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_.Meet the new CMS leadership team s*! The new spokesperson Luca Malgeri and the two
deputies Gautier Hamel de Monchenault and Jim Olsen will lead more than 5000 people for the
CMS collaboration for the next two years. J ) Read more about our new spokespersons here
& & https://cms.cern/node/1985
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Where do we stand ?
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arXiv: 2008.10521 (submitted to PLB)

“These heavy boson-boson
collisions inside the LHC
provide physicists with a
unique view of the subatomic
world.” 3t X fe fit 1 X
JER T LRI ) 455 400 A
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CMSHiEERs A boson-boson collider hiding inside proton-
proton collisions
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Production of polarized WW pairs SMP-20-006

Motivation

(1)

+ production of longitudinally polarized gauge bosons via vector boson scattering i - Ty
is tightly linked to the mechanism of EW symmetry breaking !

+ modifications of the production cross sections are expected in BSM models, - B, -
e.g., in scenarios involving additional Higgs bosons o} i N Y
+ the precise measurement of the cross section is a long-term goal of the LHC ) — < IVI S ﬁ p— }\
program i -
. ——
. . . 5 0 L ) _[’
First measurement of produc’uon cross section of CMSFrolminay 137" (13 Teb) R O be rto Carl | n %&‘fx
polarised W=W* pairs in pp collisions e e
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simultaneous measurement of W W 8WWy, or W W, &W;W; production
+ EW production with at least one W : - /
. Process ¢ B (Ib) Theoretical prediction (fb)
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at 1.17fb (0.88fb) obs (exp) Wily 12054y e i
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fiducial cross sections LH scan of the W, W, ;
in the WW frame cross section A
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Loop-induced ZZ productions at the LHC: Improved description

— . ) E= =N ==X Hs by matrix-element matching
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CMS-PAS-HIG-19-009
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CMS news?ik1E: Scrutinizing production
and decay kinematics of the Higgs boson
using its golden decay channel [F] FH 7 #%
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Two analyses (both 137 fb-1) were present
. CP structui

dec: cay planes in ph al d hh h nels 3

*  Mixing ai gl b etween CP-even (SM) and CP-odd coupling found 4
to be 4+17°

= Observed (exp d) signifi of sep. b

and pseudoscalar hyp th s3.2(2.3)0
= Studie: fCF’ iolation and nomal s H coupling to V and
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top-q
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1 scalar

measurement of
Htt couplings, interpreted in the
theory

= CP-sensitive parameter £’
value.

, hadronic jets, or a

up to five HWV, two Hgg, and two

framework of effective field

n the H couplings to gluons best-fit M '

= £ = 053403} (obs) 0+ 1 (exp)

relation between :;» é

CMS—PAS—HIG-20—OO6
(CMS Pty 137813 7ey




(H - OET AR AR 5 BRI FICPA: Kt i 7L

7SS HPHE 4 (Run2 flashgg). UMK (HLT) | Jg 5 Fo o W00
TFAH. MCEBHMEIE. JTFREBZIE. MTMHRL 3 T2, o oo/
RS MM TR, RHop XL HeMshs & ™0 o)
S R — TR e 0

30f

S/(S + B) Weighted Events / GeV

o WK A IS ttH(yy) R B O A & 5 TS o i 2
GFM (CP) HFllE, 205 FRR3oAbR. ¥R & o
PETIRR R 2 B 5, AR S5 G CRMERNIRNNIL % i .
5 " N _(GeV)
o JET A HFRun-25045 /4T K fEPRL "
o T EM:: 6.60 obs. (4.7c exp. ) £ ‘ggcmf pata | g — ‘"”evﬁ
. BT R R I T e i e/
2 70f —fer= oo ]
L E 1
60 68% L~ ] E
CMSSE46 20 e 29 [Hl i A “ Photon pairs 50 AR
. . . . . 40 R
111um1na.te the Higgs particle, top quarks, and their b E
connection” 20f 3
CERN courier 21&: First foray into CP symmetry N S — :
of top-Higgs interactions ont o "2,

LHCP 2020 CMS= 5 T AE 8



1+ —> € VetV +Th*+V,

ttH - £8 RS W*ﬁ}_

o HEFRun 24 HHAR T, BASWNFILT o m:ﬂm"u[m -
— S UDNNAT T ZRIRAF 407 S g
R AT R &

— R, R A Higgs-jet taggerss . \
— &R P fifun-blinding R 2 1

— KA CMS-PAS-HIG-19-008 KA. AR
3 %ﬁgﬁf§2014fﬁ7§§j‘]ﬂi§§l{%§§j\*ﬁ, E‘ééjx_\%z CMS Preliminary 137 o' (13 TeV)

WU, i %A T om0 33 [ 51 2 bt
2lss +0t, | p=1017% | '
- SEREIIA TS RS SAE= S
— B SCEEAIPAS ieditor | Exp.520
3+ tr, p=152%"
* PAS-HIG-17-004 Pre-approval | = -
N . Sl 0l + 27, p=222"2%
- REEEHMZ A E R Gk &
T
CMSSEEG2H J 58 i) iH A “ Higgs playing with Pest (18

top in singles and doubles” BRETMHRBERS 9



H- yyr= A ek mil =
CMS-PAS-HIG-19-015

o XA TR MR AT RS AL BT 5T, IR AR SR ER A P e,
TR R PR ER AL )T R

137 b (13 TeV

(9
=
w
Y|
o
5
S
D
=L

% X = ﬁ /AR é B o Observed ]
P ﬁ‘ Ve l[‘ m 102 E 57 =
E I +1o (stat @ syst) 3
PR RERRIE & F :
0 ZUNTHA ) F6.6"; 12 B sio(syst) -
—L o) — 1(:j 5.9'47 U . SM d N
T-as
SYR itk cEr 1 . o
UR 7N - 2802 L s | 2ty 3
— ! +0.! o
She  JE ML - i e it o077l
Z E ~ ]jl ~N H—)yy, Iy l<25 1 <081 0 55097 ’
= 1= H I 05302 040055 © 0020 —
E ) . 022 I E
/fii:,“ Iz‘ﬁ YN ; [ H/\J D'T_P" ?ZE\E = STXS stage 1.2: maxima I 3
L.) JI_\I ~ my=125.38 GeV, Py = 62% I —
/rg) ‘![’/f—/\w‘v"f/b*% B
vJ T [Eﬂ jEé s 3.5 |
N, N \ = 3
» Te=r wn
T AR T = D2
=
|
o 15
g o5t ] |
0
o e - e e - LA e é % g é % E. 5. %
2 =) H ® S H B 5 0 ] w T o T T
y = S £ = > £ = Q L @ > T = N
S 3 - 2 > o 3 ] I o T T 1>
T = LT =T T T N A o) oy g
o =] o [=] [=] ) I I (=] o

R RRRTAE T HESR . FOIfil A . Sb 740, MCRIMELE. St TREEZIE. H

TR LR ST TS H DTk, 2 CMS A= ) i 2 —
10



BN T4k A A% B A 7 AL

o T H-ZZ-4157H71, AU E 7 ‘
AR BT/ T T4 S
“H—ZXorH— XX o s

o FRun-24 HH0HE R E 2 WL ECMS- | ;

PAS-HIG-19-007

~ KRS (R TR SRkl TR
SEVHEAT T 203K

— BRSPS THESE . B FROR & |
SR REARIE IE S 07 T T 252 5Tk i

CMS Freliminary 137 b (13 TeV)

Events / (0.5 GeV)

Data/MC

o =~ N w

Oopowans O
T T T 17T

RoIpowns




SERTNE TSR
CMS-PAS-EXO-19-015

o BTSN ZHEATE, " LUBR AT — sy BB
I ¥ AR SR R
o RHTEEFTHITNS Fi+M T+ T ARSH A A=A = R
SEETEW
o ST I SEBEHIRuN2ELHE, 43t T H R s A AR Y B IR .
o RMAEHTIEAEDMTERARN, FHHINE %3k 5

137.2 ™ (13 TeV) 137.2 o' (13 TeV)
—_— T L Y N N B B S O B B B B B — CT 1 T T T [ T T [ T T [ T T T [ T T T [ T T T [ T 17T ml
8 1k — Observed - "é "CMS —— Observed ]
5 E N e Median expected | g Median expected |
= [ 68% expected — E I 68% expected E
9 107" [ ]95% expected | ? - [ ] 95% expected
T —o(pp—=LQALQ) 3 a olpp—~1LQ),C=1.0"

— Q —

8 €
©1




DeepAKS

TR BE 7 ) I EPREROR
Jb K 4H 7Tk T Scale-Factor, Mass Decorrelation Tagger-

DeepAK /i NCMS Boosted Tagger ) # bt
JINST15 (2020) P06005

CMS-DP-2017-049
10.1007/JHEP10(2017)005

( Many output

» Deep AK8 takes advantage of this additional information
» Includes particle and detector-level
quantities (tracking, vertex formation)
» Individual jet constituents as inputs

» Uses convolutional NNs to take advantage of

nearby correlations

Inclusive particles

features
.

particles, ordered by pr

Charged particles (Tracks)

b e,

—
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g
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i
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connected
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Higgs

Top

Qcb
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H (ce)

H (W*—qqqq)
top (bcq)
top (baq)
top (bc)
top (bq)
W (cq)

W (qq)
Z (bb)

Z (c0)
Z(qa)
QCD (bb)
QCD (co)
QCD (b)
QCD (c)
QCD (others)

EMS/ ~ CMS Experiment CERN
@CMSExperiment

A recent paper by the CMS collaboration uses image
recognition #MachineLearning methods (like those
also used in mobile phone facial identification) to
better understand the particles produced at the Large
Hadron Collider. Read more in this briefing: cern.ch
/go/8z8H
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e XE / PASS rh E] 28 A9 Sk
Runll VBS Zy CMS-PAS-SMP-18-007 K: 2 ATA, F. FHRE
Runll VBS Wy CMS-PAS-SMP-19-008 X: o ATA, AF. FHIRE
Polarized VBS CMS-PAS-SMP-20-006 X: FHRE
VBS 77 CMS-PAS-SMP-20-001 Jt K : loop induced ZZ A JRAE 1A R 5
#r
Heave Jet Tagger | CMS-PAS-JME-18-002 4t K : Scale factor; Mass
Decorrelation Tagger
New physics CMS-PAS-TOP-17- AAt: FZRE
search with top 020/EPJC79(2019)886
ttH (yy) PRL 125, 061801 (2020) AR ECPME 7 d MR TR, XL
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10 H->go % & | & CMS-PAS-HIG-19-015 AR K F % 77 @l Ak, RCMSA 3L
P .
1 HH (bbgg) CMS-PAS-HIG-19-018 FHRIEL
12 ttH % 418 CMS-PAS-HIG-19-008 SR EIEMIDNNT £ R A FH o 4T R
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13 BEkF. KiFF | CMS-PAS-HIG-19-007 AT A NBRTHEMNE, EFHEAGE
F*,
14 BT 55 CMS-PAS-EX0-19-015 SR PT . F RS
15 77->41#% & %aTGC | CMS-PAS-SMP-19-001 SR ARBTAEREREMT, fhE
2 arXiv:2009.01186 DHAE L2 T
16 pPbt & ¥ Drell-Yan | CMS-PAS-HIN-18-003 AL DATERAAN, MFH. FHIRSE
T4
17 A FEART CMS-PAS-GEN-17-001 S RE AT W ARIR L
Eur. Phys. J. C 80 (2020) 4
18 eﬁnyﬁ #., L7l | CMS-PAS-EGM-17-001 mARPT: R UATREZEGRIE. AT 4
RE. AT 70, * # A BH5MCHY L Xt
19 B- K*uu &5 # CMS-BPH-15-009 X: aFFHHMESKL




20204 =B EHEETEAICMSITE/PAS

1. SMP-18-007, AN-2017/053, JHEP 06 (2020) 076, Measurement of the cross section for electroweak
production of a Z boson, a photon and two jets in proton-proton collisions at sqrt(s)= 13 TeV and constraints on

anomalous quartic couplings; TH#. FHERE. XEHRE. SHHFA

2.SMP-19-008, AN-2017/060, arXiv: 2008.10521, Observation of the electroweak production of Wy in association
with two jets in proton-proton collisions at Vs=13 TeV; #is . #H&RE. CEHE. SHFEA

3.SMP-20-001, AN-2019/172, arXiv:2008.07013, Evidence for vector boson scattering in events with four leptons
and two jets in proton-proton collisions at sqrt(s) = 13 TeV;

4.SMP-20-006. AN-2020/045, arXiv:2009.09429, Measurements of production cross sections of polarized same-
sign W boson pairs in association with two jets in proton-proton collisions at sqrts = 13 TeV; #HZR%E

5.JME-18-002, AN-2018/107, JINST 15 (2020) P0O6005, Identification of heavy, energetic, hadronically decaying
particles using machine-learning techniques;

6.BPH-15-009, AN-2012/066, Study of the angular distributions and differential branching fraction of the decay
B+>K*+ mu+mu-, arXiv:2010.13968

7. Top-17-020, AN-2017/132, EPJC 79 (2019) 886, Search for new physics via top quark production in dilepton
final state at 13 TeV; Bk

8. HIG-19-013, AN-2019/186, PRL 125, 061801 (2020), Measurements of ttH production and the CP structure of
the Yukawa interaction between the Higgs boson and the top quark in the diphoton decay channel; Fi® . HFiZi#

&, XEHwE

9. HIG-19-009, AN-2019/095, Constraints on anomalous Higgs boson couplings to vector bosons and feérzions in
production and decay in the H4l channel; B&#R%E, SHFHaFA



2020 % = E P EBEEETEIRICMSIE/PAS

10. CMS-GEN-17-001, Extraction and validation of a new set of CMS PYTHIAS8 tunes from underlying-event
measurements, arXiv:1903.12179, Eur. Phys. J. C 80 (2020) 4; iz

11. CMS-HIG-19-004, A measurement of the Higgs boson mass in the diphoton decay channel, PLB 805 (2020)
135425; X &4, HiggsCouplings20194: £ 4 K3k %

12. CMS-HIG-19-013, Measurements of ttH production and the CP structure of the Yukawa interaction between
the Higgs boson and top quark in the diphoton decay channel, PRL 125 (2020) 6, 061801; X E4wiE2Zz —

13. CMS-SMP-19-001, Measurements of pp — ZZ production cross sections and constraints on anomalous triple
gauge couplings at Vs =13 TeV, arXiv:2009.01186, # X EPJC

14. CMS-PAS-EGM-17-001, Electron and photon reconstruction and identification with the CMS detector in LHC
Run 2; X&E4iEZ —, CWRE K

15. CMS-PAS-HIN-18-003, Differential measurements of the Drell-Yan process in the muon channel in pPb
collisions at at VsNN = 8.16 TeV, PAS public, CWR4; %, M HrHE R A, S i% ik

16. CMS-PAS-HIG-19-007, Search for a low-mass dilepton resonance in Higgs boson decays to four-lepton final
states at Vs = 13 TeV, PAS public, CWR%; it

17. CMS-PAS-HIG-19-008, Higgs boson production in association with top quarks in final states with electrons,
muons, and hadronically decaying tau leptons at Vs =13 TeV (unblinding talk), PAS public, CWR4: i
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18. CMS-PAS-EXO-19-015, Search for singly and pair-produced leptoquarks coupling to third-generation
fermions in pp collisions at Vs = 13 TeV; PAS public, CWR%; 7, T & 1% 4K 1

19. CMS-PAS-HIG-19-015, Measurements of Higgs boson properties in the diphoton decay channel at \sqrt{s}
=13 TeV; PAS public, &4k

20. CMS-PAS-HIG-19-018, Search for nonresonant Higgs boson pair production in final states with two bottom
quarks and two photons in pp collisions at Vs = 13 TeV; #E ACWR, & %k

3Pk FE L A

Chaochen Yuan et al., “Producing and detecting long-lived particles at different experiments at the
LHC”, arXiv:2004.08820

Conggiao Li et al., "Loop-induced ZZ production at the LHC: an improved description by matrix-element
matching", arXiv:2006.12860

Junho Lee et al.,"Polarization fraction measurement in ZZ scattering using deep learning", Phys. Rev. D
100, 116010 (2019)

Qun Wang et al., “Production of Z-bosons in the parton branching method”, PRD 100, 074027 (2019)
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1. Experimental status of b->s(d)mumu transitions, Dayong Wang, FPCP2020, 8-12 June 2020,
(Spain) .

2. CMS Higgs cross section combination and EFT interpretations, Meng Xiao, Higgs Couplings
2019, 2019/10

3. Latest calibration methods: CMS, Joshuha Thomas-Wilsker, HFT2020: ATLAS-CMS
Flavour tagging workshop 2020, 21 Apr 2020, CERN, Video only (Switzerland)
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1. Search for new particles in the process of ZZ*->41 at CMS, Qianying Guo, EPIPHANY?2020,
06-06-11 Jan-2020

2. JHU generator framework new features for Higgs boson studies , Meng Xiao, ICHEP2020,
2020/08

3. Latest experimental results related to the initial state, Emilien Chapon, LHCP2020: The
Eighth Annual Conference on Large Hadron Collider Physics (LHCP2020), 25-30 May 2020,
Video-only (Virtual World)

4. Recent results on hard and rare probes from CMS, Emilien Chapon, LHCP2020: The
Eighth Annual Conference on Large Hadron Collider Physics (LHCP2020), 25-30 May 2020,
Video-only (Virtual World)

5. Recent ttH Measurements with CMS, Joshuha Thomas-Wilsker, LHCP2020: The Eighth
Annual Conference on Large Hadron Collider Physics (LHCP2020), 25-30 May 2020, Video-
only (Virtual World)

6. Higgs cross section measurements in the four lepton final state at CMS, Tahir Javaid,
Epiphany: XXVI Cracow Epiphany Conference on LHC Physics: Standard Model and Beyond,
7-10 Jan 2020, Cracow (Poland)
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Measurement of the cross section and constraints on anomalous quartic couplings from
VBS Zgamma with CMS detector (poster), Ying An, LHCC, 19 Feb 2020, CERN
(Switzerland).

Constraining nPDFs with Drell-Yan production in pPb collisions with the CMS
experiment, Emilien Chapon, HardProbes2020: 10th International Conference on Hard
and Electromagnetic Probes of High-Energy Nuclear Collisions, 31 May-5 Jun 2020,
Austin, TX (United States) online

Higgs cross section measurements in the four lepton final state at CMS, Tahir Javaid,
Posters@LLHCC: Students' Poster Session at the 2020 Winter LHCC meeting, 19 Feb
2020, CERN, Geneva (Switzerland)
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Tracking #H tracking validator 2020.03-
EXOTIC /3 #réH Anshul Kappor / Electron Object 2018.04-2020.09
Expert
EXOTICr#r2H Ram Krishna / F3Z TN 2019.12-
Sharma
FEHETH Duncan Leggat generator operator 2020.1-

41



ZIEFRFER — CMS Data Analysis School

JE R KEF2019412 H9H £ 13H 2573 | 5522)mCMSDAS [ B4
IR, AT . SEEFEASAN . HREUT0AS N, RS
5 AN#84N, BFHCMSSLEH % 5 ARoberto CarlinZ#% . iX&
CMSDASHH, & LHCSE 56 4H L 528 B IR AE A B R PG 2547, X T nom
N & AR ARG B X CMSH & 1E A BB = X,




ECMSSELS H v B IR St 3R

1= BE BT AR A AE e £2016.09 2 4 4H - Management Board member (MESZR A 5
NGRS ARSE A

b K FE #2020 535 %30 /F Thesis Award Committee Member

WK H #52019.09 % 4 ACMS CB advisory board member (&1 25 8 7] 25 72 &),
2020.102 4 ACMS diversity office member (£ JCZ: 1 &)

Jb AR JE K BAFH 24 CMS Authorship Committee i i1
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« EREFTTE L J5Efe Yazgan3kif520194ECMS Achievement Award3& #
(2019F&{F£B1E28 AFK1Ei%IZIN)

Efe Yazgan Chinese Academy of For his work in the validation tools for
Sciences generators and for sample production.

Efe 2016400 A\ 5 BEFFCMS4., 2017-20194E3H/TECMS Generatordl B4 A (L2)

o LT 5] ik B e 1 1t 3545201 94ECMS Achievement Award 35 52
o WIEEREFTIMEE — At 5

https://cms.cern/content/achievement-awards-2019
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ABRUAEL RS 5205 302, B RIAE 70 M A A 2 S PR DOk, M A

20165EEHE 49 M 45 3R K K AECMS-PAS-TOP-17-020, EPJC 79 (2019) 886
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