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HIGHLIGHTS FROM CMS
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» But there has to be more to it! SM does not explain dark matter, neutrino
masses, and the matter-antimatter asymmetry...
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» But there has to be more to it! SM does not explain dark matter, neutrino
masses, and the matter-antimatter asymmetry...

» Studying the SM precisely may give us clues to new particles or interactions
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CMS PUBLICATIONS 4

» 1009 publications submitted as of August 10, 2020

» Celebrated 1000th paper on June 19, 2020
» Many new papers are using the full Run 2 data set (137 tb-1)
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THE CURRENT PHASE OF CMS

» With Run 2 done, entering a new phase
of the lifetime of the CMS experiment

» Will take years (Run 3) to double
current data set
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THE CURRENT PHASE OF CMS ;

» With Run 2 done, entering a new phase
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» Innovate to achieve more from this data:

» Reduce systematic uncertainties to
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THE CURRENT PHASE OF CMS ;

» With Run 2 done, entering a new phase

of the lifetime of the CMS experiment N
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» Will take years (Run 3) to double ---w:----fsf---m-e--? =p

current data set — —

» Innovate to achieve more from this data:

» Reduce systematic uncertainties to
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RECENT HIGHLIGHTS 6

» Many new results for LHCP and ICHEP 2020 CMS | & CPE’DED
covering: detector performance, SM measurements, p
direct searches, Higgs, B-physics, heavy ions

» SM/Higgs searches as probes for new physics o
P YA -
» Observation of VVV* ICHEP 2020 | PRAG

40t INTERNATIONAL CONFERENCE . VIRTUAL 1y y
ON HIGH ENERGY PHYSICS CONFERENCE | a =y

» Search for longitudinally polarized AT
same-sign WW*

» Search for Boosted H(bb)*
» Evidence for H(pp)

» Direct searches for new physics
» Vector-like BB*
» Long-lived particles to displaced jets

*Fermilab and LPC-led efforts



FERMILAB LHC PHYSICS CENTER 7

» Established CMS center of excellence
» More than 500 users and 150 residents

» 900 CMS collaborators use the LPC
computing cluster for data

processing and analysis

» ~800 participants in LPC-organized
workshop and events, fostering
interactions with theorists and non-

CMS members

Distinguished Researchers
Virtual Office Hours




OM SEARCHES AS PROBES OF NEW PHYSICS CMS-SMP-19:014 8

» VVV tinal state sensitive to many different EW interactions



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/

OM SEARCHES AS PROBES OF NEW PHYSICS CMS-SMP-19:014 8

» VVV tinal state sensitive to many different EW interactions

» May be sensitive to a new particle that couples to Vs or modified SM couplings



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/

VVV PRODUCTION AND DECAY CMS.SMP-19-014 9

» Focus on cleanest channels:
fully leptonic (or same-sign)
final states


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/

VVV PRODUCTION AND DECAY

CMS-SMP-192-014 9

» Focus on cleanest channels:
fully leptonic (or same-sign)
final states

» Combination of 2-6 lepton
channels

» 4 lepton channel has best
sensitivity

» Optimize BDTs for event
selection

Example: WWZ — 4 leptons

/

<,

—

2 same-flavor opposite-
sign leptons (27) from Z

W $< 2 more leptons from Ws

Missing energy from
neutrinos

No jets


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/

VVV PRODUCTION AND DECAY CMSSMP19.014 9

= | h s Example: WWZ — 4 |eptons
» FOCUS ON cleanest channels: 7 < 2 same-flavor opposite-

fully leptonic (or same-sign)

sign leptons (27) from Z

final states - 2 more leptons from Ws
W<
L / @ Missing energy from
» Combination of 2-6 lepton neutrinos
channels VV:<::::
No jets

» 4 lepton channel has best
sensitivity

» Optimize BDTs for event
Important background:

selection 4 real leptons from ZZ
. Reduce with 27 off Z-
» Data-driven background veak and require
estimates from carefully 2¢+e|

chosen control regions 2¢ep channel


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/

CMS experiment at the LHC, CERN (@R
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VVV RESULTS

CMS

137 b (13 TeV)
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CMS-SMP-19-014 11

» All channels

together

» Best fit signal

strengths for each
process (WWW,

WWZ,WZ2Z,227)
shown


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/

VVV OBSERVATION CMS-SMP-19-014 12

-1
SlgnlflcanCe[G] CM|S | 137 tb (1 3 TeV)
observed (expected) | | e BDT total stat
Combined | —— ¢ Sequential-cut 1.02 Tg.gg Tg.zzg
WWW 3.3 (3.1) e 2 -0
WWZ 3.3 (4.1) WWW e 115 540 030
i i 0.86 -I-_O.35 -I:O.32
WZZ 1.7 (0.7) WWZ ! l‘| 0.31 -0.29
wzz | e — P YIRS R0
777 0.0 (0.9) : :
/7 | | Allowed <5.4 |
combined 5.7 (5.9) T
0 1 2 3 4 5 6

S Signal strength
» Observed VVV for the first time 'gnal strength u

» Evidence for WWW and WW/Z

» Measured VVV signal strength: u = 1.()1+O'21(stat.)+0°15

—~0.20 “o12(syst.)
» Next step: add more final states and study high s regime for signs
of new physics


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014/
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13

» High-pt Higgs processes are a probe of
potential BSM particles in the loop

» Appear as new ggH interactions
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13

» High-pt Higgs processes are a probe of
potential BSM particles in the loop

leptons

v

» Appear as new ggH interactions

photon
Higgs boson

weak bosons

9 Bo0000 g
\ H H
Yy 1 T
If the new particle is
g m/ q too heavy to be

produced, this looks
like a new interaction!



BOOSTING THE HIGGS

» At high momentum, the bottom quarks are
boosted into a single large-radius jet

» Identify high-pt Higgs
candidate jet identified
with deep learning




BOOSTING THE HIGGS

» At high momentum, the bottom quarks are
boosted into a single large-radius jet . . b

» Smaller (relative) QCD background

» Identify high-pt Higgs
candidate jet identified
with deep learning




DEEP DOUBLE-B TAGGER DP-2018/033 15

» Process track and SV inputs as ordered lists
» Combine in final layer with expert inputs

» Performance gain over previous algorithm

track
Inputs

secondary
Vertex

Inputs

expert
INpuUts



https://twiki.cern.ch/twiki/bin/view/CMSPublic/BTV13TeVDDBDDC
https://twiki.cern.ch/twiki/bin/view/CMSPublic/BTV13TeVDDBDDC

DEEP DOUBLE-B TAGGER

DP-2018/033 15

» Process track and SV inputs as ordered lists
» Combine in final layer with expert inputs

» Performance gain over previous algorithm

,tracf ©8 3 f éagyer% (60, 32) ( 5?5!; l/tfs (50)

inouts +32 units, _ .

INPUILS dropout = 0.1) dropout = 0.1)

seconaary

secor; dary ., i C;‘ZO/Z;;D (5. 52) GRU | (=0
Verlex 32+32 units, ot )
INPULs dropout = 0.1) PP
expert (27)

ConviD

INpuUts

Fully
connected

(1 layer,
100 units,
dropout = 0.1)
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DEEP DOUBLE-B TAGGER

DP-2018/033 15

» Process track and SV inputs as ordered lists
» Combine in final layer with expert inputs

» Performance gain over previous algorithm

track

Inputs

secondary

(5, 2)

vertex
Inputs

expert

(27)

>

ConviD

(2 layers,
32+32 units,
dropout = 0.1)

ConviD

(2 layers,
32+32 units,
dropout = 0.1)

(60, 32)
—

(5, 32)

GRU
(50 units,
dropout = 0.1)

GRU
(50 units,
dropout = 0.1)

(50)

(50)

INpuUts

Fully
connected

(1 layer,
100 units,
dropout = 0.1)
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CMS Experiment at the LHC, CERN
Data recorded: 2017-Oct-20 03:55:39.135168 GMT CMS-PHO-EVENTS-2020-012 16

Run / Event / LS: 305313 / 624767783 / 361
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https://cds.cern.ch/record/2714889
https://cds.cern.ch/record/2714889

BOOSTED H(BB) RESULTS

CMS-HIG-19-003

17
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/
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137 b (13 TeV)

> 25000 AL LA B IELENLR B | |
o CMS W
450<p_<1200Gev v Z
I’IZ 1 001 +O.24_O 20 l: 20000 Deep dcT>ubIe-b tagger - -1t
. L Passing region -
c == Total background
g) I g(bb), pLH=3.7
L 15000 + Dee

MH 3.7+16 4 5

10000

E o H 5000
*P 0.70

Signif- | v . N DA i
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--- Multijet ]
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:
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2 4

ObSo H ég 2ﬂ
° .f 2.50 cD*Eb _g:::»-g

signif. 2
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» Modest (1.80) excess over SM expectation


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/

TRENDS IN HIGGS Py CMS-HIG-19-003 18

137 b (13 TeV)

1800, 1200] GeV| CMS

w = 9.1 Preliminary

(675, 800] GeV

+3.4
MH = 8'7—3.1

» Fits performed in 600, 675] GeV

+3.0

categories of pr 1, =837
[550, 600] GeV

+2.7
= 3.7 ¢

[500, 550] GeV
W, = —3.6,4

[450, 500] GeV
= 0.5,

10 5 0 5 10 15


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/

TRENDS IN HIGGS Py

CMS-HIG-19-003

18

» Fits performed in
categories of pt

» Can look for trends as a
function of Higgs pr

1800, 1200] GeV| CMS

w = 9.1 Preliminary

(675, 800] GeV

+3.4
MH = 8'7—3.1

(600, 675] GeV

+3.0
= 8.3,

(550, 600] GeV

+2.7
= 3.7 ¢

[500, 550] GeV

[450, 500] GeV
= 0.5,

10 5. __

137 b (13 TeV)

AR



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/

TRENDS IN HIGGS Py CMS-HIG-19-003 18

137 fb~! (13 TeV)

— Data
CwE == LHCHXSWG approx. NNLO
HJ-MINLO

» Fits performed in
categories of pr

» Can look for trends as a
function of Higgs pr

Ratio to
HJ-MINLO

400 600 300 1000 1200
Pt (GeV)

» Unfolded measurement in Simplified Template XS bins


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-003/

HIGGS 2ND GEN. COUPLINGS CMS-PAS-HIG-19-006 19

» LHC Run 2 measured 3rd gen. Higgs couplings

35.9 fb' (13 TeV)
crrh ' L

» tau lepton [PLB 779 (2018) 283] =L oms g
» top quark ELLT; 10'1:
[PRL 120 (2018) 231801] £l

------- SM Higgs boson
— (M, ¢) fit

» bottom quark [PRL 121 (2018) 121801]

| ! L ! Lol ! Lol !
107" 1 10 102
Particle mass [GeV]


http://doi.org/10.1007/JHEP11(2017)047
http://doi.org/10.1103/PhysRevLett.120.231801
http://doi.org/10.1103/PhysRevLett.121.121801
https://doi.org/10.1007/JHEP03(2020)131
http://doi.org/10.1103/PhysRevLett.122.021801
https://arxiv.org/abs/2007.07830
http://doi.org/10.1007/JHEP11(2017)047
http://doi.org/10.1103/PhysRevLett.120.231801
http://doi.org/10.1103/PhysRevLett.121.121801
https://doi.org/10.1007/JHEP03(2020)131
http://doi.org/10.1103/PhysRevLett.122.021801
https://arxiv.org/abs/2007.07830
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-006/index.html
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» LHC Run 2 measured 3rd gen. Higgs couplings

35.9 b (13 TeV)

» tau lepton [PLB 779 (2018) 283] "2 toms R
» top quark mi 10° |

[PRL 120 (2018) 231801] ;1w |
» bottom quark [PRL 121 (2018) 121801] . =§\2"O'*)'ﬁf’3b°s°” 5

» Next challenge: 2nd gen.
» charm quark: p <70 (37 exp.) @ 95% CL

i’l
[JHEP 03 (2020) 131] O -
» muons (before ICHEP 2020) Particle mass1[0(23eV]
» CMS: u<2.9@95% CL[PRL122(2012)021801]
> ATLAS: p<2.2@95% CL[arXiv:2007.07830]
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137 o' (13 TeV)

ﬂ E I | I I I | I I I | I I I | I | I | E

§1o7g— CMS Preliminary ¢ Data W -

. 1Ll 60 B zjji-EW | |DY N

-1 10" VBF-SR Run2 -

» Run 2 analysis (137 fb-1) e[, = 12538 Gev I\T/;r;auark .Dit:l)son _E
» Targeting ggH, VBF, VH, and ttH prod. "

» VBF has best sensitivity due to
background suppression from fwd. jets

» Combined with Run 1 data @ 7 and 8 TeV

significance: 3.00 (2.50 exp.)

signal strength: y = 1.19J_r8:‘3%(stat.)f8:g(syst.)

VBF DNN bin
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CMS Experiment at the LHC, CERN
Data recorded: 2016-Jul-07 12:00:20.388864 GMT
Run / Event/ LS: 276495 / 223808853 / 188
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» TDRs for the MIP timing detector and L1 trigger recently approved

» New phase of engineering, prototyping, and construction

» COVID-19 has generated delays up to 3 months, still absorbable in the
present contingencies

CERN Cunymm O tastins Ax B S S \asmmmasmns wes
ot

cm v = o0t
0 -

Technical proposal CERN-LHCC-2015-010 https://cds.cern.ch/record/2020886
Scope Document CERN-LHCC-2015-019 https://cds.cern.ch/record/2055167

Pyt i 2R

L1-Trigger/HLT/DAQ Barrel Calorimeters Tl o | e | vt ISR W
https://cds.cern.ch/record/2283192 https://cds.cern.ch/record/2283187 TECHICAL DESIGH REpORT Technical Design Report Ll - Technies pesten fepor
https://cds.cern.ch/record/2283193 e ECAL crystal granularity readout at 40 MHz with precise
* Tracks in L1-Trigger at 40 MHz :mlrg fzr e/ v:t 30 Cli;evk End board o o
+ PFlow-like selection 750 kHz output : CAL and HCAL new Back-End boards e Peak luminosity =—Integrated luminosity
* HLT output 7.5 kHz y Muon systems
0 https://cds.cern.ch/record/2283189 270 L O O 1 O 0 A
* DT & CSC new FE/BE readout 5 R BEER IBED ORER VA
* RPC back-end electronics _, BOB3A o et R e i 3000 T
* New GEM/RPC1.6<n<2.4 :«n . | I | o 1 A . I -~
. Y 5.0E+34 - - 2500 =
Calorimeter Endcap ° Extended coverage ton =3 5 : 3
https://cds.cern.ch/record/2293646 Z 408341 2000 g
* 3D showers and precise timing 2 somsan F co0 %
* Si, Scint+SiPM in Pb/W-SS . . £ : &
!, Scint+ol in Pb/ Beam Radiation Instr. and Luminosity, 3 i =
2.0E+34 - - 1000 @
and Common Systems and Infrastructure : =
e https://cds.cern.ch/record/002706512 1.0E+34 | - 500
Tracker https://cds.cern.ch/record/2272264 A\ AL D e :
« Si-Strip and Pixels increased granularity MIP Timing Detector 00800 °
* Design for tracking in L1-Trigger https://cds.cern.ch/record/2296612
* Extended coverage ton = 3.8 Precision timing with:

* Barrel layer: Crystals + SiPMs a rewa rd I ng ta rget

* Endcap layer: Low Gain Avalanche Diodes
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» CMS has contributed many
innovations to the field


http://fastmachinelearning.org/
https://github.com/hls-fpga-machine-learning/hls4ml
http://fastmachinelearning.org/
https://github.com/hls-fpga-machine-learning/hls4ml
https://arxiv.org/abs/1804.06913
https://cds.cern.ch/record/2714892
https://arxiv.org/abs/1804.06913
https://cds.cern.ch/record/2714892

INNOVATIONS FROM CMS

arXiv:1804.06213

CMS-TDR-021
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» CMS has contributed many
innovations to the field

» Fast ML project including real-
time, on-detector, and low-
latency ML (hls4ml) as well as
high-throughput heterogeneous
computing for big data

Model Training

Resource Tuning

TensorFlow \ (( y ))

Model Design Model Compression ( >

@%@ — hls 4 ml —»
\_/

:FN:

1 FPGAs I


http://fastmachinelearning.org/
https://github.com/hls-fpga-machine-learning/hls4ml
http://fastmachinelearning.org/
https://github.com/hls-fpga-machine-learning/hls4ml
https://arxiv.org/abs/1804.06913
https://cds.cern.ch/record/2714892
https://arxiv.org/abs/1804.06913
https://cds.cern.ch/record/2714892
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» CMS has contributed many
innovations to the field

» Fast ML project including real-
time, on-detector, and low-
latency ML (his4ml) as well as
high-throughput heterogeneous

computing for big data

» Tracking and particle-flow reco.
@ L1 Trigger

Model Training

O PyTorch
Resource Tuning

1F Keras ( ? )

TensorFlow

(

Model Design Model Compression >

@ @,@—»hluml—»

FINDER

Latency

BMTF

Global Muon Trigger
(GMT)

5 us -
i i Global Track =

Global Calorimeter Trigger
(GCT) Trigger CORRELATOR
(GTT) TRIGGER
(CT)

Global Trigger (GT)



http://fastmachinelearning.org/
https://github.com/hls-fpga-machine-learning/hls4ml
http://fastmachinelearning.org/
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https://arxiv.org/abs/1804.06913
https://cds.cern.ch/record/2714892
https://arxiv.org/abs/1804.06913
https://cds.cern.ch/record/2714892

arXiv:1804.06213
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Model Training

» CMS has contributed many ¢ PyTorch

Resource Tuning

innovations to the field

» Fast ML project including real- ( \
time, On'deteCtOr, and low- Model Design Model Compression >
latency ML (hls4ml) as well as — hls 4 m| —
high-throughput heterogeneous

computing for big data

Latency

» Tracking and particle-flow reco.
@ L1 Trigger

FINDER

Global Muon Trigger
(GMT)

° ° ° ° --599-’ ------------------- --------
» Precision timing detectors T (w—-
= .
» Data scouting or “trigger-level L" W

Global Trigger (GT)

analysis”


http://fastmachinelearning.org/
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http://fastmachinelearning.org/
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https://arxiv.org/abs/1804.06913
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» Excellent recent results with a very large scope
» Many years and luminosity in front of us (5% of the total delivered so far)
» Active in several different areas

» Analysis, development of new reconstruction/computing/ML techniques,
preparation for the upcoming Run 3, HL-LHC upgrade

» Great time to be part of an LHC collaboration, exposed to all of the different

activities of an experimental physicist
'l i j ’ : ‘—— W 2019 CMS Summier Party S
- - =— | B . A ¥
s |

W \’?\, N
. . :


http://cms-results.web.cern.ch/cms-results/public-results/publications/
http://cms-results.web.cern.ch/cms-results/public-results/publications/
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VVV PRODUCTION AND DECAY

Focus on cleanest channels:
fully leptonic (or same-sign)
final states

Combination of 2-6 lepton
channels

» 4 lepton channel has best
sensitivity

Optimize BDTs for event

selection

Data-driven background
estimates from carefully
chosen control regions

VVV Cross section [pb]

0.60

0.45

0.30

0.15

0.00

~0.51 pb

WWW

WWZ

WZzZZ7

L7
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Focus on cleanest channels:
fully leptonic (or same-sign)

final states

0.60
Combination of 2-6 lepton 8 _o P 2dkevs
channels é 0.45
» 4 lepton channel has best § e 500 eV

Sensitivity § 030 WWW WWZ WzzZ ZzZ
Optimize BDTs for event § 015
o€ I eCtiO " /keventsw/ ~0.04 pb
137 b 0.00 q

Data-driven background WWW  WWZ WzZz 777

estimates from carefully
chosen control regions



COMPACT MUON SOLENQID 28

» Specialized components to measure different particles » 100 million channels

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length - 28.7 m Microstrips (80x180 um) ~200m?* ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating Pb(WO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels



VVV: ANALYSIS STRATEGY

Tag different VVV processes by counting number of leptons (common veto ID)

; ; 1 5 s » Use BDTs for optimal
\ \ \

SS (same-sign) 3 leptons 4 leptons Sens ItIVIty In event
el a2 \ \ selection
/ N # of SFOS (same flavor, y leptons flavors

SS1J SS2J

opposite sign) pair ‘

i-80| <15 IMji - 80| = 15

MjjOut - 1

Mjjin - 11

Q

Q

1
ﬁ
F
9p)
7p)

cut-based cut-based cut-based \/
& BDT & BDT & BDT  cut-based only



EXECUTIVE SUMMARY
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I:I other SM
[ ] H(bb)

» High-pt Higgs candidate jet identified with daN
» jet substructure
» double-b tagging Pom

125 GeV

» jet mass

» Backgrounds: W/Z+jets (5%)

QCD (920%)
tt+jets (2%)




MAJOR IMPROVEMENTS IN FULL RUN 2 ANALYSIS

» Improved deep double-b tagger

DDB Fail 0014 DDB Pass
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MAJOR IMPROVEMENTS IN FULL RUN 2 ANALYSIS

» Improved deep double-b tagger
» Factorized background prediction
» Updated Higgs pr prediction

» Unfolded differential Higgs pt measurement

0.012
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POLARIZED WW PAIRS

Motivation

CMS-PAS-SMP-20-006 32

» production of longitudinally polarized gauge bosons via vector boson scattering

Events / bin

is tightly linked to the mechanism of EW symmetry breaking
» modifications of the production cross sections are expected in BSM models,
e.g., in scenarios involving additional Higgs bosons
* the precise measurement of the cross section is a long-term goal of the LHC
program
First measurement of production cross section of
polarised W*W# pairs in pp collisions :
simultaneous measurement of W W &W:Wy, or W Wy &W:W; production |
» EW production with at least one W , —
) Process o B (fb) Theoretical prediction (fb)
measur.ed. with 2.30 (3.1 O-) obs (exp) . wlszl:,t 032f82(2) 0.44 + 0.05
» Upper limits (95% CL) for W W, production WyWi  3.06%05 3.13 £ 0.35
Wiws  1.20%0 1.63 + 0.18
at 1.17fb (0.88fb) obs (exp) wi{twg — iggg ot £ 01

fiducial cross sections
in the WW frame

Data/SM

137 b (13 TeV
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CMS Preliminary 137 b (13 TeV)
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6 | — Expected bkg. only stat+syst
_ Expected signal+bkg.
| = Observed
4f.  9%CL S S
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LH scan of the W, W/,
Cross section


http://cds.cern.ch/record/2724972
http://cds.cern.ch/record/2724972

