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CMS DETECTOR

Total weight

Overall diameter : 15.0m
Overall length ~ :28.7m
Magnetic field :3.8T

CRYSTA

ELECTROMAGNETIC

CALORI
~76,000 sci

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Total Integrated Luminosity (b ')

)
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30
20

10+

L

METER (ECAL)
intillating PbWO, crystals

STEEL RETURN YOKE

: 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Pixel (100x150 ym) ~16m*
' Microstrips (80x180 pm) ~200m? ~9.6M channels
—— Niobium titanium coil carrying ~18,000A

4

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC
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SUPERCONDUCTING SOLENOID
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& Future Expt.

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

.\‘\Nd 3\0“

m— 2010, 7 TeV, 45.0 pb !

2011, 7 TeV, 6.1 b '

m— 2012, 8 TeV, 23.3 b '
—

2015, 13 TeV, 4.2 b !
2016, 13 TeV, 40.8 b !

-~

60

|,, CMS: a generglurpose detector at the LHC

| Broad physicgrogramme
[* A Studying theSM(including theHiggs boson)
l» A Searching for extra dimensi@nd DM particles
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Higgs production and decay

CERN YR 4: arXiv:1610.07922
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Individual signal strengths (production and deca
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Individual signal strengths (fermionic vs bosonic
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CMSonly x "YQ ¢ “"Y'Q results
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Alndividual signal strengths in threain

Higgs decay channels compatible with 1.0 wgges
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Events/0.02

L1/ O CMS Preliminary 35.9 fb! (13 TeV)
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CMS Preiiminary 359" (13 TeV)
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CMS Preliminary

OO 1 Tcouplings
Measurements of coupling |
modifiers ?
A To photons and gluond (,II ) *°
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‘00 1 rdifferential fiducial, 2™
CMS requires two higf) isolated photons

within the fiducial volume

No classification based on production mode, ”
implicitly focus onQ Q0O 60
Event classification based on mass resolutiorf®
estimator,, 7a improves sensitivity by 10%.,

Simultaneously extract signal and unfold 30
distributions using a ML fit ~\spASHIG17-015 20
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CMS Preliminary 35.9fb" (13 TeV)

o O 'y Z O ~ VH-hadr. tagged
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O T (Ol CMS PAS HIGB-041 | [l 3 inessed | o Vitiept tagaea

o 4 _= VH-MET tagged

e 2e2u —» VBF-2jtagged _, fiH tagged 1.2

Events / bin

Signal: =
A 4 isolated leptons@ * ) with excellent

momentum resolution: two pairs of same
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¢ q9Q :
A Fully reconstructed mass peak 042
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0.21 |
— 0 , i
. ; v (m° @ ) T St e
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Backgrounds: > Lo IR BT
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from MC < eof Sz
- . «2 C 0922, 27"
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L L

estimated from datadriven methods

A Events split into 7 categories according to Higgs 30;
productions modes tg increase sensitivity, based ,,-
on: # of leptons, # ofi¢)jets,O  and i

selections on kinematic discriminants ( ) oF
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CMS Prep‘:mmary 3591 (13 TeV)
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"O0 tafiducial cross section;;jg

Minimal dependence on the

51f7'(7 TeV), 19.7fb" (8 TeV), 359 b (13 TeV)

assumptions of the relative g
fraction or kinematic distributiong

6

of the separate production Modes 5

4

No significant deviations from SM ,

oredictions

| Requirements for the H — 4/ fiducial phase space

| 2

Lepton kinematics and isolation

Leading lepton pr pr > 20 GeV
Next-to-leading lepton pr pr > 10 GeV
Additional electrons (muons) pr pr > 7(5) GeV
Pseudorapidity of electrons (muons) 7| < 2.5(2.4)

Sum of scalar pr of all stable particles

1

within AR < 0.3 from lepton <0.35-pr

Event topology
Existence of at least two same-flavor OS lepton pairs
Inv. mass of the Z; candidate 40GeV < mz, <120GeV
Inv. mass of the Z; candidate 12GeV < mz, < 120GeV
Distance between selected four leptons ~ AR(¢;,¢;) > 0.02 for any i # j
Inv. mass of any opposite sign lepton pair mp+ - > 4GeV
Inv. mass of the selected four leptons 105GeV < my, < 140GeV

-

CMS Preliminary
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- Systematic uncertainty
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CMS Pref.«mmary 359 ' (13 Tev)
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OO 1 mass and width amasmacus e Total s = Syt
LHC Run 1 Total  Stat. Syst.
Mass measurement based on 3D| amas #-yy F——e=——H 126.02+ 051 (+0.43 +0.27) GeV
fit on the CMS H—syy =i 124.70 £ 0.34 ( + 0.31+ 0.15) GeV
A Invarlant maSS ATLAS H—=ZZ -4/ | — m— 124.51+ 0.52 ( £ 0.52 £ 0.04) GeV
. CMS H—=ZZ -4 P 125.69 + 0.45 (£ 0.42 + 0.17) GeV
A eXpeCtEd uncertainty on mass | amLastems yy | —— 12507 £ 029 (£ 0.2540.14) GeV
A the discriminant | Amaswcmsa M = 12615 £ 04D (£ 037010 GV
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35.9 b (13 TeV) CMS Simulation Preliminary 13 TeV
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EXxcess |FDO "‘ T CMS PAS HIT5-043

Clearly visible at  Observed significance#o ,
Q P ¢ ®Qw Expected significances ,
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Higgs tal kignal strengths and coupling

Categories: Bestfit for the signal strength at P C OQAw

A O-jEt : PBT @ TE UL

A VBF

A Boosted Coupling modifiers compatible with the expectatio

35.9fb (13 TeV) 35.9fb" (13 TeV)
T T [ T T T T T T T T [ T T T T — 2
L ] M C °
| CMS _ ... CMs P
- Preliminary . © Preliminary + Be Sc,; it
i | 0-jet ] 1.6 :
i 4 02108 1 : ¢ Expected: SM H(125) %—0
- : 1 1.4
Boosted i Q
B 5 B 1.11%04 ] 121 a
-0.37 | r
VBF ] s T
O B 1.07 *0:31 ] 0p)
L 1029 4 0.8l <
Combined | i A
Sl Pl 08 0
— ] : =
- . 0.4F O
0.2F
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Best fit u = G/GSM Ky



A "00 14
A multilepton

In"0O° | randmultilepton,
significance o ,

Predrag Cirkovic @ QFTHEE 2017
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i 5 509
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< DD | ——— —0.2-08
muftileptons | I 1505 [
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Signal strength relative to SM prediction



N 7 O 55 Lepton+jets b Dilepton b
g VoV, Vo V,
Selected events 5 5
compatible with b b
1. Dilepton fminimal ° T o
non-colbackground, -
. : ’ - N
and jet qombl_natonc)s No clear evidence for o)JO(( © w) yet:
2. Lepton+jetghigh A Waiting for results from full 2016 dataset
Stat|3t|C3 11.4-12.917 (13 TeV) 11.4-12.9b" (13 Tev)
CMS Preliminary CMS Preliminary
§ : u  tot. stat syst.
\“_5. Dileot - , | .0.04 *1:50 +1.05 +1.01 Dilepton + ,
Q liepton H—= o 139 -096 -1.06 P
o
< . .
g Lepton+jets — -0.43 T105 0%y Toar| Leptontjets + '
O

...... Expected +1o
------ Expected +2¢

. | +0.80 +0.45 +0.66 ,  — ttH(u=1) injected
Combined H—l—'—lg 019 051 044 -0es Combined + ' —- Observed

4 6
Predrag Cirkovic @ QFTHEP 2017 1 10 22
CMSPASHIG16-038 Bestfit p = o/c_ atm, =125 GeV 95% CL limit on ju = o/G_ at m, = 125 GeV




00O © multilepton

Evenis

Data/pred.

Category Observed limit Expected limit +1c

Same-sign di-lepton 2.8 0.9(-0.3) (+0.4)

b Three lepton 25 (—0.4) (+0.7)

Four lepton 5.9 49(-1.7) (+3.1)

Combined 25 0.8(—0.2) (+0.3)
Category Observed ufit £10  Expected p fit £1c
Same-sign di-lepton 7(-0.5) (+0.6) 1.0(—0.5) (+0.5)
Three lepton 0(-0.7) (+0.8) 1.0(—0.7) (+0.8)
Four lepton 9(—1.6)(+2.3) 1.0(—1.6) (+2.4)

Combined (2016 data) 5(—0.5) (+0.5)
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