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Run 3 status

. FMII == 0| X|= 13 TeV OlA] 13.6 TeV B 7} CMS-PAS-TOP-22-012
» 2022'd 72 Run 3 A[%510 202587 7S o8 : :
First measurement of the top quark pair

» Run 3%A| & 300 fb-' ol &5t= CI|O|E{ ‘H 4t of 7 production cross section in proton-
. Sy 40 Fp-! MEO| HO|E| & proton collisions at 13.6 TeV
[ o b

» =7| H|0|E{ = 0| &5} H|O|E

« 22 == Y X|0|A cross section 5 F

Tevatron combined 1.96 TeV (L < 8.8 fo™) P 2022
CMS combined ey, l+jets 5.02 TeV (L = 27.4-302 pb’) CMS Preliminary Sep 20

CMSen7TeV (L=5fb")

CMS l+jets 7 TeV (L=2.3b™)
CMS all-jets 7 TeV (L =3.54 fb™)
CMS en8TeV (L=19.7 o™

CMS l+jets 8 TeV (L =19.6 fb™)
CMS all-jets 8 TeV (L= 18.4 fb™)
CMSep13TeV (L=359fb™

% CMS all-jets* 13 TeV (L=2.53 b ™)
¢+ CMS t+e/p13TeV (L=3591b™)
x CMS l+jets 13 TeV (L =137 1™

- e CMSleptons* 13.6 TeV (L=1.2fb™)
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Data up to 2022-11-28 2022 (pp 13.6 TeV)

I cMS "mEm LHC Delivered: 41.49 fo-! |
[ CMS Recorded: 38.04 fb~!

ot | + ....... ]

Inclusive tt cross section [pb]

Online * Preliminary
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2006: Korea-CERN Program launch

« 2006: CERN-Korea Collaboration Agreement
 Won-Hwa Park, Ambassador of the Republic of Korea to Switzerland
« Rober Aymay, Director General of the CERN
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CMS Experiment at the LHC, CERN

Data recorded: 2011-Jun-05 09:01:21.346043 GMT(04:01:21 CDT)
Run/Event 166512 /337493970

(c) CERN 2011. Al ights reserved
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10 years after Higgs discovery
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« Combination of multiple results fitting
for coupling modifier

bb 27
Expected: 40
Observed: 32

Multilepton
Expected: 19
Observed: 21

bb vy
Expected: 5.5
Observed: 8.4

Expected: 5.2
Observed: 3.3

bb bb
Expected: 4.0
Observed: 6.4

Combined
Expected: 2.5
Observed: 3.4

Nature volume 607, pages60-68 (2022)

« Combination of HH results for the three

most sensitive channels (4b, 2b2t, 2b2y)

« Reaching ~3Xxsensitivity, expect SM
sensitivity with HL-LHC

cms 138 fb~ (13 TeV)
T T T
o, =Ky =1 —e— Observed ~ ----- Median expected
Ky =ty = B 68% expected

..... 95% expected

-

bb 1t

!
s

95% CL limit on o(pp — HH)/og,
3
r\>

-
o
TTIT

T
Combined

—eo——

-

10
95% CL limit on o(pp — HH)/aTheo,y

—8— Observed

---- Median expected
[ 68% expected
\:l 95% expected
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10 years after Higgs discover
y 99 y Nature volume 607, pages60-68 (2022)

CMSs 138 fb™' (13 TeV) CMS 138 fb~' (13 TeV)
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i = Theory prediction [ 68% CL expected ]
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Search for heaw neutrino JHEP 04 (2022) 047

« Search for a right-handed W boson and a heavy neutrino in proton-proton
collisions at 13 TeV

« my, < 4.7 (4.8) and 5.0 (5.4) TeV for electron and muon channels are excluded

. 138 fb™ (13 TeV) 138 fb™ (13 TeV)
/_a 10 | T T T T T T T T | T T T T | T T T T | T T T T ? — T T T TT I TTTT I TTTT I TTTT TTTT I TTTT I TTrTT I TTTT I TTTT I T A_,
€ CMS E % ~ - Combined (exp.) CMS 0 9
I~ 2
|55_ 10 my = 0.2 TeV = L_/ 5 [—-'-' Combined (exp. + s.d.) ee channel 2
E . 3 B P
g u Combined pp channel 7 < ~ —— Combined (obs.) S
3 10°¢ < S B 1 2
T g 3 4 |—— Resolved (obs.) =
o N 7] = =
; 10 = L —— Boosted (obs.) 2
= 2 3 C ___CMS13TeV 1071 §
B . -1
5 1 3 — (resolved, 36 fb™) @
= = L o
C B o
T 10'E - - 107 S
D. E .. 3 2 — =
o - ——— Observed limit ] L =
"b’ 102 e Expected limit - o =
= [N 68% expected 3 B -3 g’_
F 95% expected . 1= 10 Q
107 ——— Theory(g.=g) E 3
C - (@]
1 0—4 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 10_4 I?O\o
1 2 3 4 5 6 1 15 2 25 3 35 4 45 5 55 o
my, (TeV) m,, (TeV)



Search for four-top production
CMS-PAS-TOP-21-005

 Evidence for 4 top production

* Using events that have zero, one or two opposite-sign charged electrons or muons with full
Run 2 data

* The observed significance 3.7 o (1.5 o expected)
« Combined with published CMS results in other final states, the significance is 3.9 o (3.2 0)

g C:\:iPmﬁminary hsdicillidis g %0 C-h:,s,: sl sl CMS Preliminary 138 fb~! (13 TeV)
3" [enacn | 1400 Gev e i O MR Expected
gm el g |- 1.40 Bl Observed
"‘“: g m _— 1.40
190 ol _L
—— 100} —4 All-hadronic
) = : - _— —— 2,50
§ =t g |
% ol ' : : — é ok ' ‘ . . 558'3&6&4“&; 270
15 l 18] arXiv: . 260
g, e S g -;_+—_+_+—-+- e
= 3 ks % | il Combine 777/7/77/77.>°
® Mn ' E | B4 - oh 1 Mt; Y 04 06 04 : 1 resu 3.90
: BDT discriminant BDT discriminant G 1 S L 4‘1 .

Expected and observed significance of tttt



Flavor changing neutral current

JHEP 02 (2022) 169

« Search for flavor-changing neutral current interactions of the top
quark and the H — bbbar at 13 TeV

« Observed (expected) Upper limit
Br(t—-Hu) < 0.079 (0.11)% and Br(t—Hc) < 0.094 (0.086)%

0.05

137 fb™' (13 TeV)
T T T | T T T T

3
= -
w

T | T
95% CL upper limits
------- Expected
[ Expected + 1 std. dev.
Expected + 2 std. dev.
——— Observed

1 1 | 1 1 1 1
0.2 0.25
B(t—> Hu) (%)

0.08

0.06

0.04

0.02

137 fb”" (13 TeV)
T T T T T T | T

MS

T

T | T T T T T T | T T T
95% CL upper limits

------- Expected

P Expected * 1 std. dev.

——— Observed

Expected * 2 std. dev.

0.04 0.06

0.08 0.1 0.12 0.14
KHut
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CP Vi0|ati0n in tOp quark sector Accepted for publication in JHEP

 Search for CP violation in top quark pair production

« Using two variables :
« 0, - constructed from four-momenta of the charged leptons and the reconstructed top quarks
« 05 - four-momenta of the charged leptons and the b quarks originating from the top quarks

« Asymmetries in these observables are sensitive to CP violation

35.9 b (13 TeV) 35.9fb" (13 TeV)

3
°
o
®

LI | T]
wty- channel . - tt signal CMS ]
N (Oa>0) 128119 Il i other
N (0,<0): 27874 _BE B single t

oy
l:l tt+V
P D Diboson

/ Total Unc.

I"I" combined channel

o
o
)

Events / 0.1

Asymmetry in O
\\\T\\\T\\\‘\\\A

-0.02 Measured asymmetry

with total unc. ]

. —0.04 + Asymmetry from Im(d, ) samples |
-O -
g ]
Q- —
; ~0.06 - 68% expected _
g ¥ ]
e oogl—r v v v b b e b b
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Heavy lon result

* Nuclear modification of Y states in pPb collisions at ,/Syy = 5.02 TeV
* Production cross sections of Y(1S), Y(2S), Y(3S) and nuclear modification of R,p}, are

obtained
«103 pp 28.0 pb™ (5.02 TeV) %103 pPb 34.6 nb™ (5.02 TeV)
_I LI | L | L | L | L | LI I_ 4:_| L | T |‘| T | L | T T T | T T T | T TT |_:
161 ﬁ Pl <30 GeVic CMS - . pi* <30 GeVic CMS :
R 4_ | y"i<193 Preliminary R — 3'5; } y"1<193  Preliminary _
L 1af p! >4 GeVic ] Q 3— ﬂ p! >4 GeVic E
& 10:_ h! | <2.4 E S 2_5;_ ' | <2.4 =
5 8:— *? + pp Data ] 5 2; i ¢ pPb Data
P ~ f ? — Total Fit
%) C — Total Fit L2 150 .
o 6r 7 s vt Background
Lﬁ 4:_ ----- Background Lﬁ 11_ _____ R,y SCaled
2F 0.5 pque™ T
O L1l |--l"'J' L 4-:"-{.1-":::‘|“\| 1 | 111 | L1 11 | L1 |_ O I | | I I | | | | 1 111 | 1 111 | 1 1| |:
8 9 10 11 12 13 14 3 9 10 11 12 13 14

m,.,c (GeV/c) m,.,c (GeV/c?)
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LS1 : RPC
= RPC Gap & Chamber

- Phase-1 RE4/2 installed 98

LS2 : GE11, GE21, iRPC

» GE11 construction (complete)
= iRPC gap production
= GEZ21 foil production

LS3 : GE21, MEO

= GE21, MEO foil production

RPC X&Hd =7
GEM 7| N HXE =7

LS Long Shut down
ME Muon Endcap

DT

C8Ca
B RPCs

bon 2 Staton 3 Staton 4

W IRPGs
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GE1/1 8%| %! 2F

g & = o CERN Euopean Organization for Nucear Research _ camuscsan
" ‘.‘ - Organisation européenne pour la recherche nucléaire

-

Breaking news:
GEM (GE1/1) installation
completed last week.
First phase2 detector installed!

Y Important milestone for
« CMS collaboration as the
first complete Phase Il

= Upgrade detector, with a
F. brand new detector
technology, the GEMs,
complementing the

Muon system
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2nd delivery

“SCMS GEM'GE21




MTD R&D

« X1Z% Timing ZZ7| Phase Il &12{|0|E A0 EHo{E A=

-

« Two major areas

» Low Gain Avalanche Detector (LGAD) sensor development & test
= ASIC readout chip (ETROC) deviopment & test

ETROC1 Test set up at KNU | LGAD Sensor testing using laser at KU

trig

o Goal: full chain front- digitizer
end with TDC, 4x4
clock tree

o ETROC1
ico- d
o 4x4 clock tree, preamp . I;;lscsrsecon
+ discriminator + TDC - __ Large Scanning TCT
n Feb

¢ arrlve\
W
\ Y E

° This is the first full
chain precision timing
prototype

remote position
controller

board. LGAD sensor
s

a Full array full chain ETROC1 charge injection testing at FNAL = results good
0 ETROC1 and 5x5 LGAD sensor bump-bonded

o Laser testing will be done

o Test Beam (Dec — Apr 2021)
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= LHE MAMS EOS 2 RPC 8125 7|0 2271 E
H7I2 7| €M GEM foil M4 ST
= 0|2 7157| X ¢H4t SEHe 2 FHH| o|F
MTD (X115 ElO|Y HEZE7]) R&D A|&oI D LE
= 9Jlojn] £ 37 U LGAD MA X%}
= Bump bonding

2 3 X0 tj7ts =&
MOU X|Z =29

F
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Schedule for the future

202 202 2023 2024 2025 2026 2027 2028 2029
J|FIMAM|]|]|A|S|OIN|D[]|FIM|AM|]|]|A|S|O|N|D[]|FIMIAM[] | |A|S|O|N|D{] [FIMIAM|]|] |A|S|O|N|D|J |[FIM/AM[] |J |A|S|ON|D|] |[FIM/AM|] | J |A[S|ON|D|J [FM|A[M|] | ] |A|S|OIN|D[] |FIM|AM|] [J |A|S|O|N|D[] |FIMIAM[] |J |A|S|O|N|D
L Run 3 ] [ Long Shutdown 3 (LS3)
2030 2031 2032 2033 2034 2035 2036 2037 2038
J|FIMAM|]|]|A|S|OIN|D[]|FM|AM|]|]|A|S|O|N|D[]|FIMIAM|]|]|A|S|O|N|D|] [FIMIAM|]|] |A|S|O|N|D|J [FIM/AM[] |J|A|S|ON|D|] |[FIM/AM|] | J |A[S|ON|D|J [FM/AM|] | ] |A|S|OIN|D|]J |FIM|AM|] |J |A|S|O|N|D[] |[FIMIAIM[] |J |A|S|OIN|D
Run4 | LS4 Run 5
\
Last updated: January 2022
Shutdown/Technical stop
P hysi
tons  Should look ahead at least 20 years
ﬁ(a):;n\;llasrséocrl::'?mvivslts?otr)l?:;;magnet training ¢ Need to train younger generation

It is getting more important to communicate
between theory and experiment
- Data will guide us to the future

26



