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m 7 TeV CMS measurement (L < 5.0 fb™)

@ 8 TeV CMS measurement (L < 19.6 fb™)

m 13 TeV CMS measurement (L < 35.9 fb™)
Theory prediction
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All results at: http://cern.ch/ao/pNi7
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Fiducial W, Z and H os with W—lv, Z—Il, H—yy and kinematic selection

DIS 2018

See also A. Grebenyuk’s talk on
V+jets



MOTIVATION

—>Processes involving W & Z boson production are one of the better understood
processes at hadron colliders

2>W->lv, Z->ll, (I=e,n) are among the cleanest final states experimentally
= Important to study V+ HF production at the LHC

—> To test pQCD and validate MC I F——
> Probe HF PDFs See also S. Pflitsch’s ta

—> Collinear production of b quarks (gluon splitting)
— They are backgrounds to other measurements and BSM searches
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diagrams for W+c and Z +

| “a b b bb productions
_ b i _ : Z ’
Q+1%1L< q. iigKL<B q b b

(a) (b) (c) (d)

- Measurements carried out in fiducial phase space
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CONTENT

—>Measurement of Z + b jet at 8 TeV (Eur. Phys. J. C (2017) 77: 751)
—>Measurement of Z + c jet at 8 TeV (Eur. Phys. J. C (2018) 78: 287)

=2 W+c differential cross section at 13 TeV (CMS-PAS-SMP-17-014)
—>Measurement of W + bb jet at 8 TeV (Eur. Phys. J. C(2017) 77: 92)
—>Z+ b, bb jet cross sections at 7 TeV (JHEP 06 (2012) 126, JHEP 06
(2014) 120)

—>W+bb cross section at 7 TeV (PLB 735 (2014) 204)

=2 W+c differential cross section at 7 TeV (JHEP 02 (2014) 013)

—>Z+bb jets, b hadron angular correlations at 7 TeV (JHEP 12 (2013) 039)

8 publications
2 new after DIS2017

1 new prelim. result

B. Bilin




V(ZW) +>=1b p-p Vs=7,8 TeV

5,19.8 fb!
Z+>=1b W + bb
p; >20 GeV, |n|<2.4

76 <M,<106 GeV | 71<M,<111 GeV P, >25 GeV, |n/|<2.1 pr' >30 GeV, |n'|<2.1
py >25 GeV, |/|<2.1 | py>30GeV, |n|<2.4 two b-jets p/ >25 GeV, |/|<2.4 && no other jets with p/ >25 GeV, |/|<4.7
» ,CMS 19.8 fb™" (8 TeV) F T
§ o o Cigises F ErrevL=som | —>SSV (CSV) algorithms to tag
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owa ] jets originating from b.
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. +b @8 TeV

Studies of various variables are carried out
Z+b: pr ’ nb! pT21 HT' A¢(Z,b) ARMax _ ARmin
Z+bb: pr1 ,prZ’ pTZ’Mbb ’Mbe ’prb’ A(P(bb), A(P(bb,Z), AR(bb) Abe = Zb Zb .
—> Sensitive to b-quark PDF and initial-state gluon splitting ARZ™ + ARZ"
- Differences between Flavor Schemes. do(Z+(>1b))/dx
- Sensitive to presence of heavy intermediate T do(Z+ets)/dx
particles
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V(W,Z) +>=1Db

Z+b results at 7 TeV

p-p Vs=7,8 TeV
5,19.8 fb!

Z+b results at 8 TeV

Cross section Measured Cross section Measured
0z+1b (Pb) 3.52+£0.02+0.20 o0z.1p (pb) 3.55 +-0.12 +-0.2
0742 (pPb) 0.36 £0.01 £0.07 0z2 (pb) 0.331+-0.011+0.035
oz+b (pb) 3.88£0.02+0.22 074 (pb)

aZ-}—b/Z-{—j (o/o) 5.15+0.03 +0.25 (TZ-i—b/Z—f—j ((yo) 93 +0.4+-0.7

W(->lv) + 2b cross section at 7 TeV

0.53 +- 0.05 (stat) +-0.09 (syst)+-0.06

(theo.) +- 0.01 (lumi) pb

W(->lv) + 2b cross section at 8 TeV
0.64 +- 0.03 (stat) +-0.10 (syst)+-0.06
(theo.) +- 0.02 (lumi) pb

- All measurements consistent with SM predictions
and among each other

B. Bilin
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p-p Vs=7 TeV
5 fb?

— Study production of b hadrons
associated with Z
- No unfolding
- Corrected for efficiency and
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acceptance
—> Bin to bin migrations

are are accounted for
as a source of
systematic uncertainty
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Events/0.02 GeV

V(W,Z) + C

by >21 GeV, |n/|<2.1, 71<MlI<111 GeV

p; >25 GeV, |n'|<2.1 p# >26 GeV, |n#|<2.4

PDF’s
They provide BG’s for searches

for 13 TeV results)

py >25 GeV, |/|<2.4

- Semileptonic decay of hadron leading to a muon from a

displaced vertex

- Adisplaced SV with 3 tracks consistent with D* decay
- A displaced secondary vertex with two tracks consistent
with D decay and associated to a previous D**(2010) decay

f:MS 19.7 o' (8 TeV) >2000 CMS 19.7 b (8 TeV)

250 D+ DOxt e Data 8 - Semileptonic channel e Data
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201
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(OS-SS) Events / 11 MeV
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3000

2000

1000

CMS Preliminary

V + ¢ measurements provide constraints to strange and charm

Tagging of heavy flavor jets carried out in 3 signatures (only 3™

L=35.71b"at s = 13TeV

[ Wb

Background

- A M[GeV]: 1.863358 + 0.000457
[ o [MeV]: 13.867261: 0.454305

[ integral Data: 16070 + 542

[ Integral MC: 16523 + 635

f— W+c:16434+278

[ Wice:s1:230

[ Wtb:a+25

1.6

DIS 2018

2
D° mass [GeV/c?]

!
21

p-p Vs=7,8,13 TeV
5,19.8,35.7 fb!

W+c: OS- SS method to
substract BG
- BG contributions from

(OS-SS) Events / 1 MeV
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the gluon splitting.

L=357fb"at |s = 13TeV

@
3
S
]
T

0
)

CMS Preliminary

—@— Data
Bl W+c

W+ce

B Wb
Background

REEERERE
02 04 06 08 1 12 14 16 18 2 22 24
'l

L=357fb"at (s =13TeV

—e— Data

. Wi
W+cC

B Wb

Background

A M[ GeV]: 0.145437 + 0.000026
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W +C

- Measured W + c cross section as well as W*+c/W-+b ratio
- inclusively
- differentially wrt lepton n
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p-p Vs=7,13 TeV
5,35.7 fb?!

—13TeV: extrapolation

do(W+D")/dn [pb]

do(W*+D*)/dn [pb]

do(W'+D™)/dn [pb]

to the unmeasured
phase space

= As cross check:
W + D* x-sec is
measured in
fiducial range
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CMsS L=50fb"atVs=7TeV
T T
Total uncertainty ;J:‘ >25GeV, 'l <2.5
Statistical uncertainty p‘T >25GeV, nl <2.1
Predictions: CMS 2011
. 107.7 £ 3.3 (stat) + 6.9 (syst) pb
NLO MCFM + NNLO PDF
= MSTWO08 -
1007433 . pb
e CT10 ——i
1099477 pb
¥ NNPDF23 e
99.4+4.2 e pb
A NNPDF23_, ——
129.9 £ 15.1,,. pb
L L
0 50 100 150
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Total uncertainty

Statistical uncertainty

Predictions:
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¥ NNPDF23
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0.936 + 0.022

T
py' > 25 GeV, | < 2.5

P, > 35 GeV, | < 2.1

CMS 2011
0.938 + 0.019 (stat.) + 0.006 (syst.)

! I

2.4 0.6
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0.8 1 -
o(W*'+T)/c(W+c)

W +C

- Measured W + c cross section as well as W*+c/W-+b ratio
- inclusively
- differentially wrt lepton n

CMS Preliminary
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DIS 2018

p-p Vs=7,13 TeV
5,35.7 fb!

— Comparison of

W+c result to

several sets of

PDFs
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7+ C p-p Vs=8 TeV

: ) 19.8 fbl
- Measured Z + ¢ cross section as well as Z+c/Z+b ratio

— inclusively
—> differentially wrt Z p; and jet p;
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+ei . p-p Vs=7,8,13 TeV
V (W,Z) + c inclusive results ooy

oc(pp = W+c+X) x BIW — uv)(ph > 25GeV) = 107.7 £ 3.3 (stat.) = 6.9 (syst.) pb,

7 TeV

o(pp — W +c+ X) x B(W — £v)(p% > 35GeV) = 84.1 4 2.0 (stat.) & 4.9 (syst.) pb.

clpp > WH4+c+X)
oc(pp > W= +c+X)

(p% > 25GeV) = 0.954 + 0.025 (stat.) & 0.004 (syst.),

c(lpp > W +c+X)
clpp = W~ +c+X)
o(W +¢) = 1026 + 31 (stat) 728 (syst) pb,

oc(Wt +7)

c(W~ +c¢)

(p% > 35GeV) = 0.938 4 0.019 (stat.) + 0.006 (syst.).

13 TeV

= 0.968 & 0.055 (stat) 73032 (syst).

c(pp = Z+c+X)B(Z — ¢74~) = 8.8 £ 0.5(stat) £ 0.6 (syst) pb.

o(pp = Z+c+X)/o(pp — Z+b+X) = 2.0+ 0.2 (stat) = 0.2 (syst).

- All measurements consistent with SM predictions
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SUMMARY

—>The measurements provide a detailed description of V+HF production topological
structure
- Testing the validity of QCD
- Providing confidence in existing MC models for;
- Describing SM
- Determining BG in BSM searches

—>Overall scale good agreement between Data and SM Monte Carlo predictions

- All CMS SMP public results can be found under the following link:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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