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* Run 2 analysis still in full swing

Run 2 analyses

— Still one of the main priorities in CMS and the physics output continues to be impressive

 We will present 26 new preliminary results here at EPS that were especially prepared for
this conference. Only a selection will be shown here

— Many more and with more details will be shown in the plenary and parallel talks

Many thanks to the LHC team for the excellent data they provided to

us in Run 1 and Run 2 and for their commitment in view of Run 3

Run 2 ended in 2018 and CMS collected an integrated
luminosity good for all physics of almost 140 fb- at 13 TeV CM energy

Heavy lon data, mainly PbPb and pPb

CMS Integrated Luminosity, pp, vs= 13 TeV CMS Integrated Luminosity Delivered, PbPb, s = 5.02 TeV/nucleon
CMS Average Pileup (pp, vVs=13 TeV)
Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC Data included from 2015-11-25 09:59 to 2018-12-02 16:09 UTC
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Physics output in terms of publications

e 1054 papers on collider data

Show all -Total Exotica Standard Model Supersymmetry Higgs Top Heavy lons . .
[ ] published or submitted to a

Forward and Soft QCD

journal
1054 collider data papers submitted as of 2021-07-24
S —— — 574 based on Run 1 data
T o ——— P — 474 based on Run 2 data

 More than 1000 published
since some time

July 27 2021 EPS Conference 2021 4



Work on physics objects
Extensive use of Machine Learning
Keep improving performance even in view of Run 3
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New luminosity analysis of 2015 and 2016

Number of pixel clusters

Average pileup

* Ultimate precision for 2015-2016 luminosity arXiv:2104.01927
. o . n=1
— Luminosity uncertainty of 2016 data from 2.5% to 1.2% ) o — — _ cms
. . . . OTs ongitudinal view
— Uncertainty full Run 2 data-taking period is 1.6% © A E— —
— Updated luminosity for 2017 and 2018 will come soon
. A [ —
and reduce even more the overall uncertainty
CMS, LHC beam position monitors 2016 (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/LUM-17-003/index.html

X Electron/photon reconstruction and muon trigger

ucsp
* Publications on Run 2 performance
JINST 16 (2021) P0O5014 16 (2021) P07001
Comparison of Z mass resolution Performance of the CMS muon trigger system
Before and after final calibration in proton-proton collisions Vs = 13 TeV

Included in Legacy Run 2 rereco
Extensive measurements of Run 2 L1 and HLT trigger performance

CMS 41.5 o (13 TeV) 2017 CMS 36fb (2016) 38fb (2017) 60fb (2018) (13 TeV) CMS 36“’ (2016) 38“’ (2017) 60“’ (2018) (13T9V}
1 1 1 1 | | i

| T T T T o > 1o Ty & 1
2 fLowb " N\ LIS S | Mus part of double-muon trigger -
é% fyvi/ Draetr;sstra ung § : 5 1050 133Lag[)ed>8|2r;g|§e}.\l/'[rlgger : _% -tag matched to IsoMu24 _
- Data (Legacy) § 4 g = poffllne > 26 GeV = L h-loffllne| <24
bEg 3 § o HGT) 095_ T ] Ii) I " & &
N\—— 95 R E 0.95- . e 4 -]
§ 2 g E I = I =
2 § 1 S oss —— - 2 — 3 I ]
i ’ %\ — ; e . — g : 0_9__ |
- § 0.8+ + i ;
- N\ - 750 E I ]
1 § 1 e | oss " 42016 .
! § 1 o7 —+— 2017 - ; 2017 ]
: \ | 065 —— 2018 E : +2018 _
O|HH\HH\‘HN\\HH\HH| 0,60l b b b b b b b 08— v v o
0 0.5 1 15 2 2.5 2 -15-1-050 05 1 15 2 0 10 20 30 40 50
Inl n(u) pT(H) [GeV]
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http://dx.doi.org/10.1088/1748-0221/16/05/P05014
http://dx.doi.org/10.1088/1748-0221/16/07/P07001

< Recent Physics Results
LCSD

* All new CMS results that we will be presented at EPS (26), Those in bold blue will be featured in this talk

B2G-20-003: Search for resonant pair production of new particles decaying to
pairs of b quarks in the boosted regime

B2G-20-004: Search for resonant production of HH to 4b in boosted and semi-
boosted topologies

B2G-20-007: Search for resonant production of HH decaying to bb and leptons

B2G-20-013 Search for diboson resonances in ZV/H to llqqg/bb final states
including axion-like particles

B2G-21-001: Nonresonant HH—4b at high invariant HH mass (VBF analysis part)

B2G-21-002 Search for resonance decays to triple W-boson in full hadronic
final states using 13TeV full Run 2 pp collision data

EXO-18-003 Search for displaced leptons in emu, ee, and uu final states
EXO-20-002 Search for right-handed W decaying to heavy neutral lepton
EXO-20-008 Search for excited quarks and Z’ decaying into b-jets

EXO-20-009: Search for long-lived heavy neutral leptons in leptonic final
states

EXO-20-013: Search for dark matter in DarkHiggs(WW)+MET dilepton final state
HIG-21-003: Search for h->aa in the four photon final state

SUS-20-004: Search for SUSY in HH(4b)+MET final states

SUS-21-001: Search for tau sleptons in the all-hadronic final state

BPH-18-004: Observation of the decays B® - ¥ (2S)Kdn*n~ and
BY - $(28)KS

BPH-21-004: Observation of triple J/1 production

FTR-21-001 WW/W?Z VBS HL-LHC

SMP-18-014 Measurement of the Z invisible width — PAS public
SMP-20-011 Inclusive jet measurements at 13 TeV using 2016 data
SMP-20-013 WV VBS in the semileptonic channel using full run 2 data
SMP-20-015 Z+=>1b differential cross sections at 13 TeV
SMP-21-003: Azimuthal correlations in Z+jets at 13 TeV
SMP-21-006: Multijet differential cross sections at 13 TeV
SMP-21-009: Inclusive Jet Cross Section measurements at 5 TeV

TOP-19-002: FCNC in top quark and Higgs boson interactions (H-bb)
(Run 2)

TOP-20-005: Search for CP violation in top-pair events with lepton jets
channel at 13 TeV (full Run2)

e All will appear at: http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/CMS/index.html
* See also the CMS Physics Briefings for general public appearing for EPS at: https://cms.cern/tags/physics-briefing

July 27 2021 EPS Conference 2021 8



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/CMS/index.html

X SM measurements
UCSD

 Measurements of different production processes continue and more and more differential ones

 Check theory calculations, deviations may indicate presence of new physics, EFT interpretations
June 2021 CMS Preliminary

-8_ SE! i 7 TeV CMS measurement (L <5.0 fb™) j
—10°F=": . # 8 TeV CMS measurement (L < 19.6 fo') :
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All results at: http://cern.ch/go/pNj7



IE) Measurement of the Z invisible width

e Uses 2016 13 TeV data CMS-PAS-SMP-18-014

* Ratio of I, /I7; from a simultaneous fit if of Z = vv,Z — uu and Z — ee enriched categories

CMS Preliminary 36.3 b~ ! (13 TeV) CMS Preliminary 363 fb™! (13 TeV)
T T I .I I I‘ I T I T I T I I I | I I I | T T T I I I [ T I T 1 T T I T T T 1 I L T I T 1 T T
10° PSS +jets 7| [T up +jets 7| [ ee+jets | § Data - .
L_1 SM prefit - -
4% [ SM postfit ALEPH | o : 450 4 48 MeV
2 102 — - - Z(—=wvv)+j - .
y W(— lv) +j L3 | —o— — 498 + 17 MeV
: | | | | Minor - .
= T QCD multijet - ]
o 125 | ! ! & | Z/7* (= 1) + OPALT F—e— 539431 MeV
= 1.00 = : - i
m 0'75 1 1 | | 1 1 1 I 1 1 1 I 1 | 1 | | 1 1 | I; __ __
,c_‘cg 3 [ T T [ T T T T | I_ [ T T | T T T T | ]_ [ T T [ I_ : :
[ ] [ - .
< _% R e ° AL LSS IR | Y XS Lk Sy CMS |- e 523 £16 MeV
8 3+ .. , ® . . . L4 . ) e | = -
m - [ T N T T T R T R [ T T T T B T N N T T T BT T T
500 1000 500 1000 500 1000 400 450 500 550 600
pr (GeV) (defined without the selected leptons) Tiny [MeV]

[,, =523 + 3 (stat) £ 16 (syst) MeV

* Single most precise direct measurement of the Z invisible width I,,,,, competitive with the

combined direct LEP result
Talks of Qun Wang (Mon) and Paolo Azzurri (Wed)
July 27 2021 EPS Conference 2021 10


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-18-014/index.html

E Jet differential distributions

Several analyses measure multi-differential distributions of inclusive and multi—jet QCD events
Distributions are unfolded to particle level CMS-PAS-SMP-20-011

Inclusive jet cross sections double differential in
jet transverse momentum p; and rapidity y

CMS Preliminary

36.3 b (13 TeV)
- o Te

10°

Anti-k, (R = 0.4) E

Improvement in the gluon PDF determination with CMS measurements:
jet and tt differential distributions

% 2 z CMS Preliminary Hessian uncertainties
S 10°f CT14 NNLOJET ® NP ® EW - 120
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or10 e e e o 9
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| e B B 1 X T
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1072 - _,__*_ A, ™ -Q-_.l. - 607 t
el Tl s T - ag(my) and m
107 . ‘.-.-.l'-l- * . 40— S( Z) . t
e Ml Me %l N are also obtained
-6 L ! ] - .
10 r L ™ ] 20— from the fit
°°r anti-kT with R = 0.4 N —
o f . L . |3 1.2
107300 200 300 1000 2000 3000 § 1.1 1T
Jet P, (GeV) 35 4
CMS Preliminary 36.3 o' (13 TeV) B o.91-
% 14l Iyl <0.5 05<lyl<1.0 1.0<lyl<15 15<lyl <2.0 L 0'?;4 10‘_3 10‘_2 16“
2 X
& 12f
': ---------- . Ld . . Ld
o 1 Constraints are also derived on SMEFT Wilson coefficients
|
2 08 Atk (R=04) by fitting them together with PDFs, ag(m;) and m;
2 [ Tot. exp. unc. -- NNLO PDF unc.
}‘% 06 —+-Data (stat unc.) —NNLO scale unc. + — H; scale
100 200 1000 100 200 1000 100 200 1000 100 200 10(20 Talks of Patrick Connor (Mon) and Paolo Azzurri (Wed) "
Jetp (GeV)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-011/index.html
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p \
E;i’;;._n i ) T/
sps: ok ﬁm DPS: ) a1 $
\ I/ ) I/ %
DECJ_‘W% i
3 prompt J/Y
, _ _ CMS-PAS-BPH-21-004
* Fiducial cross section:

o(pp > /Y I/ I/ X) = 2721181 (stat) & 27 (syst) fb

Three J/ candidates in each event ordered by p;

[¢]
—r

1

NDO L NV W H O D N 0 © O
)

9 3

MS Preliminary Vs=13TeV, L = 133 fb”'
e e

¢ Data
— Total
N\ Wy Jhy Jhy signal

3.1 32 3.3
mp*u] [1] [GeV]

* Production is expected to be dominated by DPS and TPS contributions,

the DPS associated effective cross section parameter is:

2(exp)13(theo) mb

where o pps iS an effective interaction area:

PP —+X pp—>¢z+X
_ (_) SPS Isps

2 Oeff DPS
e Candidate channel for first observation of TPS

_ o 7+l
Ogsrpps = 2:721

pp—y P+ X (M

O'DPS

Talks of Maxim Pieters (Mon) and Paolo Azzurri (Wed)

Measured O pps
compared to the

Events / 50 MeV

1

O o N W Hh OO N O © O
T[T [T T [T T T [T O

CMS Preliminary
e

Observation of triple J/w production
* Contributions to the production from single (SPS), double- (DPS), and triple- (TPS) parton scattering:

(s=13 TeV, L =133 fb"
R

Er

same measurement
in other processes

26

¢ Data
— Total
N\ Wy Jhy Jhy signal

3.2 )
mlu'y] 2] [GeV]

28 3

Events / 50 MeV

1pCMs Il:'rellimling'ry — fs=1 3I eV,L= 13|3 flb":
9 ¢ Data
8 — Total =
7 N Uiy Jry Jny signal E
6
5
4
3
2
1
s

m[u*u] [3] [GeV]

First observation of triple J/¢ production with >5 o significance

P -1
CMS Preliminary 133 b (13 TeV)
T T T I T T T T
—o—t CMS, Ys=13 TeV, Jiy+J/y+ J/w
—— CMS F 8TeV Jhy+dly
—.—t ATLAS \(L 8TeV Jy+dhy
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—— Do s 196 TeV, Jhy+dly
€«
——i
i
——
il
_—
—.-y
-
| o |
—_— CMS F)7 TeV, W+2-jet
— ATLAS JS=7 TeV, W2-jet
—i—— cms F 13 TeV Ww
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0 20 40 60

Ot pps [MP]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-004/index.html
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* Measure asymmetry of 4 T-odd observables which if CPT is conserved are also odd under CP transformation

Search for CP violation in semi-leptonic tt

O5; = Que(pp, Py, Pes ph) o< Qfﬁ’b : (ﬁfe < i;'j ) Measured asymmetries A’ -p are affected by dilution effects

1
S S S Due for example to the mis-assighment of the quark/antiquark
Og = Que(P, pp — Pp, Pes Pj,) « Qu(Py — Pp) - (Pe X Pj,) k ?
O =q-(po — Ps)eP, 4, v, P5) * (P — Pp)z* (Po X Pp)-
O14 = €(P, pp + Pp, Pe, Pj,) & (Po + P5) - (Be X Bj,)-
Nevents(oi > O) - Nevents(oi < 0) o

i=23,6,12,14
NEVentS(Oi >0)+Nevents(oi <0) —29:"/”;‘mjwujsum‘mm e

& S
Input asymmetry ACP inO,, [%]

11ep, > 4 jets (2 b jets )
e

© cms
15 Simulation Preliminary

CMS-PAS-TOP-20-005

Output asymmetry ACF [%]
o
T

¢ Ace
© Aep

— Fitto A, 3

Acp(O;) =

' . -1 . ) 1
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g '"|'"|'"|"'|"'|"'|"'|"'|"('|"') glos"'|'"|'"|'"|'"|"'|"'|"'|"('|"') Rawasymmetrles
) 10° BIDY+ i ) ; ;
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qc) % & o F CMS A Al inetjets Vv Al in pets 4
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indicating no CPV

Talks of Reza Goldouzian (Thu) and Paolo Azzurri (Wed) 13


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html
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First evidence of the coupling of the Higgs boson with fermions of the second generation

JHEP 01 (2021) 148

-1
H - uu candidate in gluon fusion channel 35.9-137 fb (13 TeV)

> II| T T LI III| T T T TTTT I| T T T T 1T II| T
Mass = 125.46 + 1.13 GeV s> 4L t .
| - <~ CMS Supplementary wZ .7
CMS Experiment at the L 'CER) > ‘f"'»l‘ — : m, = 125.38 GeV "?
Data recorded: 2018-Sgi#30 16:0 o I H ' ,"' |
Run/ Event / LS: 32388/ 133888 E“-|>10_1§_ p-value = 44% el 3
le C '¢"
i b x'/
102 té',f'
E L ’ Leptons and neutrinos Quarks

’
'f
"
L d
L d

|
_3_ ”

B -

Force carriers Higgs boson
1074 E @ =
:Ill 1 1 11 IIII| 1 1 [ IIII| 1 1 11 IIII| 1 a
% 1.5:II| T T IIIIII| T T T IIIII| T T IIIIII| T .
s R §--4-
‘C_U' :Ill 1 1 11 IIII| 1 1 [ IIII| 1 1 11 IIII| 1 ]
o 0555 1 10 10°
. . — icl V
» Signal strength, relative to the SM prediction u = 1.19%323 (stat) 1913 (syst) particle mass (GeV)
* Obs. (exp.) significance 3.00 (2.50)
Talks of Silvio Donato (Mon) and Kerstin Tackmann (Tue)
July 27 2021
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html
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* B, contains both b and c quark: bridge

Heavy lon results: first observation of B, in PbPb

Medium and high BDT categories in the PbPb analysis

Rl
PbPb (1.61 nb™!, 5.02 TeV) FbED (1:61 nbi, 502 TeV)

between bottom and charm mesons, and T T ) 3 ey | oo [l
quarkonia Bl | + —ed” e + — it
* Provides unique insight into the interplay , o o |
between suppression and recombination (at o et
low pr) . e

* Signalis three displaced muons jp—"

(2 OS making a J /) s~ T 3 ——————
c \ ‘Ll 3.5 4 45 5 55 6 6.5 ;qmm [égV] 35 4 4.5 5 55 6 6.5 1771"“” [7GseV]
\ ” First observation of B, in PbPb collisions, significance > 50
u
. . _ ) PbPb (1.61 nb) + pp (302 pb-), 5.02 TeV ; PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV
Interplay of several processes in B, production = Foms B o> Wy i 1)aw, § foms B — Wy — 1 1) v,
5 [ Preliminary Centrality 0-90% - Preliminary Centrality 0-90%
Recombination (uncorrelated) — 13<ly™ <23 y"<23 25 " Het 13<y™ <23
D S * fo o . "
a8l r o ly"1<23
B © %gﬁof [ ] %= PbPb 8 PbPb 2=
Regeneration E s
Dissociation (correlated) 2 o® = 0.68 “H P, =042
5 p:_bzp"=0.44
= A
c = b L] 3% - 05 %
b Jiy L : :
: 6‘ L1 ‘5“ L1 ‘1‘0‘ L1 ‘1‘5‘ L1 ‘2‘0‘ L1 ‘2‘5‘ L1 ‘3‘0‘ L1 ‘3‘5 007\ L1 \E‘)\ L1 \1‘0\ L1 \1‘5\ L1 \2‘0\ L1 \2‘5\ L1 \3‘0\ L1 \3‘5
m p;”" [GeV] p;“" [GeV]
cC c

G. Falmagne

/ Hint of softened py spectrum in PbPb,

Hard Processes CM5-PAS-HIN-20-004 1.60 difference between the two bins
15
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-20-004/index.html
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Searches

Overview of CMS EXO results

36-140 fb~* (13 TeV)

CMS prelimi Yy
String resonance M 0:5=8:111911.03947 (2j) 137 b1
Zy resonance M 0.35-4  1712.03143 (2p + 1y; 2e + 1y; 2j + 1y) 36 fb~!
N Higgs y resonance M 0.72-325 | 1808.01257 (1j + 1y) 36 fb!
£ Color Octect Scalar, k2 =172 M 05-37 | 1911.03947 (2j) 137 b=t
d Scalar Diquark M 055=7.5 191103947 (2j) 137 fb~!
tt+ ¢, pseudoscalar (scalar), g2, x BR(¢—2¢) > = 0.03(0.004) M 0.015-0.075 1911.04968 (31, = 4f) 137 fb~?t
tt+ ¢, pseudoscalar (scalar), g2,, X BR(¢-2¢) > =0.03(0.04) M 0.108-0.34 1911.04968 (31, = 41) 137 fb~1
quark compositeness (q4), Nura =1 N 21281111803.0803 (2)) 36 fb~t
L2 quark compositeness (1), flums =1 N Z201111812.10443 (20) 36 fo~t
‘5% quark compositeness (qd), Nuas = Aire <17.5 1803.0803 (2j) 36 fb~!
H quark compositeness (#1), A= — 1 Nimw 2321/1812.10443 (20) 36 fb~t
CE Excited Lepton Contact Interaction M 0:2=5/6"2001.04521 (2e + 2j) 77 fo!
Excited Lepton Contact Interaction M 02=57112001.04521 (24 + 2j) 77 fb !
(axial-)vector mediator (xx), gq = 0.25, gom =1, m, =1 GeV M <1.8  1712.02345 (= 1j +Ef™) 36 fb~1
(axial-)vector mediator (qq), gq =0.25,gom =1, my =1 GeV M 0.5-2.8  1911.03947 (2j) 137 fb~t
scalar mediator (+t/tf), gq =1, gom =1, m, =1 GeV M <0.29 1901.01553 (0, 12 + = 3j + EP'*®) 36 fb!
g pseudoscalar mediator (+t/tf), gq =1, gom = 1,m, = 1 GeV M <0.3 1901.01553 (0, 1 + = 3 + Ef'™) 36 fb!
5 scalar mediator (fermion portal), A, =1, my =1 GeV M <14 1712.02345 (= 1j + Ef'™) 36 fb!
i complex sc. med. (dark QCD), my,, GeV, CTx, =25 mm M <1.54  1810.10069 (4j) 36 fb! .
8 Baryonic Z', gq=0.25,gom = 1, m, = 1 GeV M <1.9  1908.01713 (h + EF’>) 36 fb!
7'~ 2HDM, gz:=0.8, gom = 1, tan = 1, m, = 100 GeV M 0.5-32  1908.01713 (h + Ef's) 36 fb!
vector mediator (qq), gq =0.25, gom =1, my =1 GeV M 0.35-0.7 1911.03761 ( = 3j) 18 fb~1
Leptoquark mediator, B=1, B=0.1, Ay,pw = 0.1, 800 < Mo <1500 GeV M 0.3-0.6 1811.10151 (1p + 1j + Ef'™ss) 77 fb1
RPV stop to 4 quarks M 0.08-0.52 1808.03124 (2j; 4j) 36 fb!
> RPV squark to 4 quarks M 0:1=07271 1806.01058 (2j) 38 fb!
H RPV gluino to 4 quarks M 0:1=1:41 | 1806.01058 (2j) 38 fb!
RPV gluinos to 3 quarks M <15 1810.10092 (6]) 36 fb!
ADD (jj) HLZ, nep =3 M Z12171/1803.0803 (2j) 36 fb~1
ADD (yy, 1) HLZ, ne M <93 1812.10443 (2y, 21) 36 fb!
" ADD Gyx emission, n M <9.911712.02345 (= 1j + Ey'ss) 36 fb!
H ADD QBH (jj), neo =6 M <8121803.0803 (2j) 36 fb=1
° ADD QBH (ep), nep =6 M <56 1802.01122 (ep) 36 fb!
£ RS Gyx(yy), kffp = 0.1 M <411 1809.00327 (2y) 36 fb!
= RS QBH (jj), nep =1 M <5911 1803.0803 (2j) 36 fb~1
£ RS QBH (ep), nep=1 M <356 | 1802.01122 (ep) 36 fb~!
“ non-rotating BH, Mp = 4 TeV, nep = 6 M 9,7 11805.06013 (= 7j(£, ¥)) 36 fb!
split-UED, 1 = 4 TeV R 0:4=2.91803.11133 (£ + EJ'S) 36 fb~1
RS Gk(qd, 99), k/Mp = 0.1 M 015=2161 1911.03947 (2j) 137 fb~t
excited light quark (qy), fs=f=f=1,A=m; M 1=505011711.04652 (y +]) 36 fo~
2 excited b quark, fs=f=f=1,A=m; M 1=1.8  1711.04652 (y +]j) 36 fb!
%é excited light quark (qg), A=m; M 0I5=6131/1911.03947 (2j) 137 fb-!
&g M 025=3.9" | 1811.03052 (y + 2e) 36 fb~1
M 0125=3187 1811.03052 (y + 2j) 36 fb~!
" UMSM, [Ven|? = 1.0, |Vw|2=1.0 M 0.001-1.43  1802.02965; 1806.10905 (32(w, e); = 1j + 26(, e)) 36 fo~
25 UMSM, VeV /(| Venl? + [Vinl?) = 1.0 M 0.02-1.6  1806.10905 (2 1j+p+e) 36 fb!
§ § Type-lll seesaw heavy fermions, Flavor-democratic M <0.88  1911.04968 (3£, = 4f) 137 fb~t
w Vector like taus, Doublet M 0.12-079  1905.10853 (3¢, =4f, =1T+24) 77 fbt .
scalar LQ (pair prod.), coupling to 1°t gen. fermions, B =1 M <144 181101197 (2e +2j) 36 fb!
" scalar LQ (pair prod.), coupling to 1% gen. fermions, §=0.5 ] <1.27 1811.01197 (2e + 2j; e + 2j + Ef'™) 36 fb!
ﬁ scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1 M <1.53 1808.05082 (2 + 2j) 36 fb!
§ scalar LQ (pair prod.), coupling to 2™ gen. fermions, =1 M 0.8-15 1811.10151 (1p+ 1j + EP™s) 77 bt
‘é scalar LQ (pair prod.), coupling to 2™ gen. fermions, B = 0.5 M <1.29  1808.05082 (2 + 2j; p + 2j + EF'ss) 36 fb!
L scalar LQ (pair prod.), coupling to 3 gen. fermions, f =1 M <1.02  1811.00806 (2T +2j) 36 fb!
scalar LQ (single prod.), coup. to 3 gen. ferm., M <0.74  1806.03472 (2T +b) 36 fb!
Zp, narrow resonance M 0.0115-0.075 1912.04776 (2p) 137 fot
Zp, narrow resonance M 0.11-02 1912.04776 (2) 137 fot
SSM Z/(qd) M 0:5-2:9 1911.03947 (2j) 137 fo~ !
[ Z'(qq) M 0.01-0.125 1905.10331 (1j, 1y) 36 fb~1
g Superstring Z, M 0:2=4.6 2103.02708 (2e, 2) 140 fb~t
= LFV Z', BR(e) = 10% M 02-4.4  1802.01122 (ep) 36 fb!
g Leptophobic Z' M 0.05-0:45 ©  1909.04114 (2j) 78 fo~1
[} SSM W(£v) M 0.4=52 1803.11133 (£ + Ef'5) 36 fb~!
2 SSM W'(tv) M 0.4=4  1807.11421 (T + EP'ss) 36 fb!
2 SSM W'(qq) M 0.5-3.6 1911.03947 (2j) 137 fb~1
LRSM Wg(ZNR), My, = 0.5My, M <4.4 1803.11116 (22 + 2j) 36 fb~!
LRSM Wa(TNg), My, = 0.5My, M <35 1811.00806 (27 +2j) 36 fb!
Axigluon, Coloron, coté = 1 M 0:5=6.611911.03947 (2j) 137 ot
L L

0.1

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

July 27 2021
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Most standard
searches have been

carried out with Run
2 data

Most analyses are
now aimed at even
more exotic
signatures and
models which have
not yet been covere

Also expanding
searches for Long
Lived Particles (LLP)
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UC\SD Search for resonances into three W bosons (hadronic decays) ».

e Search for decays via a scalar radion R AN | cMS-PAS-B2G-21-002

q q

— X->WR->WWW, Wae Wiy Jet

* The radion can decay into 1 or 2 reconstructed " ;\\% . T
large radius jets

am
]et =, % ]et _
N=3

* Results are combined with the complementary iy (G YO ooy

h . h I . f. I 100 3 o 100 frrmeemrrenmmrme g
search In the | + jets Tinals state | cms-pas-B2G-20-001 doepW>06{ o SR2 | SR3 deep W06
~"SR1 .
70 et L
— ~— (510 TORU————, S
Resonance mass spectrum in the 6 categories “ " deepW>06  deep-WH>08 P
R : . 137 1" (13 TeV) - Svo00 . : : 137 ' (13 TEV)‘_ R . . 137 15" (13 TeV) - ‘..’.,-‘ :“_,-' : SR6 :
2 0 CMS  Preliminary -g'c‘; e CMS  Preliminary igz; L 0= CMS  Preliminary -’g;‘; 4 . . . .
S 1of- SR1 N E S - SR2 N gam:_ SR3 " E H * 5100
= F [ = . Other = [ K H : : : S f
‘E 100" Systematic Uncertainty % Sy:amam Uncertainty ?,25027 } Eys:maﬁcun ertainty E 40 70 100 200 n:a -
F . ML= R = W= 4 E 4 - . M=D: E X
N oty el I st B S N e To, . T 3 mjmex (GeV) mmax (GeV)
3 0F ! E - ;
i 3 { E p CMS Preliminary 137 fo' (13 TeV) . CMS Preliminary 137 b (13 TeV)
-] 100 — — —_ < —_
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B o B ~ E i ~ 3.5} ¥ Expected = 1 Ossrkinit g \; 3.5F ¢ Expected = 1 Coxperiment s g
S iF ] 3 35 3 o« = - 2.5
& :;I.L u{l .l“n I “.‘le.._l.lu.ll; & 0.% 1 *1 I Ly } \\: § - Obsewedlelt 6 2 - Observedlen 10 ‘6
,Eiml'r'Tf || T T j’ y ANUREARA RN AR YRR RRAE: 3t 8 3 %
5 4 DasPresdonib,,, P 3 - Ctonb 2 Onee/ e = 3
15 2““ P;S = 3 35 = 45 5 15 2 25 3 35 4 4.5 5 15 2 2‘5l "’55 as " : 45 5 10 3 3’)
m, (TeV) m; (TeV) m, (TeV) 25 o 25| g
3}
- 137 0" (13 TeV) - 137 1" (13 TeV) - 137 12 (13 TeV) 5 g
SASAARESSS: = RSRRR T i T e s
E F CMS  Preliminary i;‘: __ 'IE; W0 CMS  Pratiminary i 2:.: __ fl__: 605_ CMS  Preiiminary i :;; _E 2 — 2 —
S - S = 1 S - E £ 10“"g
- — Othel - it Other B - r Other - —— e
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-001/index.html

< Search for long lived Heavy Neutral Leptons

UCSD
* Search for new HNL produced with mixing with SM neutrinos, CMS-PAS-EXO-20-009
final states with three charged leptons and a neutrino
*  For small values of the HNL mass (<20 GeV) and of the HNL- Several diagrams with LFV (Majorana N.)
SM neutrino mixing parameter HNL may be long lived and LFC (Majorana or Dirac N) are possible

T o my°Vf " -

.

* Search for three lepton events (e and u) with two forming a . "
displaced vertex and the third prompt . Wet | o

2D displacement of the dilepton vertex for events 2D exclusions in the plane mixing vs N mass

With 2 muons in the different categories 187 167 (13 TeV) e teTR(13TeY)
(\j_ T T 1T [ T T 7T L | T T T | T T 71 | T T ‘ T N T 1T T T L T 1T L L T T 71 T
1 o rom| | -2 - - - - DELPHI prompt |
o o 43Bh'(8Tey)  SP10PECMS \ L oeemaer 3 > 10°3CMS o DELPHIL
= 10° —e— Data DB Leptons m SB Leptons T SuS 3 prompt(2016) Preliminary  Eepected (2016)
GCJ CMS Conversions Total unc. —— HNL2 3 ; E:::gted + 10 ] _3 \ [ Expected = 1o 7
> 104 o - - - HNL6 e HNL12 10 — g;zzﬁmz 20 E 10 E g::::«:r:::ZU E
L Preliminary — ] ]
3 _ A ] ]
10 Hup pute pue 1074k 4 10 4
m{££) v mi{£e) m{£e) v m(£e) m{£e) v m(ee) E E F e
102 . <4GeV | >4GeV <4GeV | >4GeV <4GeV | >4GeV B ]
10°° R 3
107 4 107 E
Majorana 1 Majorana :
5 1 O_? el L b b b b P 1A 1 0_7 el b b e Lo b P I
‘;l_’ 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
% my, (GeV) my, (GeV)
[m]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-009/index.html

lesn Search for SUSY in HH(4b)+MET final states

* Search carried out for boosted (AR, < 0.8) and resolved (AR, > 0.4) Higgs to bb

(exclusive search enforced by giving priority to the resolved search)
TChiHH-G
GMSB model

e Search results are interpreted using simplified SUSY models

LSP . .
b-jet Event categories: _Boosted
4 . >
%” > ARy Resolved = Na=0 CSB
"""""""" . =
— )
bjetn,=4| SB SB [ M =1] SB
LSP g 4 | Several intermediate gluinos, charginos and neutralinos may contribute
= 8 [ NMu=2 '
N =3| SB SB £y SB to the final state
T oy [Gev] . e el s
w2 csB =B o H e Exclusion limit in the GMSB model
L] -1
0 100 140 200 5._ my, [Gevl E 106 LA I S B R T 13|7 rb T (1|3 Tey)
CMS imi Preit & it ¢ -1 et = [60,95] (95,145 [145,260] % 10° b~ gehfgnﬁarypp = X0 TR+ Ko = HHGG + Koot
Preliminary .”‘Pfe-flt  Post-fit Data ' 137 b (13 TeV) h ' 'mh lcev] S m(ig) - m(iﬁ) - m(ig! m(G) = 1 GeV
Resolved, High ARpmax : Resolved, Low ARjax : Boosted © 10'
3 g 4b g 3b ; 4b P1H i 2H @ o -
10° pRTIGe | pPTIGe | pRTIOeV) | pPTIGM [T (GeV] | b7 (GeV - % A’o%:;]reg:r Limit
7. 194 5y _—
30900000000 7004"00 Soeoot?oeoaoo “‘700 %% 000007 \\’00 %, 00000 0700%00 "osoo"o 2 )%gosoooa%;)oo Excluded at 95%C.L.: g e Expocted
B e § i o 102 [ %2 Ogyperiment
5 o TCh | H H'G . T - =1 Oaxperiment
2 1ol 0 e e
g 10 = 175<m-0<1025GeV | £ TS
i X1 .
1 T5HH: ) S
mg < 2330 GeV * Theory (%)
-1 o S -2 1L | L L L | L 1 L | 1 1 1 | 1 1 1 | L L 1
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-20-004/index.html

=
CSD

Search for h - aa - yyyy

Search for 4 isolated photons in the mass range 15 <m_< 60 GeV

CMS-PAS-HIG-21-003

A BDT classifier parametrized as function of the hypothesized

pseudoscalar mass m,, , is trained and used to optimize the g$> .

selection

* h(125) mass peak signal plus smooth background fitted to data

No excess seen and limits derived

Events / GeV

Mgy~ 15 GeV

CMS Preliminary 132 o' (13 TeV)
e e
FH-oaa— E
3 YYYY + Data E
E m,=15GeV — S+B fit 3
= e B component 3
F E+io E
= REE =
} =
T
E B component subtracted
*MjﬂLM 0 i T
10 120 130 140 150 160 170 180

m,,,, (GeV)

Events / GeV

Mg (hyp)= 20 GeV

CMS Preliminary 132 b (13 TeV)
L L L L L L L L B
45 H 5 aa > E
3 YYYY + Data E
*E m, =50 GeV — S+Bfit E
35 e B component 3
= (S 3
3; []+2¢c E
25 -

w

E B HL A o o
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P
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_
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i

L i L1
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-\
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|
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—e— Observed

---- Median expected

B 68% CL expected ]
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20 30

40 50 60

Talks of Antoine Lesauvage (Mon) 20


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-003/index.html

Long Shutdown 2 and Run 3 preparation
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~
UC\SD Long Shutdown 2 (LS2)
 Run2endedin 2018 and Run 3 will take place from 2022 to 2024 at CM energy between 13 and 14 TeV

— Pilot Beam Test Oct. 21, start of Run-3 2022 (stable beams expected in May)
— expected to more than double the integrated luminosity of Run 2

¢ 2019-2021, long shutdown between Run and Run 3 (LS2) HCAL readout upgrade

Highlights of activities during LS2
Mostly done, detector ready to close

HCAL HB
Run3, Phase-II

GEM detector first station (GE1/1) (first Phase Il upgrade)
installed during the COVID pandemic New beam pipe installed

ATy /i > _ : BN &y ' ¢ /3 >
* Cosmic Running started 2 weeks ago with the complete detector to get ready for the Pilot Test beam in
October

22
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LCSD Run 3 opportunities for Physics

e All analyses will be repeated with up to twice the Developed heterogeneous event reconstruction
integrated luminosity at HLT (CPU + GPU)

— Additional improvements in sensitivity from further * Already offload ~30% of reconstruction to GPUs:
developments, including ML techniques, and reduction of  ECAL & HCAL local reconstruction, pixel reconstruction
the systematic uncertainties and tracking.

* Furthermore, we will further improve trigger and - Important gains in performance at HLT (including scouting)

. . i line for Run 3 HLT f
non-conventional data taking methods (Data Current baseline for Run 3 HLT farm

Scouting and (B-)parking)

CMS Simulation Preliminary Vs =14 TeV

. . . . w T 1T ‘ T T T ‘ T ‘ T T ‘ T TT ‘ T TT |7
e Special attention to Long lived particle searches = | — HLT Run2 Tracking ]
-]
. . . > 1 = __HLT Patatrack pixel tracks
Pixel track reconstruction on GPU in tt events S (tight criteria) ]
E _,—_\_;_ HLT Patatrack pixel tracks
1CMS Simulation preliminary 13 TeV - CMS simulation preliminary 13 TeV < 107 (loose criteria) =
> - (O] yan E &
(@] E -~ - C ]
2 3 © 3 } ‘ : :
O 0'95 o 0‘18: tt event tracks ( (PU)=50) i { MET
S 0.8F  ®Reference Run2 < 0.16F ~ : ' 102E 3 Reconstructed
= E eRiemann Fit KAy r = 3
g’ 0.7 «Broken Line Fit o 0.14F :* =Reference Run2 4 - 1 With Particle Flow
c [ i i i i — r..w «Riemann Fit ; i .
< 0-65,#"""’ " E 012 roken Line Fi y 10°F + Based on pixel tracks
© 0.55— : .""u."",‘.m".m” A L S O | e A M S i 1 - ]
: - 248, e 104 .
]S S S S S S e o 0.06 ot e i g E
- L ' — -
0.2F = , 0.04% ' » " - =
r - L ~ . | l J l J l J l J l 11 l 11 l 11 l I . I7
DR i 0.02F ey o st 0O 20 40 60 80 100 120 140 160 180
:lllllllllllllllllll|IIl!!lllllllllllllllllllll||| :II|||IIIIilIIIIlllllllllllllllllllll|ll||l||||||| H .
-Qz.s -2-15-1-050 05 1 15 2 25 -%.5 -2-15-1-050 05 1 15 2 25 Missing transverse energy (GeV)
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Developments in view of Run 3

M
W

UCSD

 B-parking (" b\  Collected billions of unbiased B decays
— in 2018 we used low p; displaced triggers to save a sample of 12 billion events total
unbiased B hadron decays recoiling wrt the triggered muon Mode Naois /B B
* Parked trigger rate ~2kHz was reconstructed after the end of the run Za_si;s)i(de: Generic b hadrons
° ° . 0 9
— Enables several analyses on LFU violation currently in progress By =S L0
* Expect first approved results soon g Tg % 189 g? 13
. . . . . Signal-side: s RS . .
— Studying how to further optimize the trigger in Run 3 unbiased laons 12x10° o1 10
o . decays B 1.0 x 10" 0.001 1.0
Scouting Total 1.0x 1010 1.0 1.0
— Analysis based on a reduced data format and on the online Events for Rk and Ry analyses
reconstruction in the HLT farm (do not save the full event data) BY — K*4te- 2600 04 6.6x10°7
. = = + p+ p— i
— In Run 2 all analyses based about 5 kHz (~1 kHz of Particle Flow  \_ ) e e = oL
scouting)
— For Run 3 aim at running PF on higher rate, possible adding Kalman f'ltfersiz i:iarallel pr—
additional L1 triggers (use GPUs and pixel tracks ) g 1N t8CommicDu commissioned with cosmic rays
. 3 0.9*3;1?&11
* LLP improvements " osf- Iatfn
. . . . . . E oo
— Ongoing developments in the L1 trigger area with the aim to increase o7 e
. o . . 0.6 Track P, > 20 GeV *.4 H‘*‘T
efficiency for displaced signatures WS e T,
.5 =e=BMTF + g
* Increase efficiency for displaced muons 0.4 = Dispaced KBMTE ﬂf’* et
* Extend muon triggers to hadronic showers ¥ o B ,75cmf+*‘+ ' #
»  Out of time ECAL and HCAL at L1 02f- it
* Using HCAL depth information o1 *N i u
. O e st . s 7Y
— HLT developments also ongoing TR e e o

Track dy, [cm]
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CMS Phase Il Upgrades for HL-LHC

L1-Trigger HLT/DAQ Barrel Calorimeters

https://cds.cern.ch/record/2714892 htt:g;/L / Cds'tch'Ch/I re::cord/ ilzsfltSZo MHz with .
https://cds.cern.ch/record/2283193 WAL crystal granuarity readout a Z With precise
5 - timing for e/y at 30 GeV
» Tracksin L1-Trigger at 40 MHz * ECAL and HCAL new Back-End boards
= * PFlow selection 750 kHz L1 output
e * HLT output 7.5 kHz
* 40 MHz data scouting

The Phase-2. U&yade 9rlhr
CMS Barrel Calorimeters

M uon Syste ms Technical Design Report

ot st s b b b 1 gt 7

* DT & CSC new FE/BE readout CMS
* RPC back-end electronics

* New GEM/RPC1.6<n<2.4
* Extended coverage ton =3

Calorimeter Endcap

https://cds.cern.ch/record/2293646
* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

The Phase-2 Upgrade of the
CMS Endcap Calorimeter
Technical Design Report

TECHNICAL DESIGN REPORT

All shown Technical Design

Reports approved by the LHC
Committee.

Two currently under scrutiny:
DAQ/HLT BRIL

Tracker https://cds.cern.ch/record/2272264 '
* Si-Strip and Pixels increased granularity MIP Timing Detector

* Design for tracking in L1-Trigger https://cds.cern.ch/record/2667167
* Extended coverage ton = 3.8 Precision timing with:
* Barrel layer: Crystals + SiPMs
The e U ' * Endcap layer: Low Gain Avalanche Diodes

Technical Design Report

A MIP Timing Detector
for the CMS Phase-2 Upgrade
Technical Design Report

July 27 2021
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https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2283193
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2283189

<

UCSD Physics studies for HL-LHC

* The 2019 Yellow report gives a comprehensive review of the physics at the HL-LHC: =
— https://cds.cern.ch/record/27035727In=en

* More studies starting to appear the context of the Snowmass activities

* First CMS public results here: P e
« VBS measurement of W*W*and WZ t ; t =
at HL-LHC uses leptonic decay modes
of both W and Z where | = e MU Mode ~ WW reference frame Parton-parton reference frame
( ’ : ’ fraction (%) fraction (%)
— Extrapolated from full Run 2 | | WEW? 10.9 73
- WIwW 31.9 37.4
analysis WEW: 57.2 55.3
a CO_Ir_ltrIEutIO_ll_‘\S Cif - Uncertainty for inclusive Expected significance
Wi Wi, W Wt and Wi Wi are measurements for the detection of W W,
measured in the W*W*CM o 14Tev S — 14Tey
. e £ | cms | - | cms
FEfe renCe frame Or |n the |n|t|a|' *E i Phase-2 Projection § | Phase-2 Projection
_g 30 Inclusive measurements ] ‘g I
state parton-parton one S — Ewww s 7 . .
% 0 } :\;vnw\;z { § ...........................
CMS-PAS-FTR-21-001 "ok e ] LS |
N, L ;_‘ " pprestrame
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X Summary
UCSD
e 26 new analyses made public for EPS
— All Physics Analysis Summaries at the links CRUZET Cosmic RUn at ZEro Tesla
indicated and will appear shortly at: for detector alignment
http://cms-results.web.cern.ch/cms-results/public- July/August 2021

results/preliminary-results/CMS/index.html
— Physics Briefings at: https://cms.cern/tags/physics- (|t recorded: Mon i

br|ef| ng - . ‘ Lumi section: 28 II
e Run 3 preparation ongoing / \

— LS2 work mostly complete |
— Detector almost ready to be closed to cool down
and commission the magnet by October

— Currently taking cosmic data for alignment

— Many new developments ongoing for a
successful Run 3

N CMS Experiment at LHC, CERN
(_;MS _ Data recorded: Mon Jul 1 42:

* Phase 2 upgrades and High Luminosity LHC
— All Technical Design Reports prepared, last two \\ _ 7
under review
— More physics projections for HL-LHC starting to \ /
appear \ _ /
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Calibration of charm jet identification algorithms

Calibration method to correct the differential C-vs-B and C-vs-L discriminator
shapes for two main HF tagging algorithms: DeepCSV and Deeplet

— DeepCSV: DNN with higher level variables as input (simpler)

— Deeplet: : DNN with lower level variables as input (more complex)

gluon/light-flavour jets (DY+jet) respectively

x10° 41.5 o™ (13 TeV)
- CMS ¢ Data [ Judsg
Preliminary [ bottom [ Jcharm
n 2] MC Stat. Unc.
- Before
correction

B

n x10° 415" (13 TeV)
@ 160 CMS ¢ Data [ Judsg
- - Preliminary [ bottom [ charm
140 MC Stat. Unc. || SF Unc.
120—
100~
: After
80— .
- correction

B S T B
Deepdet CvsB

-k
o
©

107"

Light-flavour jet mistagging rate

1072

CMS Preliminary

CMS-PAS-BTV-20-001

 [terative fit procedure that exploits control regions enriched in b (tt), c (W+c) and

c-tag performance

415 o1 (13 TeV)

[t event;

| AK4Jets pr> 20 GeV

| Bl DeepJet c-tagging eff ‘\

| == MC only
- With SF

—TTTTT
. ™ _
\ \ ]
\ \ 1
\ N\ \\ 4
\ ~ 0.

8 |

————————

\
\
\

\
\

.. Deeplet |

I )

— 10°
b jet mistagging rate
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* Events withtwo W ora W + jets

Measurement of W Branching Fractions

CMS-PAS-SMP-18-011

(mostly from tt production) are used _ CMS LEP
B R f W . h 2016 d B(W — eve) (10.83 +0.01 &= 0.10)% (10.71 +0.14 £+ 0.07) %
to measure O wit ata B(W — uv,) | (10.94+0.014+0.08)% (10.63 £ 0.13 £ 0.07) %
: HP : B(W — TV ) (10.77:&0.05:&0.21)% (11.38:&0.17:&0.11) %
° T
Exploit pT as a way to dlstlr_mgwsh BW 1) | (67.46 20,04 £ 0.28)% -
prompt muons from muonic decays with LU
Of ta us B(W — EU) (10.89 + 0.01 £ 0.08)% (10.86 + 0.06 £ 0.09)%
L. . B(W — h) (67.32 +0.02 £+ 0.23)% (67.41 +0.18 £+ 0.20)%
* Precision slightly better than LEP
CMS Preliminary 35.9fb ' (13TeV)
CMS Preliminary 35.9f ' (13TeV) 5 CMS Preliminary 35.9f ' (13TeV) ® CMS
. 10 CMS LU (68%/95% CL)
-+ Expected (prefit) Ty Opcstat. -=  Expected (prefit) TTy Opcstat. LEP
4 Diboson (non-WW) T, Osyst. postiit QCD M, Osyst. postii
10 Z+jets “ sy:ap 104 Zjets e: D;tap W—ev,q (1083£010% —@= LEP LU
other H ¢ Da other o ! ¢ - # CMS+LEP
10° lgo®es N 22,N, 22, Z veto 3 o0, e l;jN.zz N, >2 CMS+LEPLU
> ., MU Ny =2, N =2, > 10 = o..' M:N;=2, Ny
S e S S o
L% 101 o L% 1 .:"' ____ .. Br(W — h) = 67.46 + 0.28%
..... RPN 10 W_>|Jvu— (10.94 £ 0.08)% ==
100 ...... S 100 .......... @ e |
10" 107"
1.5 1.5
U\E1 ) @000 e %0 o . .0 . } %:1 0 #%-o-0000e0. -2 94 T 4 t W — TV, 1 (10.772021)% ——@+==
- { ..... £ T TR L .
0.5 50 100 150 200 0.5 50 100 150 200 ‘ ‘ ‘ ‘ ‘
P1.u [GeV] PT, trailing [GeV] 0.100 0.105 0.110 Br(\(;i;ftv) 0.120 0.125 0.130
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< Search for Wy decaying to HNL

UCSD

* Search for new charged boson (W) and heavy right-handed

neutrino (N) under the LR symmetric model

* Analysis carried out with ee and pp and merged and resolved jets

c | CMIS Ppraiiminary 137 fb' (13 TeV) CMS Prefiminary 137 fb' (13 TeV)
c E [ = — N BN LA B LR LRI B B
o) ee Stat.+syst. uncert. a ee Stal.+syst. uncel
~ Resolved SR & Data 1 0~ Boosted SR ¥ Data
0 . |, Postit . 2] 3| Postfit .
c 10 B v E T 10 B e =
0] Zedets 3 [ Zedet
> >
[NH] - Nonprompt L - Nonprompt

1 02 Other backgrounds E Other backgrounds

i =i (m,, . m,) = (6000, 800) GeV 107 === (m,, ,m,) = (6000, 800) GeV =
| 4
10 T r

10

107 1

E . E ®] = E

mE 2 t = ®E o .
N T o {oamat +

Of000 2000 3000 4000 5000 6000 7000 8000 {000 2000 3000 4000 5000 6000 7000 8000

my; (GeV) m,, (GeV)

* Most stringent limits on the W mass to date

my, (GeV)

CMS Preliminary
T

ee

137 fb” (13 TeV)
R LR

o B M BN L I I —, ;
[ e Combined (exp.) 10 tl'-ln >
5000 [ ----- Combined (exp. = s.d.) 0]
C Combined (obs.) \_;
Resolved (obs.) 1 E
4000 — — Boosted (obs.)
[ —— CMS13TeV (Resolved, 36 lb")
B 0
3000 —

2000

1000

ee channel

3
L
95% CL upper limit on cross section/ Theory (gn

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

my,_(GeV)

* Formy=0.5m;(my =200 GeV), the mass of the W, is excluded at 95% CL up to 4.7 (4.8) and 5.0
(5.4) TeV for the ee and uu channel

a
o
o
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2000
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CMS Preliminary
ERRRERE

CMS-PAS-EXO-20-002

137 fb" (13 TeV)
CpTr

L BN N I R

T T T T
e Combined (exp.)

----- Combined (exp. = s.d.)

—— Combined (obs.)
Resolved (obs.)

Boosted (obs.)
~—— CMS 13 TeV (Resolved, 36 fb™)

up channel

95% CL upper limit on cross section/ Theory (g_=g,)

=l
i

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

my,_(GeV)

 Some excess in the high mass bin of the electron channel, max local significance 2.95 o (2.78 o global)

for (mys, My ) = (6000, 800) GeV
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FCNC in top quark and Higgs boson interactions (H — bb)

* Search for events with 1 e or u and at least 3 jets (at least two b-tagged)
* DNN used to associate the reconstructed objects to the matrix-element partonic final state

2017+2018 data

in the 5 categories

defined based on

jet/b-tag multiplicity
(2016 data combined

from publication)

CMS Preiiminary
T T T
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1

-

«  B(t > Hu) < 0.08% (0.11%)

 B(t—> Hc) <0.09% (0.09%) at 95% C.L.
(assuming one non-zero coupling only)
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CMS-PAS-TOP-19-002

CMS-PAS-TOP-20-007

Previous analysis with H — yy

Observed (expected) 95% CL upper limits on
B(t > Hu) <0.019% (0.031%)
B(t - Hc) <0.073% (0.051%)
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E Search for heavy resonances decaying to b quarks

* Resonances decaying into 1 or 2 b-quarks (e.g. Z’ or b*) CMS-PAS-EX0-20-008

— SSM has a Z’ with same couplings as the Z but with larger mass and is generalized in the HVT framework
with different couplings to fermions and bosons

— Three categories used for the Z’ search (2b, 1b and u), and 1 for the b* search (= 1b)
— Excited b-quarks b* can be produced in bg and qq interactions and mainly decay to bg

Expected cross section times A

Z’ analysis and limits Dominated by b*b production

- -1
2018 60 fb! (13 TeV) _— L L L L L LA | |1|3?f|b: g‘l?.lrelV) — 2018 60 1" (13 TeV) 3102:\|\H\‘wwww‘wHw‘wHw‘mm.‘Iwa?wfk‘)m(.\‘\SlT\e\\:/)
— T T o] I 4 imi F 3
S s T T €000 EMS 95% CL upper limits o '°F CMS Preliminary D L F CMS Preliminary 95% CL limits
G E  Preliminary Fi 3 — Preliminary = 10 9 it o> fit(5 par) - :
S L[ 2btag — Fit@par) 1 L1000 Observed 3 E ‘)E 10L —— Observed 7:
T1o'S —= N = e Expected 3 =, 1% Pad 3 [ Expected+ 1 s.d. 3
'5 10; 1 N 200f I :—: ; S:g gev?aﬂon N g 10 8 1i “ ™ EXP:(itjfii_Z s.d. ;
210k 4 2 100 + 2 std. deviation 5 E 1 E . — T TR AEm. 3
F —~ e HVT model A (gv=1)_§' E »
102k - L:‘; =~ HVT model B (g,=3) - 10t
: 20 Ll SSM Z' ] . 2
10 3 10 =  indi=197/32=06
E sindt =27.9/29 = = 10 £ Wde PP,
1= :’:ﬂf?;;it\s, B 2 B ] 10-‘% |rrT|1|”<2.'5, 1A <1.1
E ml<2.5, Ani<t.1 3 1 5 ¥ —
107 ol b b b b Ly TN il E 7)’
s AFTTTTTT T - - - 3
S 2
%,ggii#;ﬁ’%”“%*““’i**%l"{"'"";'"‘;% %21_| | | | | | ] * oAl T,
a _ f— —f . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N 2000 2500 3000 3500 4000 4500 5000 5500 6000 2000 3000 4000 5000 6000 Z' 7000 G 8\?00 2 3 4 5 6
Dijet mass (GeV) mass (GeV) 2 SRS 6[T 7v1 8 Resonance mass [TeV]
ijet mass [Te
’ [ [
Z’ bosons in SSM and HVT model A are excluded at 95% C.L. Excited b* quarks are excluded at 95% C.L.
with a mass less than 2.4 TeV (2.3 expected) with a mass < 4.0 TeV (4.0 expected)
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* 4 classes of decays (ut,, ut,, €1, et,) x 4 categories based on jets arXiv:2105.03007
(0, 1, 2 gg fusion and 2 VBF)

* No significant excess has been found, upper limits on LFV BF are derived
 The observed and expected upper limits (95% CL) on the branching fractions are:

— (H>ut)< 0.15% (expected 0.15%)
— (HQET)< 0.22% (expected 0.16%) CMS 137 fb™' (13 TeV) CMS 137 fo™' (13 TeV)

LFV decays of the Higgs boson to gyt and er

HTh’OJetS T i LB ‘ LB ‘ L ‘ T ‘ L ETh’OJetS

137 fo* (13 TeV) 137 th™ (13 TeV) 0.37 (0.33)% H — ut BDT fit 0.44 (0.39)% H — et BDT fit
[ LI L A A BN LA R [ L L R L U B - I - I
Z10° |r CMS 4+ Observed  []Zott 5 10° - CMS 4+ Observed  []Zott pr,, 1 Jet e Observed 3, 1 Jet e Observed
I 10° | ot , O jet B Z—ee/ox [ tt t+jets B 10’ B . 2 jets VBF [l Zree/oox [ tt t+ets 0.40 (0.43)% X Median expected| 0.68 (0.44)% X Median expected
= 103 " EEW Wiz [ Diboson < 10° B EW Wiz [ Diboson ut,2dets | B 68% expected |, 5 yes | I 68% expected "
o 10 [ JW+jets/QCD [SMH T [ JW+jets/QCD [SMH 050 (0.49)%
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BDT discriminant BDT discriminant 3 0 1 > 3 4 5 3 0 1 > 3 2 5
95% CL limit on B(H— pt) % 95% CL limit on B(H— et) %

July 27 2021 EPS Conference 2021 34


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-009/index.html

=
UCSD

Idea in 2018 was to use low p;

B-parking

L1 trigger rate

HLT rate

single muon displaced triggers Standard With additional low p; muon
to save a Sample Of unbi ased Fill 6259 L1 trigger rate ::‘:’b:'”:":'f’“"“ - j:'”“h'.""'"“ Fill 7108 L1 trigger rate ~ — Raiebefore deadiime  — — prescale change Fill 7108 HLT rate ::"r::':l'n:'"' jj:::::n:':-"w
- 1(103 7 ate after deadtime un change - X103 | R-teaﬂnrdfndﬁma ~— = Run change - : ]
B hadron decays = 120;%5 o= ‘ T 2 T C soo0l |
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Could record billions
Tag-side: :
of unbiased B decays . .
b—pX y * Enables more analyses on LFU violation
Mode Nao18 /B B
Generic b hadrons Several in progress
BY 40%x10° 04 1.0 :
Signal-side: ot 40x10° 04 10 — Expect first approved results soon
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U?D Scouting
* Analysis based on a reduced data format and on the online reconstruction in the HLT farm
— Do not save the full event data

* In Run 2 all analyses based about 5 kHz (~1 kHz of Particle Flow scouting)

* For Run 3 aim at running PF on higher rate, possible adding additional L1 triggers
— Profit of GPUs and pixel tracks for the reconstruction

Recent Run 2 analysis based on scouting data: | CMS-PAS-EXO-20-014 ¢
Zp
L,y is the transverse vertex displacement, Example of the decay h » ZpZp —» 41 " T ”
0.1 <l)<11cm ‘
CMS Preliminary 101 fb™" (13 TeV) CMS preiiminary 101 fb™ (13 TeV) ¢
E = T T T | T T T T T T T T T T T
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5197 0—11, . .
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%) = 3 e e .
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100 ] 10° | | M
- ' '160 ' ' 10 0:7 I 1 é :Ii zll é é % é 510 2'0 SI(I)’nZD [ztgevsio

Dimuon mass [GeV] 36


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-014/index.html

=
UCSD

Ongoing developments in the
L1 trigger area with the aim
to increase efficiency for
displaced signatures

— Increase efficiency for displaced
muons

— Extend muon triggers to
hadronic showers

— Out of time ECAL and HCAL at
L1

— Using HCAL depth information
HLT developments also
ongoing

— Profit of new L1 triggers under
development

p

— Improve efficiency for displaced

signatures in standard triggers

July 27 2021

LLP improvements for Run 3

Kalman filter at L1

CMS 2018 Cosmic Data

Efficiency
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Search for LLPs using muon CSC detector as a calorimeter
The number of hits in the CSC is used

tested in parallel in 2018 and
1 commissioned with cosmic rays

arXiv:2107.04838

Events are triggered using transverse missing momentum pointing towards

137 b (13 TeV)

the CSC hit cluster
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