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NUA®: pusmka @CMS NG

NMANADP: ocHoBHbIe HanpaBneHus B CMS

acumntoTudeckmne bOKIl-adpdekTbl B CTPYMHLIX npoueccax
6030H Xurrca npu 6onbwnx pT

anekTpocrnaboe obpa3zoBaHMe pe3oHaHcoB (VBF)

TAXenble pe30HaHCbl B MHOFOCTPYUHbIX COObLITUAX
AndpakumoHHbIe npouecchbl
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CMS: ny6nuvkaymm ﬂll_

Show all Total Exotica Standard Model Supersymmetr Higgs Top Physics
persyl Y 99 p Fhy

1.01.2010 - 30.11.2018

Heavy lon B Physics Forward Physics || Beyond 2 Generations

B27 collider data papers submitted as of 2018-11-25

CMS:
827 ctaten no hnsunke
HanpasBrieHoO B Nne4yaTtb

RUN 2: > 260 cTtaTten
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CMS: Habop paHHbIX B 2018 r"l‘“-

O 64/fb collected in 2018 (preliminary offline value)

O ~94% of the delivered luminosity
O Record for CMS!

O ~58/fb recorded with Roman Pots inserted and
Precision Proton Spectrometer detectors operating

O In total 150/fb collected in Run2

O overall data-taking efficiency ~92%

CMS Integrated Luminosity, pp, vs — 13 TeV CMS Average Pileup (pp, vs=13 TeV)
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CMS 2016: <pileup= 2§

B CMS Experiment at the LHC, GERN

{Data recorded; 2016-Oct-14 09:56:16,733952 GMT _ 7

) Run/ Event /1.: 283171,/ 142530805 /254 \\ ' 2% e
SN NN F

== In each recorded event, there are
— - — | ~25additional simultaneous interactions
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CMS 2018: <pileup> ~ 37 “lm @

136 vertices
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CMS Experiment at the
Data recorded: 2016- _
Run / Event / LS: 276528¥ 26

«10¢ CMS Preiiminary 129" (13 TeV)
0.22f ' ' !
02 MC smear
.= electrons o atn ]

Events/0.5 GeV

231" (13 TeV)

I T T T T
-__ C MS Preliminary —— data

muons s

Events / 1.0 GeV

Extremely well calibrated \
detector. a

Data-Pred

Excellent agreement in
simulation and data.
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Channel Date
H 17 May 2017
pp ttH Apr 2018
H bb, pp VH Aug 2018
3 W Z
\
q ‘' H

p—)-
L -~ pb+B
e pr(e+) =
224 GeV
CMS Experiment at LHC, CERN
Data recorded: Sun Aug 20 13:16:45 2017 CDT
Run/Event: 301472 / 634226645
Lumi section: 664
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Higgs boson decay to b-quarks: Momm_

,.1.
}. 'F F In the SM, the Higgs mechanism provides
[;,. (l.u/ masses to bosons and fermions

e Higgs boson discovery in 2012 opens a whole
new sector of the Lagrangian

_,!. ¢ q;'? (7U - z\ - e Yukawa couplings not required by EWSB

= ad-hoc solution to generate fermion masses

— Main questions to answer

+ LFE g ij Yﬁ%* L‘ ; - e Isthe SM structure of the Lagrangian correct ?

e Are the values of the couplings as predicted in
the SM ?

-+ V ( = Broad programme at the LHC

10




,;'1 SM Higgs boson decay @L_

H1ggs boson branching ratios
The Higgs boson couples to mass Observed decays: ~ 31%

= Many decay modes accessible at the LHC W o Zy
— bb largest BR ~ 58%
— Coupling to v+ or gg through loops

H — bb and Higgs boson couplings
e Total width not directly measurable at the LHC

= Only coupling ratios truly model-
Independent

e Hypothesis of SM structure of the loops and no
BSM decays

= bb largest BR: drives total width, thus mea-
surements of absolute couplings

e |f BSM particles allowed in loops and decays

Dominant bb decay: ~ 58%

= Measuring H — bb limits BSM branching
fraction allowed
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Higgs boson width to b-quarks upto N4Lq‘|‘||-

P. Baikov, K. Chetyrkin, J. Kuhn (2006) Chbp = rb w [1 + ZAF as(MH)]
A. Kataev, V. Kim (2008) m; > 1
b 5 2
I8 =3 28nG:My m2
: . DGE -
B S bbbar width  on—shell opproach .| % - - —bbbar width  RG approach
Q‘_'," g .,.\- ,_';'l
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EZ‘ VH(bb) @LHC: search modes ‘I“ﬂ-

Processes « 7ZH has additional gg induced
« /H and WH production diagrams

* Leptonic decays of Z/ W for bkg rejection and trigger

« 3 channels: 0, 1, 2 electrons or muons g !
— OO0 —
* H! bbdecays | 14 L

« 2 high-pp b-jets 9 0000}
« Possibly additional jets

\'
q q W q
\' \'
b b
N
q q H < q
b b
0-lepton 1-lepton 2-leptons
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@ VH(bb) results @LHC with 2016 data |||‘|-

* VH(bb) evidence at LHC established - _ 3591 (13 TeV)

ﬁ Z ] ‘ Data
Wlth 2016 data by bOth ATLAS and CMS E 200: CMS -VHt(bb)[u=1.2)
. [ - [] vZ(bb) .
— Detectors clearly demonstrated ability to deal g OpPPOYRESR e uncertaimy
with very high pile-up for such complex analysis q;":’ 150 E
 Signal strength uncertainty ~40% gmo} ]
& | ]
501 7]
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+0.40 0550~ "fo0 180 200 25
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New H->bb analysis: key elemeqm_

- Increased datasets
- improved b-tagging

- improved dijet invariant mass resolution m,

- high pT-kinematics
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e b-tagging: CMS

Continuous effort to improve b-tagging at CMS
— New pixel detector (4 layers)
— DNN algorithm (DeepCSV) with additional per-track information
— Contamination from q/g < 1% for efficiency ~70%

MC corrections derived on data with ttlevents

Good agreement between data and MC verified in all analysis regions
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Entries

Significance ()

Data set Expected Observed Signal strength
2017 3.1 3.3 1.08 +-0.34
Run 2 (2016+2017) 4.2 44 1.06 £+ 0.26
Run 1+ Run 2 4.9 4.8 1.01 £0.23
5.1fb" (7 TeV) + 18.9fb™" (8 TeV) + 77.2 fb' (13 TeV) 5.1 fo" (7 TeV) + 19.8 fb™' (8 TeV) + 77.2 fb™ (13 TeV)
107 e Observed
CMS ¢ D CMS = — t1o (stat @ syst
10°} VH, Hoobb B Sackground VHHopE v
Background uncertainty | | eeeas 2017
10° Signal + Background = +10 (SYst)
10*
Run 2 —e—p—— 1.06 £+ 0.20 (stat) £ 0.17 (syst)
10° 2016 SE S IO 1.19 £ 0.39
2017 | e h@uenns 1.08 +0.34
102 ;
10 Run 1 ——-.-— 0.89 + 0.38 (stat) + 0.24 (syst)
4 |
15[~ |
The .  — Combined e 1.01+ 0.17 (stat) + 0.14 (syst)
0.5t — I e ..,I....i....l,...l...,l....l....l..,.
= o2 2 Als A s 0 05 1 15 2 25 3 35 ¢
log, (S/B) Best fit u~

Ceccusa y4yeHOro LoBeta UwWbJ | IVIAW Aviy I\VI 40 AEeKaopA ZU1lo

1IVIAW @QCNVIS

VH(bb): Run 1 + Run 2 comblnm_
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CMS

= H(bb): production mode combination @m-

 Combination of CMS H—~>bb measurements : VH, boosted ggH, VBF, ttH
* Most sources of systematic uncertainty are treated as uncorrelated

— Theory uncertainties are correlated between all processes and data sets

 Measured signal strength is n=1.04 £ 0.20

<510 (7TeV)+<19.8f" (8 TeV) +<77.2fb" (13 TeV)

CMS e Observed
_ t1o (stat @ syst)
H—bb m— +15 (syst) ’
stat  syst . . o
aoF 2.80 2,08 + 1.30 Significance
VBF —_— 2534098+ 1.17 550 expected
| — 0.85 + 0.23 + 0.37 5 60 Observed
WH -.- 1.24 +0.29 £ 0.24
ZH | - 0.88 + 0.24 + 0.16 Observation of the H—bb decay
| by the CMS Collaboration
Combined . 1.04 £ 0.14 £ 0.14
o b v b v b b b b v ey

0 1 2 3 4 5 6 7 8 9
Best fit u
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Higgs boson decay to b-quarks NG

=
e CMS has reached a 5.60 observation of the H—bb decay,
with signal strength n=1.04 + 0.20
— Combination of several production channels, dominated by VH(bb)
— Result contained in arXiv:1808.08242 and provisionally accepted for publication in PRL

* Thank you to PRL and its referees for their impressive turn-around in reviewing the paper!

Published 17 Sep 2018 in PRL 121 (2018) 121801

77.2 6 (13 TeV)

« Standard Model assumption on Yukawa coupling ' CMS S
’ . el . " Supplementary & H”_>b5 Y

to b’s confirmed within the present uncertainty ono| I
B 223 S+B uncertainty

S/(S+B) weighted entries

+

 This result is the culmination of H—bb searches
that started at LEP, continued at Tevatron and
at the LHC

500 -

* Achievement possible only thanks to the fantastic T IR
m(jj) [Ge
run of the LHC, and the CMS detector performance W

— But is only a step towards the ultimate H—bb precision at LHC
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¢m3uka cTtpym B nepeaHem obnacru: ny6nmcaum%|mm_

Dijets with large rapidity separation:

-LHC 7 TaB:
CMS: Eur. Phys. J. C 72 (2012) 2216 - nepBoe U3MEepEeHMUE OTHOLUEHUEe CEeYEeHMUM CTpPyMh npm
6GonblMx MHTEpBanax 6bicTpoTbl > 9.4

-LHC 7 TaB:
CMS: JHEP 08 (2016) 139 - nepBoe u3MepeHue a3uMmyTalsibHbIX AeKoppensuMm CTpyM npm
6onbluMX MHTEpBanax 6bicTpoTbl > 9.4

Electroweak Z boson production with two forward jets:

-LHC 7 TaB:

CMS: JHEP 1310 (2013) 062 - nepsoe HabnopeHue B afApoOHHbLIX COoyAapeHMAX npouecca
anekTpocnaboro obpasosaHusa Z-603o0Ha

KOHEe4YHOoe COCTOsIHMe:. ABa NenTtoHa U ABe afpoHHbIe CTpyM Bnepen

- LHC 8 TaB:

CMS: Eur. Phys. J. C 72 (2012) 2216 - n3amepeHue B aapoOHHbIX COyaAapeHusX cevyeHue npouecca
anekTpocnaboro obpasosaHusa Z-6o3oHa npu 8 TaB

o(l1JJ) =174 = 15 (crar.) = 40 (cuer.) ®6, mIJ > 120IaB, 8 TaB

-LHC 13 TaB:

CMS: Eur. Phys. J. C 78 (2018) 589 namepeHue B aapoHHbIX COyAapeHMUAX ceYeHue npouecca
anekTpocnaboro o6pasosanusa Z-6o3oHa npm 13 TaB

o(113J) = 534 = 20 (erar.) = 57 (cucT.) ®6, mMJIJ >120rMsB, 13 TaB
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@ CMS 13 T2B: Dnekrpocnadslii mpoiecc Z + 2 CM

||||||||||||1[||||||l|||||1||§

o .
5 ] CMS Dimuon
"\9 10 —— Data 3
S 10° — :
> op quark 3
L Z + jets E
4 P EW Zjj .
10 — EW Zj §
3 S MC stat. unc.
10
102
10
CMS Collaboration - 1
EurPhySJ C78 (2018) 589 QEJ 0-55—"I'u;, ;iR:I;ca!Ieluplldc;wr; B L L § I
g ‘05:'_ I\Jgsluplld W? | | 1 1 | | 1 1 | 1 | I | | 1 1 I I_':& |

o (EW £433) = 534 £ 20 (stat) == 57 (syst) tb = 534 &+ 60 (total) fb
SM prediction o1 o (EW £/4jj) = 543 £ 24 fb
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CMS + TOTEM: pA-nuqopaxummm_

OndpakumoHHble npouecchbl Ha aapax npu aHepruax LHC

CMS+TOTEM pA data 2016 8 TaB NNc.m.s.
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CMS+TOTEM/PPS: audpakums |||m-

Total of ~110/fb collected in Run 2!

Several analyses ongoing:

Central (semi)exclusive production of high
mass lepton pairs

Anomalous Quartic Gauge Couplings
Central production of yy, WW, ZZ, yZ, tt
Missing mass searches

Search for axion-like particles

/fb)

Total Integrated Luminosity (

120

100 |

80

60

40}

20F

Integrated Luminosity 2016-2018

T T I
CMS Preliminary
B RP recorded (/fb): 111.14

5 B % 5 ) ) 3 B x4 Q
0 (@ g @S Q0 @O G S T 4B i
Date (UTC)
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CMS
= 3aKro4yeHume
NMNAP@CMS physics
- Dijets:
K-chakTop 7/ TaB: EPJ C 72 (2012) 22
K-dhakTop c BeTO 2.76 TaB: 3aBepweHne aHanus

8 TaB: 3aBepLueHue aHanu3a
13 TaB: npogonxaeTtcsa aHanus

asumyTanbHble gekoppensauun 7 TaB: JHEP 08 (2016) 139

13 TaB: npogonxaeTtcsa aHanus

- EWK Z 7 TaB: JHEP 10 (2013) 062
8 TaB: EPJ C 75 (2015) 066
13 TaB: EPJ C 78 (2018) 589

nosniHble gaHHble Run2: npogonxaertca aHanus

- CMS+TOTEM/PPS
andpakuua B pA 8 TaB: 3aBepLieHUe aHanun3a

Ceccusa YuyeHoro Coseta OPBI NMUAP HULL KU, 25 nekabpsa 2018 B. T. Kum

NMNAP® @CMS
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