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In 2 nutshell

LHC Run 2 operation (pp collision at Vs =13 TeV) started in 2015.
CMS experiment running well in 2016.
Magnet on with field strength B=3.8 T.

e Physics: > 500 papers submitted/published based on LHC collision data.

* Energy barrier for probing TeV scale physics is overcome in Run 2.

* Present focus is for analyses of Run2 data =

e ~ 100 public results already.

e Few more analyses continuing with Run 1 data focusing on precision
measurements.

Many interesting results in near future as CMS accumulates more data volume.

Detector upgrades:

 Presently Phase | upgrade continuing well, some installations scheduled for next
EYETS .

 Phase Il upgrade for HL-LHC is being crystalized.

- Extensive R&D efforts during next few years.

— Technical Design Reports for upgrade of various subsystems during 2017.
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Example physics potential with L ~ 10 fb?  sngeteen - -
e 750 GeV mass resonance searches

Data collection in 2016 and Physics reach

CMS Integrated Luminosity, pp, 2016, vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-06-26 06:24 UTC
BN LHC Delivered: 6786.31 pb '
CMS Recorded: 6243.61 pb '

[ CMS Online Luminosity
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in high-mass mediator region

e Searches for X->VV with M, ~ TeV

 New vector-like quarks
e SUSY via EWK interactions

e Search for anomalous couplings

6/27/2016

e Data collection efficeiency > 92%
e Uncertainty in luminosity measurement
in Run 2~ 2.7%

Precision studies

* WH+jets, multijet studies, 2D/3D differential,
New processes

e High-mass final states : ttW, ttZ, tttt, multiboson

ICHEP dataset (5-10/fb)
l_._l

Predicted cross-section ratios

2015 dataset
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Soft QCD, forward scattering,
quarkonia production, Heavy ions



Total Inelastic cross section at Vs = 13 TeV

Experimental measurement within 3.0 <n <5.2 & -6.6<n<-3.0
Within full phase space of inelastic domain,
o= 71.3%0.5(exp.) £ 2.1 (lumi.) £ 2.7 (extrapolation) mb

FSQ-15-005

100 CMS rPreliminary 13 TeV
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g = M?/s ¢ = fractional momentum loss of the scattered proton

M= mass of the diffractive dissociated system moving in
a particular rapidity direction
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Charged particle production

e Soft particle production from low energy processes,
- test description of MC models with various tunes.
- underlying events accompanying hard scattering
— also important for description of pile-up.
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Energy flow in forward direction (3.5 <|n| 6.6) at Vs =13 TeV

Soft, inclusive inelastic event Non-single diffractive events
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e Consistent results with limiting
fragmentation hypothesis.
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Exclusive yy = WW production at Vs = 8 TeV

FSQ-13-008
P p* P p™® p P
S L \f W \f w- e No additional track in the detector
e e e other than decay product of Ws (e, )
p WO P e g e 3.4 o excess over background
(15 events vs. ~ 3.5 background expected)
- CcMS 19.7 fb' (8 TeV)
% - ¥Y — 1 1 (double dissociation) CMS 19.7 fb-1 (8 TeV)
ﬁ - ¥y — 1 p (single dissociation) E 35:_ Daa
-W_"“I (elastic) o F ) Wia2 sqd AWiAZ
- 7Y = WW (@Y/A%=1.5"10%, al¥/A%=0, A =500 GeV)
i o - g 80 C Ty — WW (a‘:f A?=2"10°, a"A=0, no form factor)
- oo o _ § 25:_ SM yy - WW - Inelastic yy — 1t
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e Acoplanarity of dileptons in e Best limits on anomalous
elastic process quartic gauge couplings !
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Quarkonia production at Vs = 8, 13 TeV
BPH-15-005

Events / GeV
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Nuclear modification factor in Pb-Pb collisions at Vs,,=5.02 TeV

For charged particles

25.8 pb ' (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)
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For D-mesons

25.8 pb'(5.02 TeV pp) + 404 ub ' (5.02 TeV PbPb)
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e Strong suppression of light and heavy flavours with
comparable magnitude over wide p; range
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March of standard model
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All resulis at: http://cern.ch/go/pN;j7

Cross section measurements at vs =7, 8, 13 TeV

All measurements consistent with standard model

June 2016

CMS Preliminary
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— Theory prediction
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Inclusive jet measurements at Vs = 13 TeV

72 pb™ (13 TeV)

SMP-15-007
arXiv:1605.04436
Submitted to EPJC

* Measurements up to jet p; =2 TeV
e Data matches better with cone radius of 0.7
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71 pb' (13 TeV)
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c x B [pb]

Inclusive W,Z production at Vs = 13 TeV

i 1 L | i 1 i I LI i I |

® M5 Preliminary, 43 pb” (13 TeV) W
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10°E =
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Center-of-mass energy [TeV]

CMS Freliminary

43 pb ' (13 TeV)

H#H Observation, uncertainty (exp.,
Uncertainty (lumi)

exp. & theory)

Theory: FEWZ (NMLO), NNFDF3.0
Observation: NNFDF3.0

W al*y
Cwenw Hie—t 580250, 160, 2410,
Twer e N s, a0, to6,,pb
B e 1910210 20, 20y, ""]|
et R
Wity 1 2l —e—1 g:x igﬁm 010,
W Ty 20T — o o 008y
C Wewrzent —h /  #i0me s0ts,
——g I

CMS Preliminary

 Measured values, including Vs dependence, S pomesy B
agree with NNLO QCD predictions Risone Omec WEDF20
e et
o(pp = ZX) x B(Z — p*u~) = 1870 £ 2 (stat) £ 35 (syst) = 51 (lumi) pb| | ene.. .
i H——H
e Ratios of production rates = tools to constrain PDFs o "
e W*/W- - valence quarks at low x Hﬁ;ﬁ
e W/Z = strange quark content of proton SMP-15-004 |~ ., L |
SMP-15-011 00 108 ot
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W/Z+jets production

 Fundamental test of predictions for QCD radiations.
e Theory calculation W/Z productions with up to
V+1 jet at NNLO or at NLO (up to V+2 jets, with 0,1,2
multiplicities combined) + parton-shower .
e Angular correlations sensitive to modeling of higher
order corrections.

G idn fob]

MG5Data

Jet multiplicity in incl.
W production at 8 TeV

Theory/Dala

e Background for many analyses

g
o : SMP-14-023 :
=>» contributions must be estimated well.
g Sy [F e
2 + aMCEBNLG | MLCY ]
_ ¢EMs 18.4 pb™ (8 TeV) £
'g gu_: [ g 102:
T b 2w /W oy e e e e . i
> : Jet multiplicity inincl. | T
“o b E"’" e Z production at 13 TeV 1o} o
3:— Dpowuecmmm.o SMP-15-010 : ik, (R =0.4
: oL o s0cev. i< 24 laassasasas
2__ l:l FEWZ CT10 NNLO -; Z.'r‘]—z pup channel , )
__’F,,s—-i'— Ratio of Zto W for g 'of
C . . . . = == S e L
1} —~ JT normalized p; distributions S el
= VP []Stat. unc. (gen)

e e SMP-14-012 )
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Transverse boost of boson (q;)

» Higher range of g; = quark-gluon hard scattering described by fixed order
perturbative QCD =» does not work as g; =2 0

* Low values of g; due to ISR, parton intrinsic kinematics,..

- best described by soft gluon re-summation or shower models

—> Experimental precision at low g; limited by systematic uncertainty
e Angular correlation between leptons: unique probe of boson q;
* Depends only on leptons’ directions = ¢* can be measured very precisely

8 TeV, ¢* normalized spectrum

19.7 b7 (8 TeV)

¢; = tan(= _ZM’) - sin(6})

-+
cos(0;) = fanh(q 5 1 ),

i

13 TeV, ¢p*absolute cross section

CMS Preliminary x10° 2.31b" (13 TeV)
|02;_ IWI“I‘32.1. h]l'l‘::2-4 E [ T T T T T T I T T T T I__
g Pt > 30 GeV, p! >20 GeV = F CMS Proliminary ~— Data .
i 60 GeV/ < M, < 120 GeV ;85 6 ’Eé/ Waﬁ E E —=— aMC@NLO ]
E 8 ssea,,, = E ge 1
. & ) L —— POWHEG
| ""- SMP-15-002 S -F = FEWZ A
2 1? .. :
s s SMP-15-011 kY _
";_‘?10";— ' . . 'I .
£ . af t :
C ¥*Z — ee (2012 data) . - L .
1025+ y%Z > pp (2012 data) . - '.o ]
"1 vz - Il (Powheg+Pythiag Z2*) s 2r . ]
|- L B 8
vl L | ool vl L
| B ] ]
o 12 i‘ (] i 1 - =. _
% I . ot L ni<2.4, p,>25 Gev . ]
L --.__‘.-l' o . -1
= L [ PDF set: NNPDF3.0 . ]
DO.B_—I . ) ) — L ||\||\[2 L |||||||1 L |M-_._|_._
107 102 . 107! 1 10 10° 107 1 ¢*
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Precision in W-like mass measurement
SMP-14-007

e Carry out W-like measurement using Z=> pu events (mask one p to treat it like a v)
=>» Proof of principle for high precision measurement of W-mass

Wiike Wiike —
CMS Profiminary \s=7TeVv (4.7 ") ‘ Mz ™7 Mz ™
Dur Sources of uncertainty [ pr|me | Bx | pr|mr| Bx
MZ -IG_MZPI:H]
2 b 1 otal unc. Lepton efficiencies 1 1] 1 1 1] 1
E = Stat. unc. Lepton calibration 14| 13| 14 12| 15| 14
@™ i Exp. unc. Recoil calibration 0| 9|13 o] 9|14
g c. o Total experimental syst. uncertainties | 14 | 17 | 19 | 12 | 18 | 19
' e e Alternative data reweightings 5] 4] 514 11| 11
9 P, 0 PDF uncertainties 6 51 5 6 5| 5
= QED radiation 22 | 23|24 23| 23| 24
S m i Simulated sample size 7 6| 8 7] 6| 8
2 Total other syst. uncertainties 24 | 25|27 || 28| 27 | 28
= E; 1 Total systematic uncertainties 28 | 30| 32 30| 32| 34
Lo v b v v by oy NI B SRS I R | 3 3
150 S00 B0 0 50 100 150 Statistics of the data sample 40 | 36| 46 || 39| 35| 45
MZW-“ke - MZF’DG (MeV) Total stat.+syst. 49 | 47 | 56 | 50 | 48 | 57
* Helps to validate experimental control of » Theoretical systematics cannot
-- muon momentum scale and resolution be directly translated on real
-- resolution in missing transverse energy M, measurement, though
e Achievable precision in W-mass measurement: < 20 MeV
K.Mazumdar 17
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Wyy, Zyy production and quartic gauge coupling at Vs = 8 TeV

SMP-15-008

19.4 o' (8 TeV)
- CMS ¢ Data
= Preliminary B Wy Signal
C1Zvy
[ Other Multiboson
I jet—y fakes
220 Total uncertainty

Muen Channel

Events / 5 GeV

q I~

o,

4 100 1 1'29 140
p! 7 [GeV]

ok - BR(W — fv) = 6.0 £ 1.8 (stat) = 2.3 (syst) = 0.2 (lumi) fb.
oid BR(Z — €0) = 12.7 + 1.4 (stat) = 1.8 (syst) £ 0.3 (lumi) b

* Wyy process observed with significance 2.4 ¢
e Zyy process observed with significance 5.9 ¢

* Upper limit on anomalous quartic gauge (dim-8) coupling: —37.5 < %f < 38.1
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Diboson productions at Vs = 13 TeV

e Measurements test SM prediction
e Theoretical predictions accurate up to NNLO
e Diboson are backgrounds to many searches = need to know the rates accurately

CMS Preliminary L=231b"(13TeV)
L T T T T | T T L} T T T T T T

—_ T —T—T —T —TT CMS Preliminary 2617 (13 TeV) 9] T T T ]

ie) T T T T CMSI = 35 T TT TT ™ TTT TT T T T TT T T T T +— - —

- — : [ —
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N L E ]

N 20 [ @ CMs22vchennel . < a0l L1 qq—2Zizy” = LI>J 350 [ Vy Non-prompt -

T A ATLAS 4l channel - F . gg-22 B - [ oy —+— Data ]
g o [ 1 gg—H-2Z E Systemali

O T ATLAS 4h212v c B ZWZ+X . 300E [ Systematics e

- _ MATRIX NNLO (qq+qg+gg) L% 25 _ — E ]

s NNPDF .0 e b r C -

- ~ MCFM NLO+gg L 250 - E

NNPDFS.0, bed 1, = 1, = M, 20 F . 1

i 200F WW, Ojet -

F C ] F w& 3

10 — 151 : - 150 :_ $ $ _:

: 10 L o] 4 = = 1 00 :_ Q*} _:

- § ] Fooa s ]

5 _| 50 E (L i =

= : e »‘A 3

7 0 o [ T i e . PP P,
s | L | L | 1] Lo 0 50 100 150 200
. 100 200 300 400 500 600 700 EMSS [GeV
Vs (TeV) ma, [GeV] - [GeV]

o (pp~> W*W) =115.3 5.8 (stat) +5.7 (exp) * 6.4 (theo) + 3.6 (lumi) pb SMP-16-006
c(pp =+ ZZ) = 14-6:%:3 (stat)fﬁ;i (syst) £0.2 (theo) = 0.4 (lum) pb. SMP-16-001

o(pp — WZ) = 40.9 £ 3.4 (stat) 731 (syst) £ 0.4 (theo) + 1.3 (lumi) pb SMP-16-002
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Summary of diboson production at Run 1 & Run 2

June 2016

CMS P

CMS measurements
vs. NNLO (NLO) theory

Y

7 TeV CMS measurement (stat,stat+sys) —+—o——
8 TeV CMS measurement (stat,stat+sys) —+—e——
13 TeV CMS measurement (stat,stat+sys)+——e—+—

1.06 £0.01+0.12 5.0 fb"

Wy, (NLO th.)
Z7, (NLO th.) o
ZY, (NLO th.) —e—l

WW+WZ

WZ
WZ
WZ
Z7

Y4
Z7

WW F—t—0—t——

WWwW o —

WWwW — e+

1.16 £0.03+0.13 5.0 fb
0.98+0.01+£0.05 5.0fb™"
0.98 +0.01+0.05 19.5fb"
1.01£0.13+0.14 4.9fb"

1.07 £0.04 £0.09
1.00 £0.02 £0.08
0.96 £0.05 £ 0.08
1.08 £ 0.07 £0.06
1.04 £0.03 £0.07
0.82 £0.07 £0.07
0.97 £0.13 £0.07
0.97 £0.06 £0.08
08?i011i004

reliminary
[

4.9 fb
19.4 fb
2.3fb"
4.9 fb
19.6 fb’
2.3fb"
4.9 fb
19.6 b
2.6 fb"

0.5 1 1.5 2
All results at: i i 0
o oot 7 \_’{Productlon Cross Section Ratio: o,/ 6y,

Need to watch out!
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Top Physics
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Top pair production

| | | T T T | T T T | T T T
- i?%’i‘?"?%%”?ﬁﬁ‘?ﬂ egggw 95) cps Preliminary June 2016 |

B CMSen7TeV(L-5f)
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10 v CMSallets 7 TeV (L= 3.54 1) o 4 G(tt) @ 5.02 TeV , 26 pb-l

r Eﬁe:;tofthle bam:n ener‘gy

= 82 +20(stat)+ 5(syst) +10 (lumi) pb
1000 i mickinerore first measurement!

600 DNNF‘DFSU .MMHT14
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e et oo i) | = 793 + 8(stat) 38 (syst) +21 (lumi) pb

NNPDF3.0, m__ =172.5 GeV, c1,(M,) =0.118 = 0.001 [ (M,}=0.113] 3

/ I|||I|||I|||I|||I|||_ TOP'16'005
2 4 6 8 10 12 14

Vs [TeV]

~ GMSeuBTeV(L=1971")

o CMSl+jets8TeV (L= 1081bh
¢ CMSall-esBTeV(L=184 Y
4 CMSeul3TeV (L=43 pb 50 ns)
+ CMSeul3TeV(L=22f",25ns)
* CMS l+jets 13 TeV (L= 42 pb)
4 CMS all-iets 13 TeV (L=253 o)

102

Inclusive tf cross section [pb]

10

* Top-pair in association with Zat vs = 13 TeV

Channel Expected significance | Observed significance TOP-16-009
3{ analysis 29 3.5
41 analysis 1.2 0.9
30 and 4/ combined 31 36 o(ttZ) = 1065 *>2 ;5 (stat) *1%° ,,, (sys.) fb
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Top pair differential cross sections at Vs = 13 TeV

TOP-13-008

6/27/2016

TOP-16-011
e Tests QCD description _ _CMS Preliminary 221 (13TeV)
* New ME generator and PS codes used in Run2 3 p2[ Dierton e .
. (D E — Fowneqg ve+ | & E
1 - .-~ Powheg v2+Herwig++ ]
* P;spectrum better described by NNLO+NNLL " e T oS
Tl 10 3 e T MG5_aMC@NLO+Pythia8 [MLM] 3
CMS Preliminary 22fb'(13 TeV) —1% ]
2 T | T | 3 ~
.8%'2 - Dilepton p":'>3§ (13:\:, M <24 10‘45- o E
—|o 10 E_ F:’Whﬁ'g v2+Pythiad 3 i =.'—:.'—:+:—.':—.'.=.'—.$€:—:+.——: =eey
E --—-- Powheqg v2+Herwig++ 5 r i
B - - - MG5_aMC@NLO+Pythias [FxFx] | 10°F .
1 ..... MGS5_aMC @NLO-+Pythia8 [MLM] 14 L!-ISItalt! e e
s ' - Stat @ Syst. E
10" % % 1_? = tat yst ]
I'E = 0.8 — CooLioIInnToog
10%F ¥ 0.6 =
| | | | | 400 600 800 1000 1200 1400 1600
14 EEmSEL | e e TOP-16-008 m. [GeV]
= o 1.2 ;_ Stat. @ Syst' --------------- — p) 3 1b—1 (13 TeV)
Slm 1 g — — . T
I-E o 0.8 g—_ = %‘J 0 ; gfﬂ.‘%."ﬁa!y I+jets parton %g&l@mm
06 £ : = e - —— MG5_aMC@NLO P8 [FxFx]
2 3 4 5 =6 ﬁ 1 E_F"’Eﬂn__f: rﬁnosu?h_amlg:a@mo P8 [MLM]
Niets -~ F = - Powhgg Hi+
g F = - -~ MG5_aMC@NLO P8
%10—1 E == MG5_aMG@NLO H++
g ——
e Measurement of top helicity e L
E v
F,=0.681+ 0.012(stat) + 0.023(syst) A
w14 F
F, = 0.323+ 0.008(stat) + 0.014(syst) L —————
0.8 E

0 100 200 300 400 500 600 700 _ 800
K.Mazumdar p.(t) [GeV]



da
d n-jet

Jet multiplicity & underlying event activity in top events

23107 (13 TeV)

CMS l+jets particle —+— data

Prefiminary Ietsp — Et@' atat

— MG5_aMGCENLD PE [FxFx]
MGE_aMCEMLO PE [MLM]

— - Powheg P8

— — Powheg H++

———— MG5_abMCEMNLD PR

_______ MGS_aMCENLD H++

H.

\

'1 2 3 p—
additional jets

Low jet multiplicity = sensitive to ME
and matching to parton shower
High jet multtiplicity = parton shower
o, tuning

tt+jets important background to ttH

6/27/2016

TOP-15-017

e UE characteristics
- Investigate and improve event modeling
=» Charged particle activity

e No need for separate UE tunes
for heavy quarks
e UE is sensitive to QCD scales
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Electroweak production of single top at Vs = 13 TeV

ud aw b to , NNLO precision for single top t-channel
Q—f{ - production rate
hannel * awechannel 70 schannel * Theory:~1%
>20mh A 10 pb e Measurements:
~10% at 8 TeV, with 20 /fb
metan ~ 253X O, ~15% at 13 TeV with 2.3 /fb

Ot.cht = 141.5 £ 6.7 (stat.) £ 9.4 (exp.) :}32 (theo.) & 3.8 (lumi.) pb = 141.5 %g pb,
Otch i = 81.0 £ 6.2 (stat.) + 8.1 (exp.) 7107 (theo.) = 2.2 (lumi.) pb = 81.0 T1211 pb.

- TOP-16-008
2 E single top-quark productioh ' ! E =
= F . . ] _ | Yt—ch.
L Inclusive cross sections i - | f]__i,r.?v | — ;
- tb | _th
10° - - W (pp or PP \/ O ch
m;_ :____:_____::%__:_;_ fivVip| = 1.02 = 0.07(exp. ) £ 0.02(theo.)
1_ - Anomalous form factor
§ = HNLO+MNMLL, PAD B2, 4018 |:2D1IZI]§
L e ] e Within experimental uncertainty no
TE L rmeeen B e significant deviation observed wrt
el Lo CpTORemEe) | § cuseevencsreed theoretical predictions based on 4FS or 5FS
2 3 4 5 6 7 8 g 10 11 12 13 _14

15 [TeV]
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Higgs Physics



H-> Z2Z2*-> 4l

Standard Model Higgs measurements at 13 TeV

HIG-15-004

511n (7 Te) 197fb (8 Te) 28fb (13TeV)

3! 6 Mrrrrrrt | L L L DL DL BB
= 0 CMS Prehmmary
el . -
6‘: 5 — $  Data (stat. @ sys. unc.) -
[ = Systematic uncertainty
4 [ model cependence -
C SSERN Sfandard model (m, = 125 GeV)
3 =
2 =
ia pp = (H - 4)+X -
O:r | T T P T P I e
7 8 9 10 11 12 13 14
Is (TeV)
my = 125 GeV 2.3-2.7fb" (13 TeV)
£ 20F
= - CMS
l(:) 18 L.
et - Preliminary
E 16
= r ttH production limits
u:,;_ 141~ _e Observed
L —
g_ 120 Expected
O E [ =10 Expected
(@] — [ =20 Expected
.ag L
n
[=)]

Combined

6/27/2016

H—leptons
HIG-15-008

H—bb
HIG-16-004

H—yy
HIG-15-005

 VBF H, H—>bb,

HIG-15-008

u for combined 8 and 13 TeV =1.3*12__,

e ttH,H> WW, ZZ, 1t

Explored same sign dilepton or 3 lepton

(+b-tagged jets) final states
Wy =0.15+0.95-0.81

Compare with SM expectation:

m,, = 125 GeV

1.00+0.96 -0.85

232717 (13 TeV)

- CMS

:' Preliminary

-2AInL
~

g — Observed: 0.15° “5

+0.96
-085

-+ Expected: 1.00"

[ geTeTeToleTe]

ttH combination
HIG-15-005 H—yy
HIG-15-008 H—leptons
HIG-16-004 H—bb
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cvents

Data/Expected

H-> WW (e n +X) at 13 TeV

HIG-15-003

C“?Preﬁminary L =2.3/b (1|3 TEV) CMSPrE'!fmlnary | L= 2‘3ffb‘ (1|3 T?V) CMS Preimmary _ | L 234 {13TEV)
350 = % DY Fake B -‘é’ 1805 | E
300 = c %3ndtt v . }j c Fake 1
250 4 600 | Higgs Data = 160 ww g

| ] 77] Systematics a 140 S VENy 3
200~ — - . 1205 |:| Higgs —+- Data E

g 0iet S . E - 7 Systematics -
150:— ) 7 s 0 jet B 00 ]
100~ é é 80:— ) I!t 0 jet _:

B 100 - 3 B0 f _ -

] o :

k=1 : 40 :_ e |- g 1

g 20" : ; JMKF - é:

i [GeV] my :
Similar for 1-jet category s PR AR
H H H H H H H (‘3 ! N ‘:al:xﬁml uncertainty ]
Bi-dimensional analysis in m, (5 bins) m;" (10 bins) 2 | — g
i 0_8; - Model dependence —-
g: - 0 % . Zz:::onj;l:i\:unueenpxn:

. o e 0.6 . [:Ixu VBF + VH —
observed (expected) significance: 0.7 ¢ (2.0 o) - ]
signal strength 1= 0.3 £0.5 4 ]

i b ]
0.2 8 N
. e ]
. e e e P et T‘Eﬁl:r-_-—'am
Transverse momentum of HiggsatVvs=8TeV : :
+ 3 —;
HIG-15-010 2 . . s
EDD: 5640 €0 80 700 120 740 T60 780 200
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Search for beyond standard model physics



MSSM H=> 1T

Searches for BSM Higgs at Vs = 13 TeV

231" (13 TeV)

g YT +ET AT, T,
=S |
a »- CMS
E wL Preliminary
Z uf
o
T i}
, . Q
A o 1o
# 1
ADODOOOOD e

HIG-16-006

m, =125 GeV
[ s8%cL
[ JeswcL
e Bestiit
¢

Expected for 125 GeV SM Higgs

30

c(ggo)

Invisible Higgs HIG-16-009

231" (13 TeV)

~—~ 35
2= € 95%CLlimits
o L CMS
© 3 —— Observed limit .
2% served fim Preliminary
g [ Expected limit
1 25— [ Expected limit (1q)
I -
F r Expected limit (20)
=
b r
15
e

|

Combined VBF

Z(ll)

B(¢—17) (pb)

tanp

40

30

20

10

231" (13 TeV)

CMS 95% CL Excluded:
. [ Observed I + 1o Expected (3 ml™ » 1254 3 Gev
Pf'ehmlnafy - Expecled | + 2o Expecled— 7 + & TeW(HIG-14-028)

TSP I
my°" scenario

SR \k h h\i\\u\N\ \N\\ AR SRR N

200 400 600 800 1000

m, (GeV)

Lepton Flavour Violation H> Tt

cMspmim}mary

L AR

HT .
had

T .
J'Lhacl

8 and 13 TeV combination
- Observed (expected) UL
on Br(H—=2 inv.)=32% (26%)

K.Mazumdar

1200 1400

23" (13 TeV)
95% CL Excluded:
C MS []Observed WM # 1o Expected
Preliminary ——Expected |+ 2c Expected

40

30

20

—_—
hMSSMscenarlo

Ll
200

L0 Jets
4.17% (exp.)
4.24% (obs.)
nrTos 1 Jet

4.89% (exp.)
6.35% (obs.)

2 Jets
6. 415 (exp.)
7. 71% (obs.)
pt,. 0 Jets
2.24%L (exp.)
1.33% (obs.)
wt,, 1 Jet
4.36% [exp.)
3.04% [obs.)
pt, 2 Jets
7.31% [exp.)
8.99%. (obs.)
H—pt

1.62% (exp.)
1.20% (obs.)

M
400

1200 140
m, (GeV)

A R R R
600 800 1000

HIG-16-005

23 b (13 TeV)

* Observed
x  Expected -
- - + 1 std deviation
[_] + 2 std deviation

=]

8TeV [Phys. Lett. B 748 (2015) 337

5_ Obsarved
RN e Expected ]
x
|-
" I E! P I L | L | L | P
10 15 20 25

95% CL Limit on Br(H—ut), %



Gluino searches

Gluino pair to 4 tops

pp ~ g3 §—ttX

Search for Supersymmetry at vs = 13 TeV

Moriond 2016

— _]1[‘TIIIIITTIIITTWIITIIIW_
= 2000
8 I CMS Preliminary — Observed ----Expected
'—9'_1 8001 —5US-15-002, 0-lep (HT"™*), 2.3 fb™" (13 TeV)
! [ - SUS-15-003, 0-lep (My,), 2.3 o' (13 TeV)
£ 1600 [~ ==SUS-15-004, O-lep (Razor), 2.1 fo (13 TeV)
I —SUS-15-005, 0-lep (o), 2.2 fo! (13 TeV)
1400}~ —SUS-15-004, 1-lep (Razor), 2.1 b (13 TeV)
[ —SUS-15-006, 1-lep (A¢), 2.3 fb' (13 TeV)
1200k —8US-15-007, 1-lep (M), 2.2 fb™* (13 TeV)

[ —SUS-15-008, =2-lep (SS), 2.2 b7 (13 TeV)
[ =—SUS-16-003, 23-lep, 2.3 fb™ (13 TeV)
1000|— —SUS-14-010, 0+1+2+23-lep, 19.5 b (8 Tev)

pon b b b b b b by bww e Ly i |

800 1000

1400

1600 1800

m;, [GeV]

1800
1600
1400
1200
1000
800
600
400

200

Gluino pair to 4 bottoms

Interpretation of final states in terms of simplified models, eg. T1bbbb

SUS-15-002, PLB 758(2016) 152

Many searches with jets, leptons, photons, missing energy in final state
=>» Sensitivity for both strong and weak production of SUSY particles.

Gluino pair to light quarks

pp — §g, § —bbX

Moriond 2016

_T\[ITIIIT!T[

:_CM S Preliminary

LI I I A

— Observed ----Expected

[ —SUS-15-002 (H™), 2.3 b (13 TeV)
SUS-15-003 (My,), 2.3 fb' (13 TeV)

- —SUS-15-004

Razor), 2.1 b (13 TeV)

(
(

[ —SUS-15-005 (at), 2.2 fb! (13 TeV)
(

- —SUS-14-011 (Razor), 19.3 fb' (8 TeV)

el

I

T T T

[

VIIJIJ

J—— I § - — I Y — {
800 800 1000 1200

1400

Run 2 searches focus on compressed scenario

6/27/2016
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1600

1800

pp —= GG, § — qgXe

Moriond 2016
; : T T T ‘ T T T ‘ T T T ‘ T T T I T T T ‘ T T T | T T ]
& 1600 ~CMS Freliminary ~ —Observed - Expected
Tar., [ —SUS-15-002 (H{"™), 2.3 fo! (13 TeV) ]
g 1400[~ _SUS-15-003 (My,), 2.3 b (13 TeV) j
- —SUS-15-004 (Razor), 2.1 fb (13 TeV) .
1200 —SUS-15-005 (ay), 2.2 fb' (13 TeV) -
[ —SUS-13-019 (M), 19.5 b (8 TeV) .
1000 |
800 TN\ .
600 . -
400 s
2001 ]
C 1 1 1 \ Il Il 1 J 1 1 Il ‘ 1 1 l: Il ‘ L 1 1 | 1 1 ]

S0 800 1000 1200 1400 1600 1800
Mgy [GeV]
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Direct production of stop pairs  Search in multijet + E;™s final state

Searches in hadronic final state use kinematic variables with categorization
g%'m:ET:— Z Pri g?‘m:ﬁT:—Zﬁn
icparticles icjets

I
Mr(pr. 41) = 2 (IPrllgr] - pr - 4v)

—l_;l. — —i —&
Mp = mﬂ_l.ms |m31 (M (B, §r). Mo(PY, 71) } ‘
grry=
- -1

- 500 CMS Preliminary 2.3 16" (13TeV) — _  CMsSimuaton 2313 Tey
LYY -0 R = L LI LI LI LI LI LI ]
o) pp =ttt =t% NLO+NLL exclusion a v 10° . -
O, %59 — opserved ‘4 oo = O] :E,i;'i“goﬁg:v [ ] Muttijet :
g 400| :: 2 Expected £ 1 0,0 e 3 B 107k >2j,>0 B Top quark E
=== experime @D — - . 3

= g _ 7} W+jets
350- S R g 10 L E
E e: = E . E o — vV 3
300F < 8 o o e e PP — 8, § > bby? 3
2502_ - S 104 I'|1§=1100GEV _E
C 1 E v 3
200F = " m..= 100 Ge 3
. o 1 E
| m =
F O E
150~ o 3
c = 10° E
1 00 :_ .1 0—1 —! =
r o 10 E
50 32 E
= L0 ]
@ E

1000 200 300 400 500 600 700 800 900 400 600 800 1000 1200 1400

m; [GeV] My, [GeV]

Mg,, > 800 GeV for low m ¢, SUS-16-007 SUS-15-003, JHEP

stop
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Combination of diboson (WW, ZZ, WH, ZH) productions

Exotica searches
1. Heavy Vector Singlet/Triplet model: W - WZ, WH or Z’ > WW, ZH
exclusion: W' >2.3TeV,Z >1.8TeV, triplet > 2.4 TeV

2. A narrow Bulk Graviton 2 WW, 77 B2G-16-007
. . . ’
0.9c significance for W’ (1.9-2 TeV)
CMS rriminay 222610 (13 TeV) + 19.7 fo' (8 TeV) 105 ?MIS Preliminary 2‘|2'2;5“|"] { ST.eVi + 19717 (8 lTe‘“’E
a T I 1 I 1 T | I I I T | I I T L] I j - = =
E 102k Asympt. t‘:L5 Obs.(solid)/ Exp.(dashed) ] E - Asympt. CL'3 Obs.(solid)/ Exp.(dashed) E
v : ] L - 1
Hg - >< . %‘3 10 3 5 E
© e B © v .
‘ ) ’ﬂﬁ . ltsl-'l *:
10 AL A ;"_‘.. S i
HVTB (gv=3} T Gbulk \ §=0‘5 ;
F\ Fa “ B8 TeV . *— 8TeVW =
e ~13TeV - ~ 13 TeV -
Ké e o 8413 TeV i o 8413 TeV .
: 1 -
'1 1 I 1 l L I l l l L I l l L L I :l I 1 l 1 I l l l L I l l 1 L F
10 1 2 3 4 1 2 3 4
M, (TeV) Mg, (TeV)

 Run 1 had anomaly (slight excess around 2 TeV) at the level of 2to 2.5c
 Not confirmed at Run 2.
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Search for massive vector-like quark (charge 2/3) production

2.3fb" (13 TeV)
E i— I T T T | T T T i
[a) = .
g N ---Tb, ¢?"'=1.0, BR(tH)=BR(bW)/2 ]
z - — Obs 95% CL _ CM S .
L Exp 95% CL Preliminary -
F 101 [ + 1 std. deviation |
m = [ ]+ 2 std. deviation =
X C ]
o B i
= 3
m 1 I I | I L L L | I “h'r- 1 :I

1000 1500
T quark mass (GeV)

Left handed, in association with b --quark

6/27/2016

B2G-16-002

TT)[pb]

I—

o (

K.Mazumdar

CMS Preliminary, 2.3 fo™ (13 TeV)

10 F T T T T I T T T T 1 T T T T I T T T T [ T T T T | T T T T El
- —— 95% CL observed - + 16 expected
B 95% CL expected |:| + 26 expected ]
B Signal Cross Section 7
1 E
! ]
It
10" = =
10-2 | | I T - l I T | ) T { I

700 800 900 1000 1100 1200

1300

T mass [GeV]
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Exotica searches: June 2016

LQ1(ef) x2

L1 {efj+LC1{vi)
LQ2(pj) x2
LQ2{ujp+ L2 (i)
LQ3(vh) x2
LQ3(rh) x2
LQ3(TH) x2
LO3jvi) x2
Single LO1 (A=1)
Single LQ2 (A=1)

RS1(jj), k=0.1
RS1(ee,up), k=0.1
RS1(yy), k=0.1

SSM Z'(tT)

SSM Z'(ji)

SSM Z'(bb)

SSM Z'(ee)+Z'(py)
SSM W'(ij)

SSM W'(Iv)

e* (M=A)
Mt (M=)
g (qg)
q* (ay)

CMS Prelimindry QBH, nED=6, MD=4 Ta\

coloron(jj) x2
LE‘DJIOQUUI'kS coloron(4]) x2

gluino(3j) x2

gluinofjjb) x2
0 1 2 3 4 TeV 0

RS Gravitons ADD {y+MET), nED=4, MD

ADD (+MET), nED=4, MD

ADD (ea,py), nED=4, MS
1 2 3 4 ADD {yy), nED=4, M3

TeW
ADD (jj), nED=4, MS

MR BH, nED=6, MD=4 TeV/
QBH ({jji. nED=4, MD=4 TeVf

'_l_F’ Jat Extinction Scale
——) String Seale ()
S
)
T T : T
: : ) dijets, A+ LL/RR
1 2 3 4 5 TeV dijets, A- LL/RR

dimueons, A+ LLIM
. dimuons, A- LLIM

EKCITed dielectrons, A+ LLIM
Fermions dielectrons, A- LLIM
single e, A HnCM
single p, A HnCM

inclusive jets, N+

inclusive jets, A-

012345678 910111213141516171819 TeV

Multijet

Resonances

Large Extra
Dimensions

Compositeness

TeV

TeV

CMS Exotica Physics Group Summary — LHCP, 2016
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Summary of searches for beyond 2"d generation

e )
T—=1tH
T—=1tZ
T —= bW
B —+bH
B-—-bZ
B —+tW
X5/3 —+ tW
X5/3 —+ tW

T— bW

I = tH c{Whb)=1.5

T = tH cZ0)=25

o 03

i 04

Vector-like quark palr
production

X 08 1,2
Observed limit 95%CL (TeV)

1,5

Vector-llke quark single
production

800 fin
[— —
200 th
[} 1.2 1,5 2
Observed limit 95%CL (TeV)

W' =10 Mus > Mw

Resonances to heavy
quarks

Z'{1.2%) — tt
Z10%) — tt
geE — tt

W —tb

£'1%) — t
Z10%) — it
Z30%) — 1t

gKK — it

¢ 05 1

15 2 25 3 35 4
Observed limit 95%CL (TeV)

B2G: new physics

searches with heavy SM
particles

radion — HH
W — WH
Z—=7H

+
Gipgr — WW
Gouk — 27
W' —= VW HVTI(B)
W' — WHHVT(B)

£'—= VH HVTIB)

t* — tg S=3/2
" —1g S=1/2
b* — tW K.=1
b* = tW Ke=1

b* — tW KuKa=1

Resonances to
dibosons

= -
=
(]
-

15 2 25 3
Cbserved limit 95%CL (TeV)

Exclted quarks

0.8
Cbserved limit 95%:CL (TeV)

12 16 2
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Dark Matter searches, June 2016

CMS Preliminary Dark Matter Summary* - June 2016
DM + ietw(@ ' TTT I I T TTTT I I T TTTT I I T TTTT | I T I I ;u;;cll-l Exo-1s-u13
Vector, ﬂm-ﬂq-i ‘ 13TeV, 2.3fb™
DM + jets/V(qa) | soocL | EXO-16-013
Axial vector; g =g, =1 | 5 13TeV, 2.3fb™
DM + y = | Exo-16.014
Vector, g =1,g =0.25 | a 85%CL | 1aTev, 231b"
DM + y 5 | EXO-16-014
Axial vector; g, =1,g, =0.25 } T 9ROL aTev, 231"
DM + | Ex0-16-017
FC Vector; a__=b,;=0.1 e 13TeV, 2.31b"
DM + jets/V(qa) * sonic, | EXO-12-055
Scalar;g_ =g =1 ‘ 8TeV, 19.7fb™
DM + jets/V(qd) % L. | EXO-12-085
Pseudoscalar; g_ =g, =1 1S 8TeV, 19.7fb"
DM + bbAt  ors, =5 5 ... . | B2G-15-007
Scalar; g =g, =1 } z 95%CL |y 3rev, 2.171b°
DM + bEfﬂ- ala, =30 : : : . B2G-15-007
Pseudoscalar;g_ =g =1 I I l famkeL 13TeV, 2.17fb"
1 10 10 10° 10
[] Mediator exclusion [ ] DM exclusion Maximal excluded mass [GeV]
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Search for high mass resonances



Events / 20 GeV

(=]
]

Events /20 GeV

(data-fit)/o,,

Resonance structure in Diphoton spectrum?

2.7fb" (13 TeV, 3.8 T)

TTH

¢ Data
EBEB —— Fit model
10° mt1sd.
E +2sd.
10 2 y in barrel region

(data-fit)/o,,,,

-
o

IIH\HIl T 17

T

T \IHHIl T IHHH[

400 600 800 1000 1200 1400 1600
m.,, (GeV)
0.6fo"' (13 TeV,0T)

¢ Data
—— Fit model

e+ 1 s.d.
+ 2 s.d.

HH\I

- cMs

1& P&i st DDTDITONRNRRRRRRCTORIRORRRRNYED

G/ﬁPZOfIO 800 1000 1200 1400 1600
m.., (GeV)

2.7 (13 TeV,3.8T) EXO-16-018

> T T T T T
S102E ¢ Data
= FE EBEE —— Fit model
« B : e £ 1 s.d.
P 1.4 +2s.d.
5 10F it
L N

i i ]

L "IN [l 1y in barrel, another
B in endcap region
- CMS
! 1 1 L LI

bg o] ' T" TN '
-— »__4
E o ' LI
1+ I
‘Es‘ N

400 600 800 1000 1200 1400 1600
m., (GeV)

Total 2015 data analysed: 3.3 fb! (B=3.8T, OT)
Consistent with 8 TeV data: 19.7 fb!

Local significance = 3.4c,

Global significance (accounts for mass range,
spin, width) =1.6 o

Search for spin 0, spin-2 resonance,
mass between 500 GeV to 4 TeV
['/m between 1.4*10* to 5.6*102
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Limits

_GMS Praliminary 3.3 1" (13 TeV) . 33107 (13 Tev) + 19.7 167 (8 TeV)

o 18F Q & 1 NV ¥ ™
= Lot14x10* J-0 7% 1 IR I Y
= 44k - | i ¥ 16
= 15: - = Expected limit 107 L4 ! ARV '
b 1af — Pk | Y
T F t20 L [ AN
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E §f F i r oy
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B 4F : ----8TeV
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U: . . | . . . 1ot b . . L . m, (GeV)
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e Set limits assuming gg fusion, RS-graviton (spin 2) EXO-16-018

» Excess observed at 750 GeV, for I'y / m, =1.4*10*

e More data required to confirm existence of resonance.
e 2016 data highly crucial.
e in August (ICHEP) : update with ~ 10 fb !
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Events / 50 GeV

(data-fit)

Results from some of the related searches

Z(quar)y EXO-16-020 A (spin0) > Z(ll)y EXO-16-021
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Summary

e CMS experiment is performing well in Run 2.

e Many new, interesting results at new energy regime continue to pour in.
Could discuss only few.

e Precision results using Run 1 data crucial for better understanding of LHC
physics.

 Energy barrier for probing TeV scale physics is overcome
=>» exciting times ahead!

e Data collected in 2016 is crucial to settle the issue of 750 GeV resonance.

Stay tuned!
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Production of Dark matter

1. lone production = search via initial state radiation = mono-photon

EXO-16-014

=>» Results interpreted in simplified model where DM produced in s-channel via heavy mediator

CMS Preliminary

1s=13TeV, 23 fb"

CMS Preliminary fs=13TeV, 2.3 "
5‘ 4 TTT I T TT I TIrTT I TTTT I TTTT I TTTT I TTrrrT I TTTT I N G I\E
(ﬁ - Axial vector, Dirac, g =025, g_ =1 @ o, 10
= 3501 Observed 95% CL 107 g =
5] [ vremes Theoretical uncertainty 3 E 2
g 300 Median expected 95% CL 1 q o 10 \
Fooeee Expected +1o 1 = 2 11
C 2 ;
= 4 \
250: - %.. &) 10 \
r 9 f
200F E & @ T \
- MAxial vector, Dirac, g =025, g =1
150: 4| = ObservedsodicL ™
1 107k ..... Median expected 90% CL

—— PICO-60

100F
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50F

A
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2. Associated productions

i) b(b), t(t) + MET B2G-15-007
ii) Monojet, Mono V : ExO-16-013
iii) Monotop : EXO-16-017
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Other searches for X (750 GeV)

pp —> X —Zy LH

lly: EXO-16-016 (13 TeV), HIG-16-014 (8 TeV),
EXO-16-021 (8+13 TeV combination)

qqy: EXO-16-020
pp —> X —> 22
4 lepton: HIG-15-004
2l 2v: HIG-156-001
pp — X — ZH(125)
H(125) —» bb: B2G-16-003
pp > X —> HH
bbbb: HIG-16-002
bbtr: HIG-16-013 (13 TeV), HIG-15-013 (8 TeV)
WWhbb: HIG-16-011
pp > X —>WW
Ivqq: B2G-16-004
pp — X — tt

Semileptonic: B2G-15-002
All-hadronic: B2G-15-003

6/27/2016 K.Mazumdar

45



	Status of CMS experiment at LHC
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Exclusive gg  WW production at √s = 8 TeV
	Quarkonia production at √s = 8, 13 TeV
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45

