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High rate at the LHC
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Provides statistic to study inclusive and differential
distributions

Good understanding of the detectors allow for
precision measurements

Test p-QCD and PDF in different regimes

Developments and testing of new MC generators
and techniques
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Z Differential Cross Section

Differential cross sections of the transverse momentum py, the optimized angular variable
¢®*, n, and the rapidity of lepton pairs are measured
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Drell-Yan Differential Cross Section
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v’ The total cross section measurements are
presented as a function of dilepton invariant

mass in the range 15 to 3000 GeV

v" The measured differential cross sections
are in good agreement with the theoretical

calculations (NNLO QCD + NLO EWK)
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1.2

1 T awr Ay Lo A S B S
0.8
- =~ Data
0.6F
- FEWZ,NNLO CT10
0.4F
. I R R R R S I I R R R S
20 50 100 200 500 1000
m [GeV]

3x10%<x<1.0and 6 x102< Q%< 3 x 10° GeV?

v The shape of the distribution is defined
entirely by the Vs and the Bjorken x
dependencies of the PDFs, since the dependence
on the hard scattering cross section is canceled
out. In the Z peak region, the expected double
ratio is close to 1 by definition



Drell-Yan Differential Cross Section vs Rapidity ‘:3
EPJ C75 (2015) 147, arXiv:1412.1115
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v We observe agreement of the cross section and double ratio measurement with
the CT10 NNLO PDF theoretical prediction within uncertainties.

v' The DY double-differential cross section and double ratio measurements
presented here can be used to impose constraints on the quark and antiquark
PDFs in a wide range of x. 6



Drell-Yan Angular Coefficients and Weak Mixing Angle s,
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Multi-boson production
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Anomalous Triple Gauge Couplings

Standard model predictions: cw = cwww = ¢p = 0 E v,

. . . . . TGC vertex
Non-zero c-coefficients could indicate a new physics! v
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|'_—.|_| EW qqW,qqZ -8.8e+00, 1.6e+01 35.9 fiy”’ 13 TeV
DO Comb. -8.2e+00, 2.0e+01 8.6 1.96 TeV
| 1 1 1 e 1 1 1 | LEP@omb. ,  [-13e+01, §.1e+00], | ogf’ , 020Tev ,

aC summary plots at: http://cern.ch/go/8ghC aTGC Limits @9 5% C L. [TeV'z]
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NLO pQCD Stringent Tests: V + jets, VV+ets

.'
.,_4/"“\!'
EPJ C 80 (2020) 43

" w*

CMS 35.9fb" (13 TeV -x10° CMS 35.9fb" (13 TeV)
I 1 1 - I 1 1
C ¢ Data @ cco 3 3 F ¢ Data @@cco .
- W—uv - - EW Wajots x 30 =)t auark 4 o %00 W - - EW Wajets x 30 =t uark +
C i =1 E - —ev =w
s Bl EW Wijets ) zviets 3 350F R EW Wijets O zviets d d
— 0 weiets [ interference —] q=) F B weets D interference
o [ I A MC stat. unc. - € 300 B &I MC stat. unc.
o ] w E
- E 250 z d
5 = 200F-
- . 150E- d

2 oew (Wii) = 6.23 £ 0.12 (stat) £ 0.61 (syst)

T T | SN A B S AR
o
M N o i :
- P B DR aeeiien sotameid apnaieteion
: : T 0.BE e T TOOt T TeTe B s
50 100 150 ZOQ 250 0 50 100 150 20 ) 250 .
p?ss [GeV] p_r|1_1|ss [GeV] - - | | 359 (13 Tev)
359 fb.1 (13 TeV) o ::i : + Unfolded data + stat. uncertainty :
4‘3 - [ I [ \ 1 °B|Z r 1
q>_, CMS —4+ Data © L L Stat. & syst. uncertainty i
- 103 - a,nﬁ-kT (R=04) Jets Syst = B . % MG5_aMC@NLO+MCFM+Pythias |
C p'>30 GeV, In|<4.7 [ qq > Zz(+ets) 7 ) e "
SRR B g9 2z 7 ol A\ ]
| & I z+xtt i i sy ]
102 = s it - - CMS . —
- : anti-k, (R=0.4) Jets W
— 1 P/ >30 GeV, n|<4.7 |
el ‘{ 1 C | ' 1 | B
e "EJ 1.5F- MG5_aMC@NLO+MCFM+Pythiag.
4 ;3 1:E ' st
Agrees with the 0sE . F=3
. 10 iﬁ_) 1.5E- powheg+MCFM+Pythias. =
leading order R i ——
o E 3
0.5 —
standard model - 1 - —
. 4 0 1 2 3 >4 a
prediction! N PLB 789 (2019) 19-44 N 11

jets



NLO pQCD Stringent Tests: V+ jets

September 2019 CMS Preliminary

E B . 0 7 TeV CMS measurement (L<5.0 fb™) b
Q 104 = | | ' @ 8 TeV CMS measurement (L<19.6 fb™) —=
— F 8 j j j @ 13 TeV CMS measurement (L < 137 fb™) 7
© L j j j — Theory prediction .
403k = _ _ .
c 10 E & " E;_ . HE RN R
S F 4P . NERRRE
- ' : : : : : : :
8 102 E_ e I - m ',l. mﬂ | | ]
o o - FERRRRRRE:
N 10 = " u | F ‘o ' ' -
a 1V 1 = u s
- 5 # . s NN
O 1L @ﬁ | . B
S | B Fu e BEREEE
S10t | ?ﬁ 7 F - o EEREE
© 5 : o : : i
: _ o o : :
09_ 107 = i | F e U ; T E
F : | : | : & ¥ T | '?' e
e T 2 2
o to

rrr- T+ T+ 1+~ +°+r 1+ &+~ 11> 1__& ©" © © 1° ¥ 1T 11T T ©§T 1§11
W2 22 23 24 25 26 27 1c 2b Z21;22]23j24|‘25j26]27jlcz1b22bwz=1j=2]zagz£i=ﬂj=2izsitt o2 5 4 2 B

=0] g =N =8 >4
All results at: hnp:l!cern.ch!golej7 Fiducial W and Z as with W-lv, Z-ll and kinematic selection
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https://cms-results.web.cern.ch/cms-results/public-results/publications/PhysicsResultsTOP/index.html

Single top quark productions
has direct access to V,,

(G =~ thz)

V has been constrained in all
t-channel and Wt-channel

' meas. q
||Gr—r:'hr]n .
‘fLV'VEEJ_ ,' theo. ’W”h‘vtd ’ VL5| < Vrb
t —chan.
b

Assumptions:
* BR(t-Wh)=z1
‘ |V1b| >> |th|:|VIS|

measurements f., = 1 for the SM
ATLAS+CMS Preliminary _\[s . . September 2019
LHCtopWG If, Vol = U’;‘: from single top quark production
o, - NLO+NNLL MSTW2008nnio
" bRO 83 E2011 091503, PRD 82 (2010) 054018, tofal theo
PRD 81 (2010§ 054028
Acy,: scale ® PDF
My, = 172.5 GeV
[f V| £ (meas) £ (theo)
t-channel: .
JAH'I;;IEA\O?TZ%%?OrégmbInatIon 748 TeV"” HH 1.020 +0.040 +0.020
COMS 13 TeV* ‘ —— 1.00 £0.08 4 0.02
arXiv:1812.10514 (35.9f") :
ATLAS 13 TeV* PR 1.07 +0.09 + 0.02
JHEP 04 (2017) 086 (3.2107)
tw:
JAH'Il';IE;A\u?Tz%%?D%gmbInatlon 748 TeV" |_._._._| 1.020 +0.090 +0.040
ATLAS 13 TeV* ‘ _ ;11440244004
JHEP 01(2018)63 (3217
CMS 13 TeV . —t—a—ti 0.94 £ 0.07 £ 0.04
JHEP 10 (2018) 117 (3591
s-channel: H
ATLAS+CMS combination 8 TeV"”  —— i 0.970 +0.150 +0.020
JHEP 05 (2019) 088
all channels:
ATLAS+CMS combination 7+8 Tev" HaH 1.020 +0.040 +0.020

JHEP 05 (2019) 088

, including top-quark mass uncertainty
0y, NLO PDF4LHC11 (NPPS205 (2010) 10, CPC191 (2015) 74)

¥ including beam energy uncertainty
TR N TS S RS

| R

. P PR PR |
0.4 06 0.8 1
Ify Vel

12 14 16 18

t — physics. Vtb Measurements

/

q g

44

f b

W q

/

i q

CMS Preliminary

scale uncertainty
scale ® PDF @ og uncertainty

Dilepton ep
PRL 116 (2016) 052002, L =43pb™ 50 ns

Dilepton
EPJC 79 (2019) 368, Lm =359 25ns

Dilepton t+e/p. *
CMS-PAS TOP-18-005, L, =359, 25ns

L+jets *
CMS-PAS TOP-15-005, L =42 pb™, 50 ns

L+jets
JHEP 09 (2017) 051, Li"l =22f", 25ns

All-jets *
CMS-PAS TOP-16-013, L, =253 ", 25ns

NNLO+NNLL PRL 110 (2013) 252004
"""" My, = 172.5 GeV, us(MZ) =0.118+0.001

o,; summary, Vs=13TeV

b

total stat
O, + (stat) + (syst) + (lumi)

Sept 2019

746 + 58 + 53 + 36 pb

[ 803+ 2+25+20 pb
—p— 781+ 7 62+ 20 pb
— &l 836%27+84+100pb

b4 888+ 2+26+20pb

f——Fe+— 834+25+ 118+ 23 pb

NNPDF3.0 JHEP 04 (2015) 040
| I MMHT14 epJC 75(2015)5

* Preliminary
CT14 PRD 93 (2016) 033006
ABM12 PRD 89 (2015) 054028
[ory(m,) = 0.113]
|||||‘||||||||||||||||||||
200 400 600 800 1000 1200 1400
Oy [Pb]
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BR UL(95% CL) or measurement

—_

SM predictions:

Rare decays: Bs/B° —pupu

Measurements:

Br(Bs —>up ): (3.57£0.30)x10°
Br(B® —>puu ): (1.07+0.10)x1010

TB(S)

— — — — —
o o S =) =3

—
<=

o

[=>]

-

oo

fi=]

=2
3

= 1.509 = 0.004 ps

N'i' fu

Bt §
Nﬂh‘? f’;

fs/fu = 0.256 £0.020

BB} — p p) =

at B(BY). Br(B; — ): (2.9+0.27)x10°
Br(B®—puu ) < 3.6x1010

_ =1.70 +0.61

T+ +u —0.44 P8

H

No significant excess from SM predictions are observed!
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/index.html
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Conclusions

v' CMS shows a excellent performance to detect different signals and produced many
EWK measurements at 7, 8 and 13 TeV

v" Precision measurements of inclusive W and Z and di-boson production cross section
with large statistic

v' Detailed studies of differential cross sections and many observables, like asymmetries
and angular coefficients

v" W and Z production associated to jets, including Z plus b-jets, studied W polarization in
W+jets

v" All measurements are so far in agreement with theoretical predictions from the
Standard model and results of another experiments. No new physic is observed

September 2019 CMS Preliminary
~— e
'8_ s 0 0 7 TeV CMS measurement (L <5.0 fb)
—10°F=: @ oo O 8 TeV CMS measurement (L < 19.6 fb™)
© E: = P 0 13 TeV CMS measurement (L < 137 fb™)
[ onjells): @ ¢ — Theory prediction
- Lo Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV

Cocnjelse)
omo

-
<
- -
TTIT LR TTIT

Production Cross Section
o

—
Q
N

. T S S T S S T S S S T S S S T S S S S S T S S S S S S N S S S T S S T S|
10 L PP e | T Tew Tew Trr o Ew Tew Tow B oW Tl o T T o 1o Tt T T T T T T T BT e T T oo e T o T
w'z 'wy'zy ww'wz'zz e vyt B o Wy zry Wiy, G Ottty H2Q HZ ty Wttt ggH H VH'WH ZH ttH ' tH 'HH 15
EW,Zyy Wryy: fiducial with W—shv, Z—ll, I=e.u Th. Ag, in exp. A

All results at: http://cern.ch/go/pNj7
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EWK Gauge Bosons: Z and W production

High rate at the LHC

E ‘ I' I' 43 pb™' {13 TeV] ‘ I
v’ Provides statistic to study inclusive and differential = [ e W
. . . ©  CMS, 36 pb' (7 TeV) W~
distributions X10'E a cormm =
v' Good understanding of the detectors allow for precision R z -
measurements 10° —
v’ Test p-QCD and PDF in different regimes - PP ]
v' Developments and testing of new MC generators and 107 =
techniques F L e .
0.5 1 2 5 7 10 20
Center-of-mass energy [TeV]
Channel. o x B [pb] (total)
CMS Preliminary 43 pb™' (13 TeV)
ete” 1920 + 20 (stat) £ 60 (syst) £ 90 (lumi) R s e
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Wt whv 11350 £ 60 (stat) £ 320 (syst) + 550 (lumi) 20 i e 0t 1 40y £ 0, PO
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