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>5300 Members

241 Institutes

(including 1881 PhD Physicists (18% %)
23 Associated and 1031 PhD Students (23% %) * S
8 Cooperating) 971 Undergraduate Students (26% %)
from 1024 Engineers (12% %)
54 Countries o ),

MS: Italy (12%), Germany (8%), UK (3%), France (3%), Switzerland (3%), Spain (3%), Belgium (3%) ... le / )
AS: India (3%), Turkey (2%) ...
OS: Russia (5%), Korea (3%), China (2%), ... te




[S2 Activities

| Work on HCAL Barrel (SiPM readout) completed in Oct. 2019
LS2 = Long Shutdown 2 since 2019

Collisions to return mid 2022

Strip tracker Muon critical path completed in Dec. 2020
* kept cold to avoid reverse
———___  annealing
HCAL e currently warm during beam Beam-pipe installation and bake-out completed N May 2021
e completion of Phase-I pipe bake-out
upgrades - \N Remaining activities:
L fi;(eellglc:e:?‘icr’i,:';oarrel e e pixel detector installation (starting June 22)
Magnet o replace all DCDC cor{verters ¢ yvoke closing (starting July 19)
* at room temperature since mid 2020 P . y 9 9 y
o mhaiptenance worklz. free wheel /L //U/f//\ ® magnet restart (3.8T) and tests
thyristor, cryo-cooling, power, : ,
oumps, et /\ Beam pipe e comics runs at ~4T (CRAFT, 24/7)
N ® new version Phase-l
| desi .
A T Sy > e After Pilot Beam Test
. i‘r‘]:;|‘¢|'gficenmofGE1 /1 Crppe ¢ Phase-Il muon demonstrators

chambers
e upgrade of CSC FEE to
sustain HL-LHC trigger rates

* shielding against neutron v
background 0 BRIL |
g | [ U

.. : : e BCM/PLT refit
Civil engineering at P5 o new T2 tracker
e prepare for Phase-ll ,
i} assembly and logistics

e upgrade of RP and e new forward shielding

moving system

- &
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Some Highlights of LS2

| GEM team at work New CMS beam pipe for Phase-ll

New GEM detector GE1/1 | - TSI 4 K
. ST e L * installation complete, fully aligned and leak tested
e first Phase-Il detector to be ok et eted
* bake-out just complete

integrated in CMS!

"] NP it Vi S
A crucial CMS LS2 milestone
biggest upgrade to the experiment's beam

Fully-refurbished pixel detector

e new BPIX layer 1: new chip with lower
thresholds and better radiation tolerance

e replacement of DCDC converters

SASSUAS NN N 10N 9N\ 8\ 7\ 6\5\4\3\ 2|1

lx‘”l_]’m;‘\n‘ —————— ~16
>ofHD
210H ny
2oL ST ~0
. THH HCAL HB
New HCAL SiPM readout i .
. . . 5;,~~~: ::::::: HE ISS14 I3 NI 1IN 10N 9N 8\ 7\ 6\ 5\ 43 211 .
* improved longitudinal il s - CMS fully on track for the Pilot

Beam Test (Oct. 21) and for the
start of Run-3 (Feb. 22)

segmentation
* improved photon
detection efficiency
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Phys. Briefing

On Nowv. 24, 2020
CMS announced the
publication of its
1000th paper in a
peer-reviewed journal
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Detector

3%
Heavy lon
10 %

————

B Phys.
6 %

Top Phys.

11 %

JINST
S7

PRD
123

PRL
125

EPJC
148

PRC (17), other (4)

Exotica

18 %
Beyond-2d-Gen

6 %

SUSY
12 %

Higgs
14 %

Standard Model
14 %
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JHEP
355

As of June 7, 2021

1068 CMS papers
® 1037 published

1043 papers based on collision data
® 1012 published

e 574 based on Run-1 data

e 469 based on Run-2 data

PLB
239 )
CMS with friends ??257t’l’tslzzrch for”
e ATLAS: 5 (4 JHEP, 1 PRL) . .,
e LHCb: 1 (Nature) o 39 “"Observation
' e 18 “"Evidence”
oT : 3 (1 JHEP, 2 EP
otem: 3 (1 J ' ) e 308 "Measurement”
1 50 Run-1 LS1 Run-2 LS2
Number of submitted papers per year
]
100
L]
.
50 R
]
5 — —
O. SO. SO. SO. SO. S0. SO. SO. SU. S». Sp. SV
0 Ty o N T e Tl T T 7o So s
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https://cms.cern/news/cms-collaboration-publishes-its-1000th-paper

CMS pp Data at LHC Run-2

Excellent performance of the LHC in Run-2
CMS Integrated Luminosity, pp, Vs=7, 8, 13 TeV

* max LHC luminosity (2018):

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

200 ! ! 1 | ! ! ! 200 — — —
= EEE LHC Delivered: 192.29 fb L max = 2.14 x 1034 cm=2s~1
. -1 2018 . .
ii - CMS Recorded: 177.651 (factor of 2 higher than designed 1034 cm-25-1)
L~ 150 1150
- Vs =13 TeV CMS Dataset Run-2
£ 163.6 fb-1 _ : 1 z o
3| Js=7,8Tev 2017 | e 2016-2018: 137 tb-" of pp data “good for physics
3 e data-taking efficiency > 92% (2018: 94%)
)
© . . .
5 * number of pp interactions per beam crossing (PU): <pu> = 34
Q
"_E S0r 139 CMS Average Pileup (pp, Vs=13 TeV)
© 6000 : . 6000
® ~ BB Run Il <y> = 34
= 1 | , | | o S BN 2018: <u> = 37
= 5000 (= 15000
‘.\:\' ‘o\fL \\‘3 ‘\‘D: \\f) \‘\‘6 \o\f‘ \o\‘ﬁ d ] 2017: <;> = 38
\a(\ \0(\ \0(\ \O“ \6“ \0“ \0“ \0“ CMS Preliminary (13 TeV, 2018, 2.0x10* cm 2s71) :; 1 2016: <u> = 27
Date L 283§r;£ics i 4000 I 2015: <u> = 13 14000
223 Hz x
CMS Triggers for Run-2 (1.6 kHz) 1y | 1% s é 3000 3000
. . 138?4\; 1 = al? eV) = m
e Standard triggers (leptons, jets, MET) = = 2000 HABTEV) =800 mb |04
Q
e B-parking triggers (up to 5 kHz) s s § Jo0o 11000
. Q
10B events enriched in un-biased B decays £ }

oo
%
ol
DN
(Po

. . 96 Hz o®
o SCO Ut| ng tr'ggers Mean number of interactions per crossing >
reduced events with physics objects CMS-LUM-17-003
Submitted to EPJC

Luminosity measurements: 1.2% in 2016, overall 1.6% for Run-2
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https://cms-results.web.cern.ch/cms-results/public-results/publications/LUM-17-003
https://cms.cern/news/illuminating-counting-lhc-collisions-cms

SM Production Cross Sections
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All results at: http://cern.ch/go/pN;j7
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W  Z Wy Zy

ETrifpleé Boisori

m 7 TeV CMS measurement (

CMS Preliminar

5.0 fb)

L <
@ 8 TeV CMS measurement (L < 19.6 fb™)
m 13 TeV CMS measurement (L < 137 fb™)

Theory prediction

4 Z % CMS 95%CL limits at 7, 8 and 13 TeV

EWKW, Z
. ¢ and ;o
- Vector Boson:
Scattering :

Ew 'ew W= lew 'ew Ew Ew 'Ew
WWZ ZZ vw wwwwwz wzz zzz WVy Zyy Wyy qaW qqZ WW qaWy sSWW qaZy qaWZ GazZ tt ot tWt

W
. g

=
nj

"f
:

EW,Zyy,Wyy: fiducial with W—slv, Z—II, I=e,u

CMS

. Top Quark :

Highlights

Th. Ao, in exp. Ao

Higgs Boson

oty tZQ HZ ty HW tttt gqucIIB VHWH ZH ttH tH HH

nb

fb

Physics highlights in this talk

e [Angular anlysis of B, = J/y ¢]

e W helicity and charge asymmetry
® | epton universality in W decays

e Polarisation in WZ production

* Vector boson scattering

® [Triboson production]

-Higgs mass measurements

H — vy, 42, [TT,] and STXS
Higgs differential cross sections]
Evidence for H = pp

e Search for di-Higgs production

* Top-quark mass measurements
® Running of the top-quark mass

e Heavy quarks in HI collisions
o [Jet structure in HI collisions]

e Search for heavy resonances
* [Long-lived particles]

[see backup slides]

/



W Helicity Measurements

Run-2 2016, 35.9 fb-1
Double-differential cross-sections in prt and n (£ = e, p) for W+ and W-

-1 -1
p CMS 35.9fb" (13 TeV) CMS 35.9fb" (13 TeV)
» X106 CMS 35'9 fb (1 3 Tev) 0.251 T T I I I | T T I | I I T T | I I I T , I I I I l 0.251 T T I I | I I T I I I I T T I T I I I I I I | I 1
e osfp T T 1
5 ' {pata  [Jwy @lw; [Ow; [Worel-van Blaco PBw-w  tquak  [Jpiboson ! - —— W, (fit) [ ] W, (MC@NLO) — W, (MC@NLO") ] T —— W, (fit) [ ] W, (MC@NLO) — W, (MC@NLO") 1
I 1 1 I 1 1 1 I I 1 I I I 1 I 1 1 1 1 - : . *\ M e . L *
025 Flo627) 1 [27,28] ' [28,26] ' [20.30] ! [30,31] ! [31,32] ! [32:33] ! [38.34] ' [34:35] | [35.36] ! [36,37] ! [37,38] ! [38.39] ! [39.40] | [40.41] ! [41.42] | [4243] | [43.44] | [44,45] 0.20F == Wa (fit) LW (MC@NLO) — Wq (MC@NLO") 0.20F = W (fit) L] Wy (MC@NLO) — Wy, (MC@NLO?)
0o EGEV | GeV [ GeV | GeV | GeV | GeV | GeV , GeV  GeV | GeV | GeV | GeV  GeV  GeV , GeV  GeV  GeV | GeV | GeV . - 1 = - .
: : : : : : : e o ! ! St : : : : : : ° o015k ] 2 01— S p—
0.15 1 1 I 1 I 1 I I J 1 I 1 I I 1 _; - - _; -
! : : \ \ ' : : : > : 3 > [
01§ ' : 2 o.10f —= —+ 2 o0.10f
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Loas T T - . . T T_] o : : o} . . ] :
5 F ' {pata [llw, Ow, [Jw, [@orel-van Blaco Bw-w  [Btquark  [JDiboson ! £ 09 - - £ 09 :
1T} C 1 1 | 1 | 1 | | | | " | | | | I | | ] © 08 L v b b b by [ © 08 Lo by v by o b by |
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N 1 1 I 1 I 1 I s I 1 1 I I 1 I } I I 1 -1
01k E E E E : : ! ' ' ; ; ' : ! : E E E CMS 35.9fb" (13 TeV)
- 1 1 0.45% LI T I T T T T I 1T T 71 I T T T I T T T T i
0.05

0.40F —— W, (fit) [_]W,_(MC@NLO) — W, (MC@NLO") -
0.35F — Wg (fit) [_| W (MC@NLO) — Wg (MC@NLO") -

g 103 £ 0300 L

S 1.00 e E .

g% £ 025 : :

S0 100 200 300 400 500 600 700 800 900 g 020 W —lv |14 *®constraints on PDFs

: Unrolled ,p.) bi S 0.15EF L— - .
(19x48 bins) rroled muon (1,) o1 g o040f — | e milestone towards
prH = 26 GeV > 45 GeV © 0.05; B E
nel-2.4,2.4] 0000 T+ E the W mass

_0_05i..1.|....|.1..||...|....i
7 neasurement

CMS-SMP-18-012 0.05} | | . ol
0.00[—+—+H—+—H—+H—H—H %I T

o b Template fit to extract differential cross-sections oon

and charge asymmetries for the two helicity states B . o
V!
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-012

Using tt events in the dilepton channel, select relatively unbiased samples of on-shell W bosons

Trailing lepton pr used to discriminate between

prompt W — e/p decays from W = T = e/

decays in ee, pyy, and ey events

CMS Preliminary 359fb ' (13TeV)
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N\ \ N
N\ AN AN ——
N N N\
\ ) \\ \\
\\ \\ \\ \
\\\ \\\\\\ \\\ -—
\\\ \\\ \\
1.10- AR
N\ N\ \
\ \ \
AN \\ \\
\\ \\ N \,
\ N\ N\ AN
N0 N\ N\
\\\\\\\\\\\\\/'
N\ N\
1.051 N0 N\ \
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2= ALY
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@ | OO
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T X X X X X X NN X X X X X X X
H X X \\\ X \ \\\\\\\\\\\\\\\
» X Y X X X
NN \ NN\
\\\\\\ NN N\
\\\\\\ \ \ N\ \. \ \ \\ \ \ \ \ \ \ \
\\\\\ . X 2= N\ A
\\ <\ + CMS
. \\ \\ \\
NN
0.95 O\ LEP
N\ \\ N N\
CMS x  SM
ATLAS
AN CMS (1D)
N\ \\\ \\\
0.99 : SN ' :
.90 0.95 .00 1.05 1.10 1.15
B(W — 1v)
BW —ev)

result consistent with SM and with recent
ATLAS (most-precise) T/p result

- June 7, 2021

Branching fractions W = e, u, T

35.9fb ' (13TeV)
® CMS

CMS Preliminary

Nl CMS LU (68%/95% CL)
W B * LEP
— eUe .1 (10.83 £0.10)% -— LEP LU
w/ LU

Br(W —£) = (10.89 + 0.08)%
Br(W — h) = (67.32  0.23)%

e

W — /’”/,u { (10.94 £ 0.08)% -.-

cms |
\]\' — TI/T 1 (10.77£0.21)% —o—

0.100 0.105 0.110 0.115  0.120 0.125 0.130
Br(W — {v)

CMS LU result is consistent with and
improves on LEP/ADLO result

CMS Highlights

Test of t/u and t/e Universality in W Decays

Run-2 2016, 35.9 fb-1

CMS-PAS-SMP-18-011

A long-standing LEP
“tension” (>2.50) is
gone


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-011

Diboson Production

Precision studies of diboson production

CMS preliminary 137.2 b (13 TeV)

* abundant samples, well-controlled
backgrounds

¢ 3-10% level measurements

at \/s =

—_
o
)

Opplipp—-wwiwzizz (pPb)

10°

7,8 and 13 TeV
® 3 new measurement at /s =

5.02 TeV

CMS-PAS-SMP-20-012

CMS Prellm/nary

pp NNLO QCD x NLO EW (MATRIX)
- == pp NNLO QCD x NLO EW (MATRIX)
- == pp NLO (MCFM)

'-(}'

L
CMS
WW measurements ATLAS |
_?_ WZ measurements CDF
A ZZ measurements a DO
wwo

{ - 6@ ,@
f W I
{i %« +
T ZZ T

40

%
b o

m—t*
e

®

8 1|0 12 12-
Vs (TeV)

Luminosity uncertainty:

1.9% at /s = 5.02 TeV (302 pb-1)

June 7, 2021

CMS Preliminary 137.2fb" (13 TeV)
C _I l|||||||||||||||||||||||||||||||||_
O - SR Post Fit -
~—~
@ 10°E-4-Data B wzves [vvv E
§ - £2 TotalSMunc. [lagzz [ Xy -
L 10 g|jWZ B ttX [ |Non prompt _
10° = E
102 E— o —§
10F E
1 | |
O
)
S
O
~
©
——
©
()

0 1 2 3 4 5 6 7 8
Ne; (P, =25 GeV)

stringent limits on

anomalous triple gauge
couplings in terms of
dim-6 EFT operators

CMS-PAS-LUM-19-001

CMS Highlights

| ! I | | | | ! I

o POWHEG
“(NLO QCD+LO EWK)

___ MATRIX
(NNLO QCD+LO EWK)

mm MATRIX
“EE (NNLO QCDXNLO EWK)

- Statistical
- Systematic
Luminosity

| | | ] |

CMS Preliminary

137.2 b (13 TeV)

= POWHEG+NNPDF31

Preliminary

upe
=== MATRIX+NNPDF31
= = MATRIX+PDF4LHC15
MU MATRIX+CT14
n Statistical
. Systematic
Combined ]
Luminosity
| | | | | | | J‘ J\i | | | | | | | | |
1.2 1.4 1.6

Full Run-2, 137 fb~1 55 osF™-

CMS-PAS-SMP-20-014

0.4F

03

0.2

01—

I T T T

R

©)

- Observed, 68% CL

- Observed, 95% CL

——-Observed, 99% CL _1

+ Best Fit 3

¢ Powheg+Pythia E
N P PR R SR R

S ——

" 0.15 0.2 0.25 0.3 0.35 0.4
W W
fL - fR

first observation of longitudinally
polarized W bosons in WZ production
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-012
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LUM-19-001

Vector Boson Scattering

CMS 35.9 fb' (13 TeV)
< 300 l I | I | l | l | | I _]
5 . . oo e i .
Same-sign W pairs VBS signature: two jets with large PP = WY J G o o o !
- e : .. < 250 .
. - rapidity separation and dijet mass el sianif &7 Pune. EMisID photon W
with measurement of the polarisation signal signiticance: W Wmocowy Wiy

4.90 (460' exp) 200;_ Muon barrel

lllllllll 137 b (13 TeV) 137 b (13 TeV) : : : -
-_% 100 L-CMs B Other bkg. ¢ Data B _% - cMS W Other bkg. ¢ Data ] 1501 my, (30, 80) 1 m,, (80, 130) m, > 130 —
= —W, W, A\ BKg. unc. ~ 0t b —W, W, \Bkg. unc. | CMS-SMP-19-008 - : : .
L 7 W, W, ww* ] 27 F wow,w,w, — W, W wew* - PLB 811 (2020) 135988 2
C WZ = - T LT 100
° T — W, W, O . © — W, W, mwZz .
T 2z . L 10° |- ZZ ~
I W Nonprompt | - M Nonprompt 3 Full Run-2, 137 fb-1 50
-th IS NN @ -tVX i
S0 tN\g\\\\\% 102 | .
B e N N N NN \\\\\\§ 0
i + \*\ \i W\\\*\\\\ﬁ\\\\ NN + LA L CMs 137 (13TeV) 200~ 5080~12500~ 1300~ P~600 01200~ 1300~im0~800 01300~ 1 504
u ; ¥ o
[2] — -
5 1°E  m,>100 GeV + Data E s
> E i B Z+X E —)
s F - - — s ook orazwz 1 PP ZZ J)
%) 7 G522 |
s @ 1o oo 22 = "
s < mewzzj 7 signal significance: CMS-SMP-20-001
10

4.00 (3.50 exp) PLB 812 (2020) 135992

0 1' 5 3 - 05 0 05 i
Ao BDT score

Process o B (fb) Theoretical prediction (fb) limits on anomalous quartic

Exploiting event ~ Wy Wi 0.32177075 0.44 + 0.05 5 oas in t

inetics, extract ~ WEWZE  3.067051 3.13 + 0.35 £ PRRESES gatige cotplings in terms
polarisation WI:[:W):IE 1201—8;2 1.63 + 0.18 S 570203 04 05 06 07 03 029K1 of dim-8 EFT operators
components Fya7E 10.49 L . . .

WrWr 2117, 1.94 = 0.21 Fiducial cross section:
et b - orw (pp — ZZjj — 0000 jj) = 0.3310 745 (stat) 7005 (syst) fb
NS SMP_20-006 first hint the scattering of at least one EW (PP JJ JJ) = U.099_( 19 _0.03 8y
PLB 812 (2020) 136018 W_ at the 2.30 (3.10 exp) level SM: 0.28 4+ 0.02 fb
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-006
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-008
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-001

Higgs Mass Measurements

137 fb' (13 TeV

SN
X
3o
I

137 fb' (13 TeV)
I B B

250

200

150

100

Events / 2 GeV

50

LI B | I LI B B | | LI B B |
- H— vy, m, = 125.38 GeV

S/(S+B) weighted events / GeV

I LI B

All categories

S/(S+B) weighted  _
¢ Data

— S+B fit

----- B component -

[+t1o ]

[ ]+20 .

2500:_IIIIIIIIIIIIII|IIIII

lllllllllllllll 1]

| T |
B component subtracted

H— ZZ — 4%

my = 125.26
H = vy
* using a refined calorimet

- 0.21 (total) GeV

er calibration

Run-2/2016 combination

- 0.26 (total) GeV

The Higgs boson mass measureme

- 0.16 (total) GeV

nt uncertainty

is still dominated by statistics

- June 7, 2021

CMS-HIG-16-041
JHEP 11 (2017) 047

CMS-HIG-19-004
PLB 805 (2020) 135425

CMS Highlights

Run-2 2016, 35.9 fb-1

CMS

Run 1: 5.1 b7 (7 TeV) + 19.7 fb' (8 TeV)
2016:35.9 fb™ (13 TeV)

—— Total Stat. Only

Total (Stat. Only)

Run 1 H—yy 124.70 + 0.34 ( £ 0.31) GeV

Run 1 H— ZZ— 4l 125.59 + 0.46 ( + 0.42) GeV

Run 1 Combined 125.07 £ 0.28 ( £ 0.26) GeV

2016 H—yy =" 125.78 + 0.26 ( + 0.18) GeV

2016 H— ZZ— 4l -—-—l- 125.26 £ 0.21 (£ 0.19) GeV

2016 Combined T—I 125.46 £ 0.16 ( £ 0.13) GeV

Run 1 + 2016 l-i-l 125.38 £ 0.14 (£ 0.11) GeV
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

122 123 124 125 126 127 128 129
m, (GeV)

Combination with Run-1 result

my = 125.38 4+ 0.14 (total) GeV

e currently the most precise measurement (1.1%-)
e central value consistently used in CMS analyses


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-004
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041

H — yy and STXS
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CMS-HIG-19-015

Submitted to JHEP
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Full Run-2, 137 fb-1

Measurements by production mode in

various kinematic regions (STXS = Simplified
Template Cross Sections)

-1
CMS 137 fo' (13 TeV)
B O Observed N
10 £ 58 =
— o= [ tio(stat@syst) =
[9.473° 1378 =
- -5 141',13 B +ic (syst) —
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10 E—E | 3655 0.0827 5926 » ~— SM prediction =
— 0. 10, 0.49', —
= z.ei,gg . T 0s202 o 4 4612 . § 3108 ]
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ggH 0J high p
ggH 1J low p
ggH 1J med p!
ggH 1J high p”

(* already 40 analyses switched to Ultra Legacy re-reconstruction)
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ggH>2J low p
ggH>2J med p

ggH >2J high p

ggH VBF-like

ggH BSM

qgH VBF-like

qgqH VH-like
ggH BSM
WH lep

ZH lep

VH
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015
https://cms.cern/news/and-the-higgs-boson-said-let-there-be-light

H—- ZZ* & 4€ and STXS
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1(40) = 0.94 4+ 0.07 (stat) T 0 (syst)

CMS-HIG-19-001
Accepted by EPJC

o (40) = 2.847¢755 (stat) Tg57 (syst) fb

SM: 2.84 +0.151tb

CMS Highlights

Full Run-2, 137 fb-1

Also: comprehensive
study of CP structure and
anomalous couplings

CMS-HIG-19-009
Submitted to PRD

Phys. Briefing

Contraints on ttH anomalous CP
coupling, combining H — 47
and H — yy

137 fb" (13 TeV) e 10

-2AIn L

- D W s~ O OO N 0O ©

o
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-009
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001
https://cms.cern/news/scrutinizing-production-and-decay-kinematics-higgs-boson-using-its-golden-decay-channel

First Evidence for H = uu

Exclusive categories: ggH,

CMS Experiment at the LHC, CERN ‘ CMS Experiment at the LHC, CERN ) CMS Experiment at the LHC, CERN

Data recorded: 2018-Sep-30 16:00:48.744704 GMT Data recorded: 2018-Aug-27 18:16:09.757504 GMT Data recorded: 2016-Aug-05 11:38:36.759040 GMT
) ¥ ' Run/Event/LS: 321879/ 102476714 / 86 Run / Event/ LS: 278240 / 2307764905 / 1215

Run/ Event/ LS: 323755/ 1382838897 / 755

W(—eVv)H

— "\

CMS Expernment at the LHC, CERN g CMS Experiment at the LHC, CERN ) CMS Experiment at the LHC, CERN
Data recorded: 2018-0O¢1-03 01:19:17.320393 GMT Data recorded: 2016-Jun-04 20:33:48.969022 GMT Data recorded: 2018-Jul-14 22:42:55.530432 GMT
Run / Event / LS: 323940 / 44997009 / 65 Run/ Event/LS: 274420/ 119660942 / 136
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First Evidence for H = uu

CMS Experiment at the LHC, CERN —1
Data recorded: 2016-Jul-07 12:00:20.388864 GMT FU” RUﬂ-Z, 1 37 fb

Run/ Event / LS: 276495 / 223808853 / 188

Analysis in VBF category
* makes use of advanced machine learning techniques

Drell-Yan backgrouna
considerably reduced
by VBF topology

* provides sensitivity similar to that in ggH

137 " (13 TeV) 137 b (13 TeV)
> T T 17T I T 1T TT I 1T TT ] T TT ] T 1T I T 1T 1T I T 1T T1T I lllll U) T T T I T T T I T T T l T T T I T T T ] T T T I T °
30[ s =
G [ CMS ¢ Data BH-ou ] o 10°r CMS ¢ Data B H-up requi rement (tWO
I ) ] > } .
@ .| Postit Bzj-ew  []py ] W 10"E post-fit Ezj-ew  [py forward JetS)
S [ VBF category [ Top quark [[]Diboson - 10°E VBF-SR Run2 [ Top quark [[]Diboson
> - 4
W, [ m,=125.38 GeV — VBF —ggH E 105 m, =125.38 GeV — VBF —ggH
:gj) ]
S
D 15F 4 ]
& 1of
= | ¢
m 10F t ] 137 b (13 TeV) 137 b (13 TeV)
@ E ’é‘ + I I I 1 I I I I I I I I | 1 . - ~~~
B 5F + . CMS Combined {i = 1.197 ' R “so, | T Bestit
L " SR —68% CL
0 - —— Combined best fit p = — _ Y l- - 95% CL
2 ol 2 VBF-cat. | m=1.36"° - - - = SM expectation . ® sV
X 2F 2 0.61 o
m @ I 68% CL
© a B o N
T _of g H +0.65 [ o5% CL
D : L1 1 1 | | - | L1 11 l L1 1 1 l L1 1 1 I L1 1 1 I | I T - I L1 11 : gg -Cat- l'l' = 0-63_064 mH - 125_38 GeV

110 115 120 125 130 135 140 145 15

My, (GeV) VBF DNN bin ] o
ttH-cat. | W=2327C

Iu(lulu) p— 119__|_8§é (Stat)igéll_g (SySt) VH-cat. u=5.48f:;£

CMS-HIG-19-006
JHEP 01 (2021) 148

Obs. (exp.) significance: 3.0 (2.5) o N

4 & 8 45 4 -05 0 05 1 15 2 25

Phys. Briefing P [
Best-fit u ggH ggH,{iH

Combining with Run-1 (7 and 8 TeV) improves significance by 1%
using my = 125.38 GeV (best CMS result)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006
https://cms.cern/news/boosting-unknown-highest-energy-higgs-bosons

Summary of Higgs Couplings

In the kappa framework , fit for 6 35.9-137 fb' (13 TeV)

coupling strength moditiers (k) S [T T T
_ >  F e
for my = 125.38 GeV @ = CMS wZ,.-"
B B mH - 125.38 Gev '¢"
w107 'E g =
Ky = 1.07 +0.22 (at 68%CL) £> £ pvalue = 4%
Y.

137 i I b ,-°
AL N 102L I i
T | CMS ; : Lt
s "2 my=125.38 GeV - i et

o Xu= 10777, at 68% CL § S| el ¢ Vector bosons
" 10 i#’ ¢ 3" generation fermions :
¢ Muons -
104 T SM Higgs boson

:Ill ] ] 1 1 1 |I|| ] | | 1 ||II| ] | | I | |I|| | 5
c% 1.5:ll| | | Illllll | | ]l]llll | | Illllll | :
e : :
CMS-HIG-19-006 = 1:-+ -------------- f% ----------------- $-- 22
% 02 04 06 08 1 12 14 16 18 2 JHEP 01 (2021) 148 e - I
COUplingStrengthKu &U 05_|1| Lol Lol Lol T

A 2

10 1 10 10
for the first time, meaningful 68% and 95% Particle mass (GeV)

confidence intervals for a Higgs boson coupling to a
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006

Search for Double Higgs Production

CMS-HIG-19-018
Full Run-2, 137 fb-1 JHEP 03 (2021) 257

Run-2 2016, 35.9 fb-1
Phys. Briefing

CMS 137 fb™ (13 TeV CMS 137 fb™ (13 TeV
CMS-HIG-17-030 = (18 TeV) 10t M — LAl
= o pper limits = = 95% CL upper limits = 3
PRL 122 (2019) 121803 — [ e Observed HH*YYbb : — "~ Observed HH_’YYbb -
%) o 5l =====- Median expected i IS 10° SCETLE Median expected T | 5
2« - [ 68% expected i 2 - I 68% expected 3
1?' - 95% expected : : : : - T’ 102k 95% expected = il ONLe L -
T 2oF @il Theoretical prediction —_ T - Theoretical prediction 3
CMS 35.9 b (13 TeV) T [ | | | | | - T ..L i ity Sy gl ]
- ’ 10E =
o - - oC - E
bbVV M 45 — = - ]
Observed 78.6xSM X B | X 1E =
Expected 88.8xSM T B i T = 3
B - | — R — jc:r 1 i i
o) . 107 F 5
bbbb - o S E
gbserveé:l gg.gxés,&/l S . . 2 , - ]
xpected 36.9x (" S ] -2 —
B 9g—>HH 0 "2 ] ST
2 § a .F :
bbrt 0 . < 10°E =
Observed31.4xSM |  BEEEEEEEE o Ohecarved 1 O () e et — R = -
Expected 25.xSM «— Observed * 15 -10 -5 0 5 10 15 20 %
by — - -—-- Median expected Kf}‘HHH/}‘ M Coy
Oserved 2055 B 68% expected Driven by ggF categories Driven by VBF categories
Expected 18.8xSM
L D 95% expected _ _
Combined . — —
Observed 22.2xSM I n CI u S Ive HH —> }/ybb VB F HH —> }/ybb
Expected 12.8x SM
| 1 Il 1 1 1 ] ] I 1 1
678910 20 30 40506070 100 200 300 400 o/osm < 7.7 (5.2) at 95% CL o/0sm < 225 (208) at 95% CL

95% CL on o, /oM

Combination of HH searches
o/0sm < 22 (13) at 95% CL

Constraints on anomalous
HHH (ka) and VVHH (cav) couplings In SM: A\pna = A = m% /202
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-018
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-030
https://cms.cern/news/how-does-higgs-boson-interact-itself

Top-Quark Mass Measurements

In the SM, the value of the Instability Scale A (> 107 GeV)
Run-2 2016, 35.9 fb-1

depends on 0s(mz) and the top-quark mass m(t) CMS-PAS-TOP-19-009
“0® __ 359fb'(13TeV)
From tt events g - EMS Preliminary & Data : CMS Preliminary
L Run-1 Iegacy § 4__ A Bt ch. __ — Measured value .stat+profiled syst total unc.
L
- tt, tW, s ch. -
m(t) = 172.44 £0.13 £ 0.47 GeV ! BV:esw -
B QCD | CMS, tt dilepton (13 TeV)

5 stat @ syst

CMS, tf I+jets (13 TeV)

* Run-2 lepton+jets
m(t) = 172.25 £0.08 = 0.62 GeV

AAAAAAAA

ATLAS, comb. (8 TeV)

CMS, comb. (8 TeV)

CMS, single top (8 TeV)

CMS-TOP-17-017
EPJC 78 (2018) 891

— IIlllIIllIlllllll 111
100 150 200 250 300 350 400 170 171 172 173 174

x10° CMS 35.9 fb (13 TeV) m, (GeV) m, (GeV)
i FC N T3 U From single top events
705_ %l:: nvlzcr)nnaqtched =Z+ !ets _ o
60 '+ Data ] BCD multiet 2 . . Alternative methods

Different phase space, different

>
O
G
O
2 5 - - -
= 40 kinematics, and separate .é‘fgz’ E:Jipts;ﬁi lc)alnk;ir:‘ig]rizc
£ Zg measurements of top and anti-top: P ' I ’
S 20 L+SecVix, £+]/y, etc.
o ol e m(t) =172.44 =0.77 GeV ’ ’
o . (_) * |ess precise but different systematic
- 1-51 e m(t)/m(t) = 0.995 %+ 0.006 -
IS _ uncertainties
S os- e m(t) —m(t) = 0.831)/' GeV . . .
- ® in agreement with main measurement
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-017
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-19-009

Running of the Top-Quark Mass

“Pole” mass from multi-differential cross section measurements

* in e*p* final state

: . — : Run-2 201 .9 fb-1
e as functions of mass and rapidity of the tt system, and jet multiplicity A28 A0ey S8:2 i

* unfolded at parton level CMS 359 1" (13 ToV)
e compared with NLO predictions in MS scheme =% 11 ABMP16 & o POF set
< : L =476 GeV
— CMS-TOP-18-004 = 1.05~ u, = m, = 163 GeV
m(t) = 170.83 £ 0.72 GeV EPJC 80 (2020) 658 =
1:_ - Hraf = 476 GeV
Evolution of the top quark mass from the differential cross section O9F
. N ® NLO extraction from differential Oy
dsS d fUthlOr\ Of m.- 0.9 o Reference scale = ?
t - [] NLO extraction from inclusive o
CMS 35.9 fb" (13 TeV) 0850 ’ ] One-loop RGE, n =5, ag(m ) = 0.1191
g * ~ 00 400 600 800 1000
o g: 300;_ _L + Data unfolded to parton level SISO AT u [GeV.
@/ dMg = | S— PLB 803 (2020) 135263 . o
s 250 't ELSuprf?:mS n MS scheme ) uncertainty evolved from inclusive
< B AT measurement at scale u, = 163 GeV
© 200 ABMP16_5 nlo PDF set
1505_ ------- my(m,) = 162 GeV
: i~ 16 Gev Top-quark running mass probed up a scale of order 1 TeV
100 t . e .
i e compared to RGE prediction at one-loop precision (ns = 5)
50 . . . .
T T T T * scale dependance found consistent with predictions at the 1.10 level
200 400 600 800 1000 1200 1400 1600 1800 2000 . i
m_ [GeV] ® no-running hypothesis excluded at the 95% CL
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-007
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-004

Heavy Quark Production in PbPb Collisions

Electron —

"l'i‘l"“"”b £ A

Evidence for tt production

* in the ep channel

e 4.00 obs. (6.00 exp.)
e following a first observation in

~b-tagged jet

1.7 nb™" (/s = 5.02 TeV)

Events

¢ Data Bt

- NAY B tW
[JNonprompt []Z/y*
B8 Total unc

1b

2b

Data/Pred

pPb collisions at \/snny = 8.16 TeV

CMS-HIN-19-001
PRL 125 (2020) 222001

Phys. Briefing

B

Oy 118250287 Oy 17825287 1)

BDT

Top quarks are thought to

decay before QGP formation
e probes for nPDF at high-x
* tools to study parton energy

loss in the QGP

CMS Highlights

Run-2, \/snny = 5.02 TeV, PbPb 1.7 nb~1 + pp 320 pb-!

Observation of B, meson production

e intheo
* bridge

PbPb (1.61 nb™) + pp (302 pb), 5.02 TeV

ecay channel B, — J/yw(—=uu)uv (»50)
hetween charm and charmonium

CMS-PAS-HIN-20-004

LEE s CMS B: = (Jly = u uuty,
E Preliminary Centrality 0-90%
2.5/ ~e 13<|y"|<23 .
: * hint of soften pr
3 -0y <23
: spectrum
i o
18- b= 042 * rules out some
R (extreme) models of
050 ¢ charm recombination
0 lIIIIIIIIIIlIIIIIIIllII[IIIlIIlI[Il
0 5 10 15 20 25 30 35
i [GeV]

will help disentangle the enhancement and
suppression mechanisms at play in the
evolution of heavy quarks through the QGP
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-001
https://cms.cern/news/heavy-metal-hits-top
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-20-004

Search for Heavy Resonances

Full Run-2, =137 fb-1

Dilepton resonances

Diboson resonances

Events / 5 GeV

Data/fit
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translate into limits on
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CMS Highlights

resonance masses

are excluded

0 40 60 80 100 120 140 160 180 200

depending on models

2

mjet (GeV) : 1
T
% i
= 107"k
= g
>.
Q
Q402
X
o

new W' or Z' resonances with
masses up to > 4 TeV

CMS-PAS-B2G-19-002

WW, WZ, WH In

lepton + merged jet

final state

muon channel
et [Ay|<1
.i.‘mﬂ;g{rﬁ 4 ﬁ no b jet

@ °
?T.Lq,i,iii.i.,.A.,

IIIIIIIII|IIIIIllllllllllll
— CMS

- Preliminary

95% CL upper limits
—e— Observed

----- Median expected
' [ 68% expected
. [ 95% expected
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I | [
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107°
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Focus of Run-3: searches for

long-lived particles (LLP)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019
https://cms.cern/news/searching-new-physics-very-high-energy-lepton-pairs
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-19-002

Preparation for Run-3

Heterogeneous online reconstruction

L1-Muon trigger
e Kalman track finding that provides better efficiency for
displaced muons (without vertex constraint)

tested in parallel in 2018 and

1CMS 2018 Cosmic Data

5 F commissioned with cosmic rays
S oo, |
m S AT T3
T S S T S — measured on
- 4 b + PU 50 events
T - T
: R T AT
S SR Wt
0'6_ rac > e : + :
- Muonpst0cey + S
0.5 .__+BMTF+ AAAAAA ......... + .............. . . .
O4§_+D|SplacedKBMTF ____________________ +_+:* ................. ++++ GPUS In ngh-LeveI Trlgger (HLT)
F ot ks TS . :
sap TTOWIGNE | e g T A A significant (and growing) fraction of the
1
- = Displaced KBMTF (L1d, =75 cm) ji‘*‘ ; +
e e R +:1 <<<<<<<<<<<<<<<<<<<<<<<<<<<<< online reconstruction code is off-loaded
01_5_ ............................................ M—.:‘i‘*:‘:i- ........................ __t_,:‘;“* ............ from CPUS tO G PUS
O .4-1—;..:[.—"""'"1 | | | I | | | ;x"‘l-gl o
0 0 M0 e e e HCAL and ECAL local reconstruction
and calibration
Computing and Offline software e pixel tracking and electron seeding
* increased use of opportunistic computing (HPC: 10-15%) * some particle flow and jet algorithms

e 10% faster full simulation

e improved fast simulation A significant improvement in speed (>20%)

e development of event lighter data formats already with present 30% of Run-3 workflow
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CMS Phase-Il Upgrades

Barrel Calorimeters

e crystal granularity readout at 40 MHz E;——?;:_ s ;g;;%f
Tracker ® precise timing for e/y > 30 GeV S ¢
e all silicon (strips and pixels) e ECAL operation at Iqw temperature (10°)
* higher granularity (>2B channels) * upgraded laser monitoring system
® |ess material
® coverage extended to |[n| =4 = ——— i , | HEHE | Vs
A MIP Timing Detector (MTD) e A oo
® precision timing on single charged tracks = Barrel ~ i
(30 to 40 ps resolution) 1= Calorimeters =% '
Endcap Calorimeter (HGCAL) e Barrel (BTL): LYSO crystals + SiPMs ' ~
* silicon pixels (EM) and . Endcaps (ETL): Low Gain Avalanche Diodes

scintillators + SiPMs (HAD)
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e 3D shower reconstruction wit s A Rl I 53 s B T
s, - g | | & (A5 AR - SRR D SRR ; - o TG s
b ° ° | | ‘.~‘ i q:_:" - = 'J-.:”- ; S v : 2 . ..--,: g % , »(\ b ;,
precise timi ng {1 RN i MY oN ) WD 2l
BT R / B R N\ A\ 7 i :
' i : o\ <A > ! # e \i S PRSI T
: g LIPS RS2 N e St D
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| . : YIS M : g SLAAAREATT T | . -
. The Phase-2 Upgrade of the * - * The Phase-2 Upgrade of the E
| wia . > 1/ A MIP Timi ngD t ctor o e pgrace o
g CMS Enflcap Calorlmeter : for the CMS Phas 2Upg ade v y CMS Level-1 Trigger
L \ Technical Design Report Techni lDesg Report Technical Design Report

Muon Detectors / I Ca'fgg;aeﬂ or MTD L1-Trigger
e DTs & CSCs: new FE/BE |
readout electronics e 74
® RPCs: new electronics -Trigger \\
* new GEM/IRPC chambers \ . ;crack trigger a1t2L15 (40 MHz) Ne=>——
* extended muon coverage * latency up to 12.5 ps ,’ =
to |n| = 3 J ® triggers on displaced muons c”‘fz‘ .

and long-lived particles

- [/ Beam Radi
) eam Radiation Instrumentation and
W [ SN/ /P Luminosity (BRIL)

See talk by DAQ/HLT =1 « BCM/PLT refit
Santiago Folgueras m * HLT output at 7.5 kHz * new T2 tracker

on Friday -
EERN "DAQ/HLT  BRIL
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https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2296612
https://cds.cern.ch/record/2714892

Highlights of Coming TDRs

Phase-Il HLT (not aiming at demonstrating final performance) Phase-ll Luminosity
* Physics performance already matching expectations with e Offline bunch-by-bunch luminosity with 1% precision
thresholds similar to that of Run-2 ® Online & orbit integrated luminosity with <2% precision
e Timing-wise, only a factor ~2 still to be gained for Run-4 e even outside CMS data taking
CMS Preliminary Phase-2 Simulation 14 TeV 40 MHz scouting Neutron Monitors .
r>—- L L L N B N D O B B B O B B > 1.2— i |14IT9V Muon Barre|(MB) L1 muons, tracks, Gas filled proportional Tracker Endcap Pixel
é 140; —+— PF (Raw) —+— PF+CHS (Raw —: % : Shifg’;’zzgn L1 trigger primitives calorimeter objects chambers ([:)Iz?i:tr(:;chcE::zidences
o - g O 1
> 2 {100 _ = s Outer Tracker
% ¥ g i e Layer 6 (OT L6) e
\3 100 - . ;I 0.8 W« HLT (Run-2) L1 track stubs hit towers & ZE;
;Q_E L ] e F e N "_*' 0 6:— L e tg‘:””“‘j" o Beam Halo Monitors (BHM)
~ 80 i - = - Ot e CATOHLT R 25 ps e, i Cherenkov Light & PMT
52 e0- . 045 BB e Lt
g - i e
— L a - |
©  40® — 0.2_— -
T 12c1>o' - '3cl>o' - '4cl)o' - '5(1301 600 00_ 00 1000 1500 - (2=+/-160 m) 1 ambient dose
GEN pTSS [GeV] mgibEN [GeV Timing | equivalent rate
o LHC Radmons 5 ©
Response-corrected MET resolution HH — bbbb trigger efficiency i :\%rzgefsl'uence
. . ' B Conditi Monitor f
The PUPPI algorithm (red) mitigates L1T (black), L1T+HLT with Run-2 algorithm omes (BOMLLD)
PU effectively. (blue), L1T+HLT with lower pr and Hr oo ;gi;t;:’;‘;‘;;e;es TEPX Disk 4 Ring 1 (D4R1) ¢ n.- .- .. lonisation current in pCVD

. diamond and sapphire sensors
clusters & coincidences Monitor (FBCM) PP

thresholds and DeepCSV b-jet tagging (red)
for same rate (50Hz) Figure 1.5: Subsystems to be used for the CMS BRIL Phase-2 measurements for HL-LHC.
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Summary

. . e . R RE-organisation of the CMS
Despite the pandemic, the CMS LS2 activities are progressing well bl

* upgrade of the Hadron Calorimeter completed

e first Phase-ll muon detector installed . )
CMS is looking

forward to the Pilot
Beam Test and the
start of the Run-3

* new beam-pipe for Phase-ll installed
e pixel detector fully refurbished

Work at Point 5
e with 75% of normal efficiency despite anti-COVID
precautions and quarantines

* mostly performed by teams of long-term locally
CMS continues to deliver physics results at a steady pace

resident users, re-organised to minimise inter-group
* no indication of loss of productivity

Interactions
* however, signs of stress due to massive telework, lack of

Phase-ll Upgrades in-person meetings and absence of social interaction,
e excellent progress in all projects, but tight schedule especially among our younger collaborators
e delays of 3 months due to lockdown and up to 8 months
due to partial closure of facilities, delays in procurement, We are continuously monitoring the impact of the pandemic
travel restrictions, etc. on our activities and our collaborators. We are mindful of the
* two upcoming TDRs: DAQ/HLT and BRIL long-term effects that the pandemic may have.

- June 7, 2021 CMS Highlights 26



Plenary Session Speakers

e Experimental Results on Exotic Searches
Halil Saka (Univ. of Cyprus)
e Dark matter: overview of direct/indirect searches
Deborah Pinna (Univ. of Wisconsin)
e Experimental results on tt+X
Joshuha Thomas-Wilsker (IHEP)
e Experimental results on Higgs measurements
Pierluigi Bortignon (Univ. di Padova e INFN)
e EWK precision measurements
llya Gorbunov (JINR)
e VBS and VBF measurements
Roberto Covarelli (Univ. di Torino e INFN)
* Heavy Flavours - rare decays
Alessio Boletti (LIP)
e CMS upgrades
Santiago Folgueras (Univ. de Oviedo)
e Qutreach and diversity

Brajesh Choudhary (Univ. of Delhi)

- June 7, 2021

CMS Collaborators at LHCP 2021

Parallel Session Speakers

Barbara Alvarez Gonzalez (Univ. de Oviedo)
Juan Gonzalez (Univ. de Oviedo)

Nils Faltermann (Inst. fiir Exp. Kernphysik)
Mintu Kumar (Tata Institute-A)

Rajat Gupta (Panjab Univ.)

Markus Seidel (Univ. of Maryland)

Salim Cerci (Istanbul University)

Matteo Presilla (Univ. di Padova e INFN)
Alicia Calderon Tazon (Univ. de Cantabria)
Christophe Royon (The Univ. of Kansas)
Riccardo Salvatico (The Univ. of Kansas)
Guillaume Falmagne (LLR, IN2P3-CNRS)
Georgios Krintiras (The Univ. of Kansas)
Christina Reissel (ETH Zurich)

Kajari Mazumdar (Tata Institute-B)

Roberto Seidita (Univ. di Firenze e INFN)
Alberto Orso Maria lorio (INFN di Napoli)
Antonios Agapitos (Peking Univ.)

Christian Herwig (Fermi National Accelerator Lab.)
Daniel Spitzbart (Boston Univ.)

Matthias Komm (CERN)

Aran Garcia-Bellido (Univ. of Rochester)
Claudia Wulz (HEPHY)

Laurent Forthomme (Univ. of Helsinki)

Mia Tosi (Univ. di Padova e INFN)

Swagata Mukherjee (RWTH, lll. Physik. Inst. A)
Nadja Strobbe (Univ. of Minnesota)

Samuel Louis Bein (University of Hamburg)

Edgar Fernando Carrera Jarrin (Univ. San Francisco de Quito)

Adriano Di Florio (Univ. di Bari e INFN)
Ruchi Chudasama (Tata Institute-B)
Emanuele Usai (Brown Univ.)

Meena Meena (Panjab Univ.)

Andreas Albert (Boston Univ.)

Junquan Tao (IHEP)

Claudio Quaranta (Univ. di Roma | e INFN)
Silvio Donato (Univ. di Pisa e INFN)

Varun Sharma (Univ. of Wisconsin)
Valentina Mariani (Univ. di Perugia e INFN)
Oksana Shadura (Univ. of Nebraska-Lincoln)

CMS Highlights

Posters

Mapse Barroso Ferreira Filho (Univ. Estado Rio de Janeiro)
Andrea Trapote Fernandez (Univ. de Oviedo)

Alejandro Soto Rodriguez (Univ. de Oviedo)

Carlos Vico Villalba (Univ. de Oviedo)

Victor Rodriguez Bouza (Univ. de Oviedo)

Cristina Oropeza Barrera (Univ. Iberoamericana)

Peter Kicsiny (CERN)

Hamed Bakhshiansohi (Isfahan University of Technology)
Suman Chatterjee (HEPHY)

Soumya Mukherjee (Tata Institute-B)

Jona Motta (LLR, IN2P3-CNRS)

Andrea Cardini (DESY)

Alessandro Tarabini (LLR, IN2P3-CNRS)

Amandeep Kaur (Panjab Univ.)

Manuel Alejandro Rodriguez Giraldo (Univ. de Antioquia)
Sahithi Rudrabhatla (Univ. of lllinois at Chicago)

Badder Marzocchi (Northeastern Univ.)

Christopher Mcmahon (Boston Univ.)

Duncan Alexander Leggat (IHEP)

Amandeep Singh Bakshi (Purdue Univ.)

Jyoti Babbar (Panjab Univ.)

Jona Motta (LLR, IN2P3-CNRS)

Mapse Barroso Ferreira Filho (Univ. Estado Rio de Janeiro)
Mintu Kumar (Tata Institute-A)

Si Hyun Jeon (Seoul National University)
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CMS Preliminary Results at LHCP

e Search for Higgs boson pair production in the four b quark final state
CMS-PAS-HIG-20-005

e Search for high mass trijet resonances using final states with boosted dijet
resonances in proton-proton collisions at /s = 13 TeV
CMS-PAS-EXO-20-007

* Inclusive and differential cross section measurements of single top quark production
in association with a Z boson in proton-proton collisions at /s = 13 TeV
CMS-PAS-TOP-20-010

* Measurement of the shape of the b quark fragmentation function using charmed
mesons produced inside b jets from tt pair decays
CMS-PAS-TOP-18-012

e Measurement of the inclusive and differential Higgs boson production cross sections
in the decay mode to a pair of T leptons
CMS-PAS-HIG-20-015

e Search for flavor-changing neutral current interactions of the top quark and the
Higgs boson in the diphoton decay channel in proton-proton collisions at /s = 13 TeV
CMS-PAS-TOP-20-007

e Search for charged lepton flavor violation in top quark production and decay in
proton-proton collisions at /s = 13 TeV
CMS-PAS-TOP-192-006

e Probing effective field theory operators in the associated production of top quarks
with a Z boson in multilepton final states at /s = 13 TeV
CMS-PAS-TOP-21-001

e Search for new particles in events with energetic jets and large missing transverse

momentum in proton-proton collisions at /s = 13 TeV
CMS-PAS-EXO-20-004

B

CMS Highlights

e Measurement of multi-differential cross sections for the production of a Z boson
in association with jets in proton-proton collisions at /s = 13 TeV
CMS-PAS-SMP-19-009

e Search for long-lived particles decaying into two muons in proton-proton
collisions at /s = 13 TeV using data collected with high rate triggers
CMS-PAS-EXO-20-014

e Search for Higgs boson decays into long-lived particles in associated Z boson
production
CMS-PAS-EXO-20-003

e Search for long-lived particles decaying in the CMS endcap muon system in
proton-proton collisions at /s = 13 TeV
CMS-PAS-EXO-20-015

e Observation of the B.+ meson in PbPb and pp collisions at /syn = 5.02 TeV
CMS-PAS-HIN-20-004

e Strange particle collectivity in pPb and PbPb
CMS-PAS-HIN-19-004

e Luminosity measurement in proton-proton collisions at 5.02 TeV in 2017 at CMS
CMS-PAS-LUM-19-001

e Measurement of mass dependence of the transverse momentum of Drell Yan
lepton pairs in proton-proton collisions at /s = 13 TeV
CMS-PAS-SMP-20-003

e Search for resonances decaying to triple W-boson final states in proton-proton
collisions at /s = 13 TeV
CMS-PAS-B2G-20-001
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-010/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-19-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-015/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-19-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LUM-19-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-001/index.html
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Precision Luminosity Measurements

2016 (13 TeV)

. . c e . _ 3:_| \WIS  Fill 4954, fifth x scan, PCC ]
Absolute luminosity scale measured for individual bunch crossings 510 CMS }Data  — Fit
S | — Gauss 1 Gauss 2
— 00 CMS, LHC beam position monitors 2016 (13 TeV) 2 102;‘ — Const -
i S L e S R i i — = s
= 400+ x y y X X y X y — S 10F
= 4 —Beami1(x) & |
b " 2 200 = eam L ‘
eam-separation — q —Beam1(y) 2 ¢ T T~
= = b/ SO\
van der Meer scans E 1 —Beam2( B |l At
— 1 —Beam2(y) @ 3} :
-400 vd vdM LSC vdM — g ‘§ of +++ ++ : ! " ++ +++++ ;
S . = syt T
- . . . ] . . . . | F . ] ql . . | . ] . | - % -3r ]
% 50 100 150 200 250 300 T 06 04 02 0 0z 04 06
t [min] Horizontal beam separation [mm]
Obtained relative precision BT = il | -
. = Pixel Luminosity Telescope
o ~1 > )
*1.6% in 2015 (2.2 fb ) CM S DTs BCM = Beam Conditions Monitor
® 1.2% in 2016 (36.3 tb~1) Pixel endcap PLT BCM1F HF = Forward Hadron Calorimeter
Luminometers PCC = Pixel Cluster Counting
Main sources of uncertainties HF HF
e differences between measured beam m—— e 1 I\
" . e o bbbl LI = " CMS-LUM-17-003
positions and the ones provided by the LHC i i Jrem==ni = Submitted to EPJC
e factorizability of the transverse spatial = — .
Ca = - BRIL Phys. Briefing
distributions of proton bunches L =
. . . . Pixel barrel
e modelling of interactions among protons in senne P e
And also:

the colliding bunches
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e 1.9% in 2017 at /s = 5.02 TeV (302 pb-1)

CMS-PAS-LUM-19-001
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https://cms-results.web.cern.ch/cms-results/public-results/publications/LUM-17-003
https://cms.cern/news/illuminating-counting-lhc-collisions-cms
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/LUM-19-001
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Combining with Run-1 (8 TeV,
e CP phase:
ds = -21 £ 45 mrad

e decay width difference:
Al's = 0.1073 = 0.0097 ps—
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Phys. Briefing

N CMS Experiment at the LHC, CERN
Data recorded: 2018-Jun-11 17:23:0
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-001
https://cms.cern/news/crack-mirror

Observation of 3-Boson Production

Leptonic final states

CMS 137 b (13 TeV)
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Phys. Briefing
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B Charge mismeasurement

WW/Z — 4 lepton event
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-014
https://cms.cern/news/triple-treat-cms-observes-production-three-massive-vector-bosons-0

ttH Measurements
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008
https://cms.cern/news/higgs-playing-with-top-in-singles-and-doubles
https://cms.cern/news/and-the-higgs-boson-said-let-there-be-light
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010
https://cms.cern/news/Mirror-mirror-on-the-wall-who-is-the-most-CP-even-of-them-all
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https://cms.cern/news/Examining-how-the-Higgs-boson-shapes-up
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-002
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-028
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001

Top-Quark Mass Measurements

Direct measurements Alternative measurements “pole” measurements
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tt+Z and tt+y

CMS 775" (13 TeV)
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Full Run-2, 137 fb-1
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-009
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-18-010
https://cms.cern/news/top-quarks-energetic-light

Jet Structure 1n Heavy lon Collisions
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new constraints to the theoretical models

- June 7, 2021 CMS Highlights 39


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-013
https://cms.cern/news/jetting-through-droplet-matter-early-universe

Long-Lived Particles
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Search for LLPs produced in pairs

e with a mean decay length between 0.1 and

100 mm (i.e. within the beam pipe)
® each decaying into two or more quarks

Full Run-2, 140 fb-1
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Search for Higgs boson
decaying to long-lived scalars ~ 10°
® decaying to quarks or tau
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-013
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-015

