average dijet p; as scale: (p1,+P+,)/2

Scale explored: 250 GeV < (p1,+p1,)/2 < 1400
GeV

" Major systematic uncertainties cancel in the ratio: Experimentally
—> luminosity, jet energy scale ...; theoretically = choice of p, u:
or non-perturbative effects.

" The measurement R, is compared with NLO pQCD theoretical
predictions using NNPDF2.1, ABM11, MSTW2008 and CT10 PDF
sets.
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« Three different High Level single
jet Triggers with eff.~100%

* Anti-k; jet algorithm with R = 0.7
= [nputs to clustering algorithm: the

four-momentum vectors of
reconstructed particles

o Each particle is reconstructed with Selection:

Analysis Summary

the particle-flow technique = Events should have
two or more jets with
« Jet Energy Scale Corrections p:>150GeV and |y|<2.5
° Syst. uncertainty AR,,/R;, ~ 1.2% = Two jets leading in p;

* R,, is corrected for detector smearing
effects and unfolded to particle level.
Unfolding corrections ~ few %

@ Syst. uncertainty AR,,/R;, < 1.%
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Results and comparison with theoretical
DI’Gd |Ct|0 ns * R,, ratio rises with increasing <p;, ,> as the

5 0457 R R phase space opens up for the production
T oaf oms . Daa(L,=50m" of the third jet, reaching a plateau value for
035 f5=7Tev —NOMNDESNPC 600-1000 GeV. At higher <p;, ,> it decreases
03F antik R=07 Scale uncortainyy again because of the running of a, smaller
0_255_ POF uncertinty _E parton luminosities, and because 3-jet
02F 3 configurations reach kinematic limits
015 E earlier than dijet events.
0.1E 1+ NLO calculations using the NNPDF2.1 PDF
0,05/ = sets are in agreement with the measured
= [ | 1 i i
A E ratio R, throughout the range of this
E E E measurement.
8 F R — - . .
15 1.3 e+ Scaleuncertainties dominate the region up
0.9F = to <py, ,> =400 GeV. (Very similar behavior
085 = for every PDF set examined).
2000 400 600 800 1000 1200 1400 _
(p,, ) (GeV)
* PDF uncertainties for NNPDF2.1 are of the order of 1.5% at 400 GeV increasing to
2.3% at 1 TeV. 17/04/2013
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Results and comparison with theoretical predictions
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* For MSTW2008 and ABM11 PDF uncertainties are of the order of 1%.
* For CT10 PDF uncertainties are 2% at 400 GeV increasing to 2.5% at 1 TeV.
« ABM11 undershoots the experimental data (especially for <pT1,2> < 600 GeV).
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Determination of a,
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a(M,) has been varied in
steps of 0.001and in the
range:
NNPDF2.1:(0.106-0.124)
MSTW2008 : (0.107-0.127)
ABM11: (0.104-0.120)

CT10: (0.110-0.130)

Variations in the R, ratio are
different in each of the four
PDF sets

—> Difference in the
experimental uncertainty in
the value of a(M,) obtained

for each PDF set
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Determination of o,

" x>fit to the R, distribution wrt o in the region <p, ,> > 400 GeV taking into
account experimental uncertainties (use NNPDF predictions).

as(Mz) = 0.1148 £ 0.0014 (exp.) & 0.0018 (PDF) 0990 (scale)

" PDF uncertainty: Repeat fit for each NNPDF replica and take RMS of the
distribution of fitted a..

® Scale uncertainty: Repeat fit for six variations of (., |t;). Take differences
between central and highest/lowest values.

o o024— - o —

~— C CMS Ry, : ag(M,)=0.1148") 8 ]

| PDFset | o,(M)) 7 om . E
MSTW2008 0.1141% 0.0022 (exp.) 0.2 4 * DOchsive ot =

C o DO angular correlation n

0.18— —

CT10 0.1135 £ 0.0019 (exp.) o16E T E
ABM11 0.1214 + 0.0020 (exp.) 0.14 =
0.12? *;

0.1— =

" Extraction of a also in three 0.08"- , ~2 :
] = New values at a higher Q 3
independent <Pri> subranges o6 T -

10 107



Drell-Yan differential cross
sections

SMP-13-003
(https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP13003)
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Drell-Yan cross section

e Standard Model benchmark channel

e Theoretical cross section calculated up to NNLO
= allowing tests of perturbative QCD

« Differential cross section (1/0,)do/dM in dimuon and
dielectron channel
s 15 GeV < M(ll) < 1500 GeV; Y(II) < 2.4 (up), 2.5 (ee)

 Double differential cross section (1/0,)d>c/dMdY sensitive
to PDF. Measured in dimuon channel.
s 20 GeV < M(up) < 1500 GeV; Y(up) < 2.4

« Differential cross sections normalized to the Z-peak region (60
GeV < M(Il) < 120 GeV)

= Syst. uncert. reduced

17/04/2013



45f"at\Ns =7 TeV

~

CMS Preliminary

® data

[ yZ—un
Wy
B EwK
W HWHW
[ QCD

data/MC

&
O hd

600 1500
M(uw) [GeV]

48fh'at (s=7TeV

entries per bin

CMS Preliminary

® data

[ y*/Z—ee
M y/Z—=w
Bl EwK
I QCD

B EHWHW

& &
SOCFONTGS. . s R

data/MC

600 1500
M(ee) [GeV]

Analysis Summary

Dilepton triggers
Two high momentum and isolated muons

" pr(l,) > 14 GeV, p(l,) > 9 GeV
n(w) <24
Two high momentum and isolated electrons

= ps(e,)>20GeV, p;(e,)>10 GeV

n(e)[ <25
Corrected for:
" Lepton momentum & energy scale,
= Lepton efficiencies,
= Unfolded for detector resolution effects,
= Final State QED effects
Reference MC: POWHEG (NLO)+CT10,
reweighted to NNLO
(dzo'/dPTdY)FEWZ
(d?0/dPrdY ) powHEG

w(PT, Y) —

17/04/2013
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Differential cross section do/dM

oo N . _ N Npor
A-€- [ Lint pre FSR ™ Aieipi Anormenormpnorm
" N,=Nb. Events after bck. Sub - —CMS Preliminary
and unfolding, 'E 1E 48fb'ee, 45 puat Vs =7 Tev
" A =acceptance to extrapolate E: vz~ e uu
to full phase space (with ref. g
MC) 3
3
= ¢ = efficiencies (with ref. M(C) 5
. T § —4— Data (ee+uu) in
" p = correcting factor for eff. Fe L

NNLO, FEWZ+CT10 (with EWK correction unc.)

" Normalized to the Z-peak (same
quantities “norm”’

data/theory

" Excellent agreement between

muon and electron channels = B T

. M(ee, upn) [GeV]
combine them H
17/04/2013



Double differential cross section d2c/dMdY

—_ ] - -
g_. 0oL CMS Preliminary, 4.5 fb" atys =7 TeV, 20 < M{uy) < 30 GeV E g-. o.oof CMS Preliminary, 4.5 f” atvs = 7 TeV, 30 < M{uu) < 45 GeV E % 0.04F  GMs Preliminary, 4.5 fb at\/s = 7 TeV, 45 < M(up) < 60 GeV 3
— r - — c d — C .|
= (20GeV,30GeV) ™" 1 Z o e 4 Zee e E
= 005~ 7 - ~ E 7 B ~ C 7 ]
.g F // FEWZ+CT10 NLO ] -g 0.07 ; % FEWZ+CT10 NLO 7: .g 0.03 :7 % FEWZ+CT10 NLO 7:
EN 0.04;* § FEWZ+CT10 NNLO *; _QN 0.06 ; § FEWZ+CT10 NNLO é _QN 0.025; § FEWZ+CT10 NNLO é
- rebpbapati Dbty g ] T eos TR ¢ 4 v ]
0.03 B S 3 X e E 0.02 w =
z By L T ] 5 Ty, :
0.02— C- 0.03 = E e %‘;;g E
- NNLO effects o ] : ® ootk o 3
E L e vz ® 3 T Fa
i significant .- ot (30GeV, 45 GeV) ~ 3 oas (45 GeV, 60 GeV) g
oim\m\ml...\m\m\mHH...HM‘i N T I I I T T I obee bbb bbb b bl L e
i
R e et I et -2 R ==
N SHE e i e i IS = et T
y BE 3 09
“o 02 04 06 08 1 12 14 16 18 2 23 24 N 02 04 06 08 1 12 1.4 16 18 2 22 24 "0 02 04 06 08 1 12 14 16 18 2 22 24
Dimuon Rapidity, Y (i)l Dimuon Rapidity, |Y(up)l Dimuon Rapidity, |Y(up)l
° ° — R E e e — R B e e e R
[ ] M easurem ent Wlthln the g_. 0.012: C‘MS Pr;“min;ry, 4_; lb"at‘\E=T‘Tev, 1Izo<|L|(w)<‘zonG‘gv ‘ ] § 0.002; Cn‘IIS Prellimina‘ry,4.5‘[b"at‘\l§=7‘TeV, 2‘00<N:(um<‘1500 (‘Sev ‘ _f
N = - S = —
t L —e— Data (1) _ tﬂ.ﬂlﬂﬁ} —e— Data (1) {
detector acceptance, to T oo Y ramerans 1 Tt Lo
7 £ 7 ]
d th d l -UN 0.008] S - UNP-O"“} N -
re u C e e m O e _Q B % FEWZ+CT10 NNLO 1 _Q 00012 8 + % FEWZ+CT10 NNLO E
- o], E - B
d d 0.006" N 0.001 =t B
epen enCe r ] o.oooaf— %Q _f
. 0.004r *%é$ E 00008 sopes =
 Normalized to the Z peak : LV R 3 e E
0.002— ] 0004 ]
; - (120 GeV, 200 GeV) =, - wnef-(200 GeV, 1500 GeV)™ . =
reglon (6O<M<120 Gev) 07\\\‘|||||\\‘H\‘H’\‘H\‘H\||||‘H\‘H\‘\?§Tr’; uonu:;u‘u\hll‘\u‘\’H‘?\‘H\‘\llhu‘u\fﬁ’?ﬁi
° ° > 15E > 14
within [Y| < 2.4 jEETT | } e s———— T
E‘-}éy A i i Ao n e R E‘:_l_f 0 e e \[ =
. 31§§ Tt n:s ‘ i p——
L4 COmparlng to FEWZ + CT10 "0 02 04 06 08 1 12 14 16 18 2 2.2‘ 2.4 " 02 04 06 08 1 12 1.4 1.6 1.8 2 22 24
Dimuon Rapidity, |Y(up)l Dimuon Rapidity, |Y(up)|
NLO and FEWZ + CT10 NNLO _

M.l Josa — PDF4LHC CMS



Double differential cross section d?.c/dMdY
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W+c associated production

SMP-12-002
(https://cdsweb.cern.ch/record/1525727)
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Motivation

e The study of associated W plus charm quark production at
hadron colliders provides direct access to the strange quark
content of the proton at the electroweak scale—> help reducing
the uncertainties on the strange parton distribution function

W w

gluon gluon

> <
< ~
— S C c
C

 Other contributions (g+d-quark) are small (few %)

 Total and differential W+c cross sections and charge cross-
section ratio o(W*+c)/o(W~+c)

Ny
0
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e Standard CMS W selection: Analysis Summary
= Single muon/electron triggers

= High p; and isolated lepton:

pr(1)>25 GeV, p(e)>35 GeV
= High Transverse mass:

M+(u, MET)>40 GeV, M.(e,MET)>55
GeV

n(lepton)| < 2.1

e Jet reconstruction:
s Anti-k;, AR = 0.5, pT(jet) > 25 GeV,
In(jet)|<2.5
e c-tagging:
s Exclusive and inclusive reconstruction

of D meson decays: ¢t D*,
ct2>D**>DO+xt, ¢t

m]

17/04/2013
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e Standard CMS W selection: Analysis Summary

= Single muon/electron triggers In W+c events the charge of

= High p; and isolated lepton: the W (and the lepton) and
Pr(n)>25 GeV, py(e)>35 GeV the charge of the c quark are
= High Transverse mass: of opposite sign.
M+(u, MET)>40 GeV, M.(e,MET)>55 The charge of the c quark is
GeV unequivocally determined in the

three signatures (c*-> D,
c*>D**>DO+1t, ¢t %)

m]

n(lepton)| < 2.1

» Jet reconstruction: OS events = sign(W) x sign(c) < 0
° Anti-k;, AR = 0.5, pT(jet) > 25 GeV, SS events = sign(W) x sign(c) > 0
In(jet)[<2.5 == 0S-SS selection
 c-tagging: Main bck. contribute equally to OS
= Exclusive and inclusive reconstruction —and SS (including gluon splitting)
of D meson decays: ¢t D*, -~ Subtracted
c*2>D**>D0%+n*, ¢*2I* Clean samples after subtraction

1/104/2013
M.l Josa — PDF4LHC CMS



D*>K mnt
Events with a
Secondary Vertex with
3 tracks

Signal Region: events in

Semileptonic
(cDp*)
Events with an

Identified muon within
the jet
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W+c total cross section

Nger — kag

c(W-+c) =
* Fiducial region: ( ) LintB Ae

s Charm quark: p;(c) > 25 GeV, |eta(c)| < 2.5
s W-> I nu: p;(lepton) > 25 (35) GeV, |eta(lepton)]| < 2.1

o Acceptance x efficiency:
= Reference Monte Carlo: Madgraph+Pythia + Base PDF: MSTW08NNLO
o Corrected for detector effects

e Charm branching fractions from LEP

» Good agreement among different subchannels

Syst. uncert. ~ 6%

p-(lepton) > 25 GeV
clpp > W+c+X) x BIW — uv, p¥ > 25 GeV) = 107.7 £ 3.3 (stat.) = 6.9 (syst.) pb

p-(lepton) > 35 GeV
oclpp + W+c+X) x B(W = lv, p% > 35 GeV) = 84.1 2.0 (stat.) £4.9 (syst.) pb
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Comparison with theory

e MCFM v6.1at NLO E{(c-jet) > 25 GeV, |n(c-jet)|<2.5, AR =1
¢ MSTWo08, CT10, NNPDF2.3, NNPDF2.3_,;;4., (all at NNLO)

e Size of the PDF uncertainties " atve = 7 oV
depends on the different o (lepton) > 25 GeV
methodology used by the various fotal Uneertainty ' CMS 2011

CMS Preliminary

grOUpS to deﬁne the 1 Sigma PDF Statistical Uncertainty 107.7+3.3 (stat) £ 6.9 (sys)
. D
uncertainty. '“.’,';Q;T;WOB o -
ncl. 10w
» Data agree with predictions using | ,cr10 > energy data | e
PDF sets that include low energy "% | DIS
DIS data (predict a strange vNNPDF23 | v
99.4+4.2,,,
suppression wrt other light = === === e m e - - -
quarks) .NNPDFzscO,} Collider data .
. . 1299 +151 . Only
e PDF with collider data only: e 11
predict a symmetric light sea, but  ° %0 0 W o) o]

with large unFertalnty. l.n . Same observations for p;(lepton)> 35 GeV
agreement with data within1o 710412073
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Characterization of the kinematics of W+c events

CMS preliminar ys =7 TeV
1000 oy
—@— Data, 5.0fb ™'

+ ot
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b. (0OS-88) events / 0.42
(o)]
o

n

N
S
=]
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Jet Inl
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LA B L L B
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@ i J
>
@
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e
a5 200
c
0
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nb. (OS-SS) events / 0.42

0 0.5 1 1.5 2 25

r.let Inl
CMS preliminar, s=7TeV
200 [
P [ -8 Data, 5.0 ' 1
g B - W+cresonant  y*t_, Dun:i E
~— 150 __- W+c non-reson: i
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0} | i
> i + i
@ 100} -
O 5 i
@ T ]
%) I ¢ |
O sof =
a 5 i
c L ]
0

PRI ETRTERN NS NI R
0 0.2 04 0.6 0.8 jet1

p°/p

Overall good agreement
Slightly harder fragmentation spectra in data than in MC
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W+c normalized differential cross-sections

1 dU(W + C) (Nse!,i — kag,i) /(»A 6)1‘ 1.
= Jiss “Aa
U(W + C) dﬂ Zi:l(Nsef,i — kag,i) /('/4 E)i Ur

 Differential wrt pseudorapidity of the lepton from the W decay

e Relative measurement = Cancellation of efficiencies & other systematic
uncertainties in the ratio (statistical uncertainties dominate).

CMS preliminary Vs=7TeV CMS preliminary Vs=7TeV ° InCIUSIVe Selec-tlon
L L L L L L BN L IS L LA L B LN BELERLE
% :;\E)Vata, 50fb"  D*channel | g ;Datas sof’ | ° Notfocusedon
Q) | +C — uv +C 4 O W+c — ev +C |
‘81500‘ B Gockground P07V B Background | resonances, broader
o | I S 1000 N - phase-space
- i ¢ : - i D*—n*D" channel | .
£ 1000} . £ b (¢) > 35 Gev | = Release selection
e g ' criteria
@ | o -
n I o 500 1 = Enlarge statistics
o 5001 P12 ]
%) 0w |
S ! o |
s | s [
e T T S g T it
05 1 15 2 25 3 0O 02 04 06 08 1

Secondary vertex mass [GeV] Mass difference [GeV] 17/04/2013



W+c normalized differential cross section

" Good agreement among different subchannels and muons and
electrons = combine

" Agreement with theory

CMS preliminary Vs =7 TeV CMS preliminary Vs =7TeV
=0.7 T =0.7 T ]
O I * Data, 50" O I * Data, 5.0 "
N el AL ° - e
200y il 206 g T ooE
g | : g |
~05 — —~. 0.5 ]
3 - . O -

% : : % ! THARAARARA
L W= v m 1 L W= lv

©04F (1=p) - TO4LF (I=pe) —— -
[ E{(jet) > 25 GeV ! [ E{(jet) > 25 GeV

031 p_(1)>25 GeV T 031 p_(1)>35GeV
AT W RN SN N TN TN T N N TN SO T AN SO T S N C oy ey ey 1A
0 0.5 1 1.5 2 0 0.5 1 1.5 2
() (1)
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W+c differential cross section

" Normalizing with the measured total o(W+c)

" The two measurements are essentially uncorrelated. Systematic uncertainties
come almost entirely from the total cross-section determination.

" Agreement with theory

CMS preliminary Vs =7 TeV CMS preliminary Vs =7 TeV

— L L L B — - L B L B R
Stoo W2V s bmaee' ) B[ W2l e oamson’
& - ( - “’) cee GT10 1 = i (I B [.L,E‘.') cee GT10 1
L [III NNPDF23 RS i [T NNPDF23 1
— NNPDF23 8 — 5 NNPDF23 .
O coll O 60 coll B
I B 1 X _
E ?‘tt-m??" “““ E i
8 50 8 40l --_
20 B _
L E(jet) > 25 GeV - | E.(jet) > 25 GeV -
- p.(1) > 25 GeV - - p. () > 35 GeV ;
oL oL

0 0.5 1 1.5 2 0 0.5 1 1.5 2

() L0 [
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Charged cross section ratio

" Total and wrt pseudorapidity of o(Wt+¢)  (Ntps—Ntgg)
the lepton from the W decay c(W-+¢)  (N—os—N-ss)
u InCIUSive SeleCtion CMS preliminary Vs =7 TeV
N . _— L L
" Relative measurement: Cancellation g - ¢ Data, 50" Wolv -
of syst. uncertainties in the ratio (lepton -6-'1 2 == EATSEWB (1=ne) |
reco.), statistical uncertainties dominate. = | L NNPDF2S ”
CMS Preliminary 5fb'atVs =7 TeV +§ i I ]
| ! ! ! | ! ! ! | ! = 1 E ]
Total Uncertainty pT(Iepton) EMBSSQOEeV o) il ”””mnnl nmiHHHqHHHm .
Statistical Uncertainty 0.939 + 0.019 (stat) + 0.005 (sys) i :
«CT10 ’ | E;(jet) > 25 GeV |
0.942 + 0.004 PDF |
| p_(I) > 35 GeV
VI\llll\f:)lgsDFozc?ﬁ 2 0 6 . .T P R T RS R SR R SR
P00 er 0 0.5 1 1.5 2
AN eser ot I Different assumptions of the various PDF (1)

I R groups (ex. s*=s+sbar and s = s-sbar)

04 06 0.8 . 1 17/04/2013
o(WHC)/o(W+c) 35— PDF4LHC CMS




Summary

e Rich variety of CMS experimental results with PDF
information at LHC energies.

e Results presented here are from pp collisions @7
TeV, still 8 TeV data to be/being analyzed, more
results will come.

17/04/2013
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Documentation

* QCD-11-003: Measurement of the 3-jet to 2-jet rate and
extraction of «..
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD
11003

e SMP-13-003: Drell-Yan differential cross sections at 7 TeV.
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
13003

e SMP-12-002: Associated production of a W boson and a charm
jetat 7 TeV.
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
12002

e CMS public results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD11003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD11003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD11003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsQCD11003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP13003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP13003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP13003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12002
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12002
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12002
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12002

Thank you for your attention !!
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|
Fitting a.(M,)

 Perform a x? fit with Experimental uncertainties (taking into
account correlations)

* Fitting region: 400-1400 GeV (21 data points)
v =M"C'M
M, =Ry, ~T;,
C = Cov™™ + i oS _Sources i (o Vol _Sources

with

Cov™™ :1s thestatistical cov. matrix taking account correlations due to unfolding

Cov”™ 57" : the cov. matrices taking into account the JES systematicuncertainty sources

Coy°1-5o4re - the cov. matrices taking into account the Unfolding sy stematicuncertainty sources

« Each JES and Unfolding systematic source is treated as 100%
correlated across the <py, ,> bins.

 PDF and Scale uncertainties are treated separately.

17/04/2013
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R32 experimental uncertainties

 Jet energy correction, known to 2.0 - 2.5%: > AR/R ~ 1.2%

o Provided as 16 mutually uncorrelated sources; fully correlated within
source; Gaussian behaviour assumed

= Dominated by absolute scale, followed by high pT extrapolation
Unfolding uncertainty accounting for:

= Variation of jet pT spectral slopes following differences from Pythia6
Z2 (agrees with MadGraph) and Herwig++ 2.3 > ARIR < 1.%

s Variation of jet energy resolution (JER)
Addition of non-Gaussian tails to JER
Luminosity (normalization) uncertainty cancels

No assumptions on bin-to-bin correlations with respect to y
necessary, only 1 bin considered

Statistical uncertainties propagated via unfolding

17/04/2013
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Unfolding matrices for DY cross sections

1500 1 1500 1

%' at\'s = 7 TeV, CMS Simulation -. % at\'s = 7 TeV, CMS Simulation
= 1B > i
§ 600 - fg 600 N
= ot S n
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5 e 10 5 m 10"
2 240 " 2 240 St
O O .
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2 120 e 1N e——- 4
S S mEE il )

.2 s=mm. e -
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FSR-unfolding matrices for DY cross sections

—1500 1 1500 1
% at\'s = 7 TeV, CMS Simulation % at\'s = 7 TeV, CMS Simulation .
o 9}
; 600 ﬁ 600 |
= 107 2 10"
o 240 o) 240
0 0.
2 2
S 120 8 120
-2 -2
60 10 60 10
30 30
15 103 15 ._I_I 10°
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Differential cross section do/dM

CMS Preliminary CMS Preliminary
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Systematic uncertainties on W+c total cross

section
pk > 25GeV  ph > 35GeV

Source Asyst| %] Asyst| %]
MC statistics 1.6 1.3
Lepton efficiency, resolution 0.8 15
Muon efficiency in charm decay 1.4 1.5
Vertex reconstruction 1.8 1.7
Pileup 0.9 0.8
Jet energy scale 3.0 1.7
E+t 2.0 2.0
B(c — DT — KF¥tr¥) 1.5 1.5
B(c — D**+(2010) — DY — K¥ %) 0.7 0.6
B(c — 1) 2.6 2.7
ISR and Q?*-matching 0.2 0.2
Fragmentation function 0.8 0.6
Other theory uncertainties on A4 e 0.8 0.7
DY background 1.4 0.9
Luminosity 2.2 2.2
Total 6.3 5.7

M.l Josa — PDF4LHC CMS
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Characterization of the kinematics of W+c events
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Overall good agreement
Slightly harder fragmentation spectra in data than in MC
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Normalized differential cross section

CMS prellmmary Vs =7 TeV CMS prellmmary Vs=7TeV CMS prellmlnary Vs=7TeV
g1 | T T ] :1 | T T 5_—1 | T T
o [ Data, soﬂa1 1 B [ Data, 50fb1 ] © [ Data, sofb1 ]
’6“ | e D channel ’6“ | e D channel "6“ | e D channel i
+ 08| °© D* - D° n*= channel + 08 ©  D** - D’ channel | + 08 °© D* - D° n= channel
; i o Semileptonic channel ] ; i Semileptonic channel ] B i o  Semileptonic channel ]
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= Good agreement between the three independent D-tagging
channels
= Good agreement of the average values of the electron and muon
channels (p;>35 GeV WP)
= Full errors drawn. Main syst. effects cancel in the ratio
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Cross section ratio

CMS prelnmmary \fE =7TeV 5 CMS prelnmmary \I'E =7TeV 5 CMS prelnmmary Vs=7TeV
- [ ' EE _ ' ! EE - ' L
- i Data, 501" 1 . i Data, 501" 1 2 1 Data, 501" ]
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= Good agreement between the three independent D-tagging
channels

= Good agreement of the average values of the electron and muon
channels (p;>35 GeV WP)

= Full errors drawn. Main syst. effects cancel in the ratio
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erential cross

Systematic Uncertainties on di
section

m Most of the effects cancel in the ratio.

MC statistics 3-5%

Muon Momentum Scale and Resolution 0.2-0.4%
Electron Momentum Scale and Resolution 1(B)%-1.5%(E)
Muon Reco&ID 0.35%
Electron Reco&ID 0.25%
Background subtraction 0.3%

m  Other systematic uncertainties (MET, PileUp Reweighting, Jet Scale and
resolution, PDF uncertainties, Charm fragmentation) have been found to
have no effect on the ratios

m Statistical error: 5 - 7% > Normalized diff. measurement dominated by

statistical uncertainties
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Systematic uncertainties in the cross
section ratio

 Overall negligible (effects cancelled out in the measured ratios)

« Remaining uncertainties come from effects on the lepton
reconstruction

Muon Momentum Scale and Resolution 0.4-0.8% (0.2-0.3% incl.)

Electron Momentum Scale and Resolution 1(B)%-1.5%(E)

« Lepton charge misidentification < 0.3% (electrons), ~ 10
(muons). The associated systematic uncertainty in the positive to
negative cross section ratio oc (1.- charge ratio). Charge ratio~1
—effectis negligible.

 Dominated by statistical uncertainties
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