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Plan of the talk

 CMS detector, performance
e Some SM measurements
* (mostly)CMS and ATLAS Searches

— New results in Higgs search
- New results in Searches for Supersymmetry
— Other BSM searches: updates and new

e Conclusion

(Note: not a talk on behalf of CMS or ATLAS.)
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Status of LHC

» First stable beams are were
produced in May

P 145 days of physics
expected

» 2017 is a production year.
Some challenges are to be
faced to move towards HL-
LHC era

~90 fb™* in 2017+18

See Matteo Solfaroli, LHCC 10 May, 2017, for details
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L HC schedule in numbers

Activity #days Ratio to total
Low beta p physics at 13 TeV 145 64%
Commissioning and intensity 39 18%

ramp-up (+ TS recovery)

Machine Developments 15 7%
Technical Stops 10 4%
Special runs 8 4%
Scrubbing 7 3%
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LHC schedule Q1 + Q2

Controls
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LHC Schedule Q3 + Q4
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-Technical Stop

Recommissoning with beam

Machine development

Scrubbing (indicative - dates to be established})

Satyaki Bhattacharya

Special physics runs (indicative - schedule to be established)




The CMS Detector

Detector characteristics

mt:ter: %15‘: ﬂf?u:/
Weight:  14'5001 5
CANDARK 2017, ICTS Satyaki Bhattacharya

Bengaluru 5 May, 2017



Particle Flow

Reconstruct all stable
particles in CMS detector by
linking responses of

subdetectors “Conv-Brem Cluster
7\ E lﬂT [

- =Y

[ / ) Jet 2

pr=42 GeVic
[
. pr= 38 GeV/c
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* Photon identification efficiency
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Jets

: . - s=7 TeV, L=35.9 pb' CMS
b AntI-KT Wlth dIStance 5 - tlotalal Isystematicuml:ertaintylAn?T(JlegUl5| |
parameter 0.5 % 03 — o o s (Ants 7 R0 ) |
» CALO, JPT, PF 8 | oo
o
» PF jets clustered from 902} :

PF candidate particles

» Resolution measured
from MC and various
energy balancing
methods 0756400 200

p, [GeV
2011 JINST 6 P11002
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Muons

» 1-6% relative momentum 009
resolution for pT<100GeV = o0.08 CMS, Vs=7TeV, L=36pb"
© 007 —}— resolution from MuscieFit on MG é

b > 10% at a TeV 0.06E ——— resolution from MuScleFit on Data _i
0.05 % —— m sioRA on © -

» > 1% hadron to muon fake 0.04 % S 2

k|
h%@

probability 0.035
0.02F =

» Single muon trigger rates 0.01- WSS 3
(much) better than 90% 07 H5 05 0 05 1 15 %

above a few GeV
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P charged hadrons

Taus: The HPS algorithm

reconstructed using PF
algorithm

P 0’s are reconstructed in
ECAL as strips

P Strips:
P o -> yy

P Photon conversion in the
tracker material

P electron tracks bending in
the magnetic field:
broadening of the signal in
the azimuthal direction

P A strip of 0.05 in n and 0.2
In @ is built

P Mass is required to be
consistent with n0

‘W HCAL
: Clusters

ral : : ] .
hadron ” detector d

)
<
0.20




Tau efficiency
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b-tagging efficiency

* The impact parameter (IP) of the
track wrt the primary vertex is used
to distinguish the decay product of
the b hadron from the prompt tracks

* Algorithms:

* Track counting: sorts tracks in a jet
by decreasing value of IP
significance

* Jet probability (JP): uses estimate
of the likelihood that all the tracks
associated to the jet come from
primary vertex

* Jet B probability (JBP): same as JP,
in addition, it gives more weight to
the tracks with high IP significance

b-tag efficiency
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Profile Likelihood

ArXiv:physics 1007.1727v2

» Histogram of interest, and auxiliary measurement, used to
construct Likelihood (Poisson statistics, u is signal strength,
theta = nuisance parameters, here theta is b in each bin)

N - M m,
18; + b )™ e Mo~ o
L(u,0) = L Jn-' j) o~ (s +bs) H #E up
j=1 J: k=1 k-

 Denominator: Likelihood at global minimum, Numerator: at a
given mu, conditional maxima w.r.t. nuisance parameters

%000 - CMS Preliminary —&— S/B Weighted Data
; 1800F ts=7TeV,L=5.1fb" S48 Fit
L(p,0) S E s=8TeV,L=53f" ko Fit Component
Alp) = ' ©1600 L=
) Y - ITZ20

- L(,0)
* |s between 0,1 by definition

t, = —2InA(u)

* tu broadens due to presence of
nuisance parameters

0 :I | 1 | | 1 1 | |
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Standard model
measurements

Inclusive tf cross section [pb]

May 2017 |
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Di boson cross sections

March 2017

CMS Preliminary

CMS measurements
vs. NNLO (nLo) theory

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

8 TeVV CMS measurement (stat,stat+sys) —+—o—+—

13 TeV CMS measurement (stat,stat+sys)r——e—+—

YY = : 1.06 £0.01+£0.12
Wy, (NLO th.) = 1.16 £ 0.03 +0.13
ZY, (NLO th.) —+ot— 0.98 + 0.01+0.05
ZY, (NLO th.) —o— 0.98 + 0.01+0.05
WW+WZ > 1.01£0.13+£0.14
WW 1.07 £ 0.04 +0.09
WW —te—— 1.00 £ 0.02 £ 0.08
WWwW o 0.96 + 0.05 + 0.08
WZ = — 1.05+0.07 £0.06
WZ ———— 1.02 £0.04 £ 0.07
WZ e 0.80 +0.06 +£0.07
7 H o H 097 £0.13 £0.07
7 - 097 £0.06 £0.08
27 ——e—+—

1.10+0.04 £ 0.05

5.0 fb’
5.0 fb’
5.0 fb
19.5 fb™’
4.9 fb’
4.9 fb
19.4 fb
2.3 b’
4.9 fb
19.6 fb™’
2.3 fb’
4.9 b
19.6 fb™’
35.9 fb

0.5
All results at:

http://cern.ch/go/pNj7

1 1.5
Production Cross Section Ratio:

No evidence for anomalous couplings!

2

GEXP ’; Gtheo
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CMS ep 13 TeV (L =43 pb’)
ATLAS ee/uu 13 TeV (L = 85 pb)
ATLAS l+jets 13 TeV (L = 85 pb')
CMS l+jets 13 TeV (L = 42 pb')

—l
-
[¥}

OOreoHE 4008 0B <

1000 :

800" i 1

o)
Lo
-
.0
el
O
(b
v
wv)
v
@
| -
(&)
=
@
=
v
=
Q
L

107

600~ -

= NNLO+NNLL (pp)

——— NNLO+NNLL (pp) 13 1s[TeV]
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
Moo = 172.5 GeV, PDF@ (P uncertainties according to PlDF4LHC

: 2 4 6 8 10 12 14
— agreement with SM prediction \s [TeV]

See talk by Christian Schwanenberger in LHC Ski 2016 for more details




top pair cross sections

ATLAS+CMS Preliminary LHClopWG O summary, Ys=7TeV May 2017
NNLO+NNLL PRL 110 (2013) 252004
"""" m,,, = 172.5 GeV, o, (M,) = 0.118+0.001 ) ) ) )
scale uncertaint N | v '
scale @ PDF 6—){15 uncertainty total stat
o (stat) = (syst) = (lumi)
ATLAS, I+jets e 179 +4+9+7pb L,=0.7 fb"
ATLAS, dilepton (*) 1 173+ 671% "Spb L,=0.7 fb"
ATLAS, all jets (*) | t = t 1 167 £ 18+ 78 = 6 pb L,=1.0fb"
ATLAS combined i 177 +3°2+ 7 pb L,=0.7-1.0 fb"
CMS, I+jets (*) —to+—= 164+3+12+7pb L,=0.8-1.1 fb”
CMS, dilepton (*) |—|-o-|—-—| 170+ 4 +16 +8 pb Lo=1.1 b
CMS, 7, -+ () —t } | 149 + 24 + 26 + 9 pb Ly=11 b
CMS, all jets (*) I } } 4 136 £ 20+ 40 + 8 pb Lo=1.1 o
CMS combined —o—i 166 + 2 =11+ 8 pb L,=0.8-1.1 fbo”!
LHC combined (Sep 2012) I—I"I--| 173 =+ 2 = 8 £ 6 pb L,=0.7-1.1fb""
ATLAS, I+jets, b—Xuv —=% 165+2+17 +3 pb La7 6"
ATLAS, dilepton ey, b-tag HaH 1829+31+42+36pb L, 46"
ATLAS, dilepton ey, NJ_etS-E$iss imi— 181.2+28727+33pb  L,-46f
ATLAS, t,  +ets I = + 1 194+ 18+ 46 pb Ly=1.7 i
ATLAS, all jets I —a—j} i 168 + 12725+ 7 pb L=4.7 fb!
ATLAS, t,_+ I—-l—-—i—l 183+9+23+3pb Lo=4.6fb'
CMS, l+jets i} 161.7 £ 6.0 £ 12.0 £ 3.6 pb L, =5.0fb"
CMS, dilepton ep H'H 173.6 +2.17;5+38pb L,=5.0fb"
CMS, 1, _+ ——— : 143+ 1422+ 3pb L=2.21b"
CMS, t,_+ets [ ¢ } | 152+ 12+ 32+ 3pb L,~38fb"
CMS, all jets —t——t 139 £+ 10+ 26 + 3 pb L,.=3.5fb"
(*) Superseded by results shown below the line H
NNPDF3.0 JHEP 04 (2015) 040
‘ _ MMHT14 EPJC75 (2015) 5
CT14 PRD 93 (2016) 033006
ABM12 PRD 89 (2015) 054028
[e(M,) = 0.113]
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SM Higgs
measurements

S/(S+B) Weighted Events / GeV

CMS Prefiminary 271" (13 TeV)
AREEEEERS R S A

L AL
All categories summed
S/(S+B) weighted sum
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...... B component
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Higgs to diphoton rediscovery

‘ HIG-15-005 \

| David Sperka, Moriond QCD,2016 |

«  MVA based analysis (vertex, photon id,

kinematics)

« Background from sideband fit

« Categories:

« ttH leptonic/hadronic
« VBF

* 4 untagged

« Observed

1.7 o

e Best Fit

cal p-value

1081

CMS FPreliminary
T T T T

CMS Pre.f.'mmary

H—)
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a00f~

200
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o
T

Y
1000—mT125 09 GeV, 1=0.7

2.71b" (13TeV)
LA IR LA B B B
All categories summed 7]

S/(S+B) weighted sum
¢+ Data

—— S+B fit sum

------ B component

[ ek

[ J+2 6o

100F

T T T TT i| T
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1
1
1
________________________ -
1
— 1
1
— Expected
__ Expected
m,, = 125.09 GeV
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f :
I P lomy

TR

116 118 120 122 124 126 128 130 132 134

Lu 0.69+047

Moo, ttH

+0.80
043" g.84},
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my, (GeV,

13‘0 14‘-0 15‘0 1€:|‘|0 17;'0 1_80

My, (GeV)

CMS Preliminary
T T T I T

2.7fb" (13 TeV)
T T T | T

Untagged O

Untagged 1

Untagged 2

Untagged 3

VBF TagO

VBF Tag 1

T ' T T T l
- Combined + 1o

—&— Per category + 1o

=

SM

il 06908
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TTH Tags

_ 1 0q+2.62
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Higgs rediscovery
H-ZZ-4{ (13 TeV) HIG-15-004

5.1 o (7 TeV), 19.7 b (8 TeV), 2.8 o™ (13 TeV)

CMS Preliminary . 2.8fb" (13 TeV) ,
g 1 ; 1 T I | 1 1 I | 1 T I | I : I | 1 T 1 | [ I 1 ; E 6 B 1 I LI I | I | | I 1 I I I ]
s | 2 = [ CMS Preliminary )
_6_ 10 e N\ N T b‘g 5 :— ¢  Data(stat. ® sys. unc.) —:
8 """""""" [ = Systematic uncertainty ]
o - L 4 :_ |:| Model dependence _:
T - sseen Standard model (m, = 125 GeV) a
N | — -
10°° = : = 3 L -
- 3 | — -
‘ 5 : :
10°*g — Observed 4e : = 2 L .
- —— Observed 4y : _ i
—— Observed 2e2u 1 1 . _
107 —— Observed combined : = - Pp — (H-4l)+X ]
E e Expected - - s 5
- l Sm— I L I L ! L I L I — O CT 11 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1 1 T
118 120 122 124 126 128 130 7 8 9 10 11 12 13 14
m, (o) s (TeV)

Significance: 2.50 (3.40) obs. (exp.) at mp = 125.09 GeV
p=0.82109%  peor gy = 0.9570% pverve = 0.0550 mp = 123.477° GeV

1.46 0.2 .01 M _ .
il = 2.48'_"1_1%(81:%.):%.lg(sys.)i%_%d(model dep.) tb Jisid. =.2.394-0.25 b
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Higgs to diphoton: Rediscovery

« Similar to run 1 analysis

« Categories in mass
resolution and production
channels for best
sensitivity

CMS Preliminary H—yy 359 b (13 TeV)

Untagged 0
Untagged 1
Untagged 2
Untagged 3
VBF 0

VBF 1

VBF 2

ttH Hadronic
ttH Leptonic
ZH Leptonic
WH Leptonic
- LeptonicLoose
VH Hadronic

VH MET

B oo+ B veF B uH Il poH B tHq B tHw
B wHhadronic [l WHieptonic [l zH hadronic [l ZH leptonic [ ] o 00 [ | Cum B s/(S+B)

5.8 expéecied events
3.8 expected events

0.5 expected events

3.6 expected events

2.8 expecled evenls

10 20 30 40 50 60 70 80 90 100 p 9os 1 2 25 (o} 01 02 03 04 05 06

15
Signal Fraction (%) Width (GeV) S/(S+B) in+ o,

Events / GeV

Evehts | GeV

CMS Preiiminary 359 (13 TeV)

TT T T [T T T T [T T T T [T T T T [T T T T [T T T T[T T T T[T TT1g
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-===:= B cOmponent

[l +io
[1+20

_lllllllllllllllllllllll T
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LIS L B B L B L
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------ B component

+1o
+2 0o

llllllllllll

- b I | l. . LTI T =M
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Y weights / GeV

Y weights - fitted bkg

Higgs mass: CMS and ATLAS

PRL 114 (2015) 191803

-]

“'-'“I J_ T T T T I T T T T T T T T | T T T T J_
o I e e A B cMs \s=7TeV,L=5.1fo";\s=8TeV,L=19.7 " §_ - ATLAS and CMS — H=ry .
= [Ldt=451fb" \s=7 TeV ATLAS = > L BEEEELE EEEL L AL NE < 6 C — H=ZZ-4] ]
E [Ldt=2031b" \s=8TeV 4 Data ] 8 351~ * Data ] c C LHC Run 1 — Combined yy+47 i
s/b weighted sum < =— N ] _— - -
E_ Mass rr?easuremem categories (img";er:“'iackg,ound _E S 30_’_ .I Z+X R C\lvl 5 T Stat. Df“y uncen -
3 a3 2 Oz, 2z ] n ]
= B ) - r = - —
;_ _; u>.1 255 ‘JmH=126GeV E 4:_ _:
3 E 20 ] - .
3 E - { : 3= -
3 - 15 I E - ]
- - 10f | ~ = 2 - B
; : 5|- + ~ 4 s 1. 1= —
3 t - } i : C ]
=0 120 30 140 50 oo 0 80 100 120 140 160 180 0 i - 1
(e m,, (GeV) 124 1245 125 1255 126
m,, [GeV]
T T T T | T T T T | T T T T T T T T T | T T T T | T T T T T T T T T T T T
ATLAS and CMS e Total Stat = Syst
LHC Run 1 Total Stat Syst

ATLAS H—yy [ = |  126.02 + 0.51 (+ 0.43 + 0.27) GeV

CMS H—syy ————| 124.70 + 0.34 ( £ 0.31+ 0.15) GeV

ATLAS H—-Z27 41 i | 12451+ 0.52 ( + 0.52 + 0.04) GeV

CMS H—ZZ —4l —— 12559 £+ 0.45 (£ 0.42 + 0.17) GeV

ATLAS+CMS yy I—EI—I 125.07 £ 0.29 ( £ 0.25 £ 0.14) GeV
ATLAS+CMS 41 I_}E_I 125.15 £ 0.40 ( =+ 0.37 + 0.15) GeV
ATLAS+CMS yy+4i I—$—l 125.09 £ 0.24 ( = 0.21 = 0.11) GeV

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
123 124 125 126 127 128 129



Higgs Mass

« Masured better than 0.2% precision

 Dominant systematics is from the
energy/momentum scales of the final state
particles

 Statistical uncertainty dominated



[fb/GeV]

Yy
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doyq/dp

data / prediction
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Fiducial and Differential Cross section

CMS rPreliminary 359 fb' (13TeV

|||||||||||||||||||"|"'|"'|"'|"' —~ |||||||||||||||||||||||||||I||||||||||||
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Signal strength: CMS @ 13 TeV
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Higgs couplings

e Dominant M. Chen, LHCP 2017
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Higgs couplings
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Higgs to tau tau
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Higgs to top Yukawa

JHEP 08 (2016) 045
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ttH @ 13 TeV early results
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g/ogm < 3.3 (2.6 exp.)

Satyaki Bhattacharya
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ttH @ 13 TeV, leptonic (WW*,ZZ*,11)

ATLAS-CONF-2016-058 CMS PAS HIG-17-003
CMS PAS HIG-17-004
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ttH to bb @ 13 TeV

ATLAS-CONF-2016-080 CMS PAS HIG-16-038
Georges Aad - LHCP 2017
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Search for
Supersymmetry

CMS Preliminary  35.9 fb (13 TeV)
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95% C.L. upper limit on cross section [pb]
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SUSY search strategy at LHC

TeV &
‘ (2-loop)
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Focus on strongly
produced processes.

- Large gain from increased

parton luminosity at 13 TeV

Start from inclusive sqark,
gluino searches

Move to focussed stop,
sbottom searcehs,
electroweakinos

See: John Paul Chou, Moriond 2016

Cristian H. Pena, DM@LHC 2017

Satyaki Bhattacharya
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gluino production

squark

stop

sbottom

EWHK gauginos

slepton

RPWY

Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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SUSY searches @13 TeV
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e Search in all accessible channels
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squark gluino production
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stop

sbottom

SUSY hadronic summary 2015
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e 2016 = 10X opportunity
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Mass scales [GeV]
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CMS multijet, zero lepton
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CMS multijet + O lepton

CMS-SUS-16-033

CMS Preliminary 35.9 b (13 TeV)
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CMS multijet + O lepton
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ATLAS squarks and gluinos with jets + MET
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Recursive Jigsaw Reconstruction (RJR) — recover
partially, lost kinematic information
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Limits on squark mass
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ATLAS: Gluino mass limit from 3rd generation

ATLAS-CONF-2017-021
Assume 100% BR
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ATLAS stop search

ATLAS-CONF-2017-019

3 leptons + b or1llepton+4bDb
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H->gg + jets + MET

Razor variables
100% BR to bHy

RE

CMS sbottom to H+b+MET
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CMS Higgsino search

SUS-16-044
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SUSY searches @ 13 TeV after 35 fb™

Selected CMS SUSY Results® - SMS Interpretation ICHEP '"16 - Moriond '17
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Other BSM Searches
(Exotica)

35.9fb 1 (13 TeV)
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8 new analyses in CMS wih full 2016 data !
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High mass diphoton

« Largest excess @ MX =750 GeV, narrow width

« 3.4 sigma local significance

« 1.6 sigma global in range 500-3500 GeV

331" (13 TeV) + 19.7 b (8 TeV)

CANDARK 2017, ICTS
Bengaluru 5 May, 2017
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TeV

High-mass resonances in Zy —» e+e-y/u+u-y final states @ 13

« Higgs to diphoton style analysis

 Unbinned likelinood fit of
background sideband

e Supported by an independent
cut and count analysis

e NO excess seen

CANDARK 2017, ICTS Satyaki Bhattachary:

Bengaluru 5 May, 2017
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35.9fb' (13 TeV)

CMS high mass

resonance to Zy

CMS-EXO-17-005

* Leptonic and hadronic
final states

« Hadronic final state

categorized in b-tagged
and anti-b tagged based

on subjettiness ratio

* Two categories Iin light
guark jets
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CMS high mass resonance to Zy
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s CMS Preliminary 27 fb' & 36 fb™ (13 TeV)
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CMS Prellmmary 27 b & 36 fb (1 3 TeV)
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Monojet + MET

DM EFT

CANDARK 2017, ICTS
Bengaluru 5 May, 2017

DM

A = M/, /9595

DM

. < M
- QJI / -gfi' -gX
DM q DM
DM MED
g q g 4
_ ADD 5
A4 | Graviton | ¢0)
Satyaki Bhattacharya

| perturbative

Gq < 4m

Qtr
v/ 9q 9

A > =

Qtr

A7

s-channel

mpM
A >
2T

65



CMS monojet @ 13 TeV
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|C M S -y 359" (13 TeV :
- 10’32; CMSPreﬁnlﬂnary | l*
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@13TeV| i -7
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e For pseudoscalar mediator
bound is on velocity
averaged DM annihilation
Cross section
e Quark scattering suppressed
at low velocities
e« Compared with FermiLAT
CANDARK 2017, ICTS Satyaki Bhattacharya

Bengaluru 5 May, 2017

10_28 T TT | T T T T 1T | | E

29 - - __

10 CMS Preliminary

—30 n

10 Axial med, Dirac DM, g_=0.25,g_ = 1 E
107 a o -
----- CMS exp. 90% CL E

1022 3
—— CMS obs. 90% CL E

10 ¥ — PICO-60 =

‘\E 10*34 — Picasso B _é
5 1073 === |ceCube b_b *;
—_ === |ceCube tt 3

35.9fb' (13 TeVv

Super-K bb

bl \IIIIII1 T \I1 IHI\IIl IHIII1 IIIIII1 IIIIII\1 IIIIII1 IIHIII‘ IIHII1 IIIIIH IIIII\Il HIIII‘ HIIIIIl \IIIII‘ IHI\I1 IHI\IIl TTIT

10 102

10°
Mpy [GeV]

T T T | T T T T T |
CMS Preliminary

Pseudoscalar med, Dirac DM
gq =1, gDM =1

— CMS obs.

FermiLAT

35.9 b (13 TeV)

90% CL

10°

My [GeV]
67



Monojet: other bounds

35.9fb1 (13 TeV)
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Monophoton

» Photon pT > 150 GeV

» Met > 135 GeV
» No jet
» No lepton

Even_tg/GeV
o
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ATLAS Monophoton @ 13 TeV

m, [GeV]

m, [GeV]

ATLAS, arXiv:1704.03848
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Conclusion

 Many new results @ 13 TeV

* Higgs properties establishes an SM like
Higgs

» Early excess in diphoton channel faded
away

* Higgs + no new physics (so far!)
* Look forward for 2017-18 data

CANDARK 2017, ICTS Satyaki Bhattacharya
Bengaluru 5 May, 2017
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Inclusive tt cross section [pb]

top pair cross sections
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High mass diphoton [Eewes]

Signal model:
lineshape X
detector resolution

Background
model:

f(mayq)

__a+tblog(my.)
= Moy
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Higgs papers by May 2016

* (Re)Discovering H(125):

« H-4/ (13 TeV) HIG-15-004

* Hoyy (13 TeV) HIG-15-005

« ttH-multileptons (13 TeV) HIG-15-008

« ttH-bb (13 TeV) HIG-16-004
» Search for BSM Higgs production:

« BSM Summary (8 TeV) HIG-16-007
H-ZZ-4/ (13 TeV) HIG-15-004
H-ZZ-2[2v (13 TeV) HIG-16-001
H-Z({)A(bb) (13 TeV) HIG-16-010
X-HH-bbtt (13 TeV) HIG-16-013 |
« X=HH-bbbb (13 TeV) HIG-16-002 |

* Double-Higas Production

« HH—=bbtt (8 TeV) HIG-15-013

« HH—=bbtt (13 TeV) HIG-16-012

» HH-bbyy (8 TeV) HIG-13-032 (submitted to PRD)
- Exotic Decays of H(125)

» H->pubb (8 TeV) HIG-14-041

e Hoputt (8 TeV) HIG-15-011

« Z(I1)H(invisible) (13 TeV) HIG-16-008

CANDARK 2017, ICTS Gty wnt siaiacany o /o
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Strategy @ 13 TeV

Focused on strongly produced SUSY
Largest gain from 13TeV parton luminosity

Started from inclusive searches: M1, ar, HI™*°, Razor Updated
compare data to SM estimates across a large phase space, look for excesses
- No excess is observed, extract limits on cross-section x branching-ratios
- Preliminary results presented in December 2015
New New for Moriond QCD
then moved to targeted searches: stop and sbottom

similar background estimation techniques, but fine-tuned selection
- First results of 3rd generation searches showed at Moriond

All results available from: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
HTmuss SUS-15-002, arXiv:1602.06581 stop SUS-16-007
aT QUS-15-005 sbottom SUS-16-001
M SUS-15-003, arXiv:1603.04053 IZD'I;h_E;;T;IAnalP“ t;sm :’:)5 SUS-16-004
Razor SUS-15-004 Yy+MET SUS-15-012
CANDARK 2017, ICTS Satyaki Bhattacharya John Paul Chou, Moriond QCD 20189
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SUSY Hadronic search channels

* Look for pair production with simple decay chain

e Exclusion in M_produced-M_LSP plane

Gluino pair-production:
Several decay modes, all relevant depending on squark mass spectra and branchings

o 7 I b ‘ q q b :
] “,“;;«i‘i“i’“ i q ) b ) t W w
::.".“ i % y(? % Q(f % Qfl) % ~0 W -0
4-4.—0‘;‘;"‘ . - »{;: X1 Xli X1
7 New

New

Squark pair-production and decays:

New, targeted 3™ generation searches

New

mre to coe in 2 7
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SUSY Hadronic search

* Lepton veto to remove R 2215’ (13 TeV)
' Q 10°F o CMS
W S % 107 ..-:' .". Preliminary
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Gluino searches

Updated o Updated e~ T Updated Ty
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Gluino searches
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Stop Searches
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Single lepton gluino limits @ 13 TeV
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SUSY with Multileptons @ 13 TeV
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SUSY with photons @ 13 TeV
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Search for physics beyond the standard model in final states with a
lepton and missing transverse energy in proton-proton collisions at sV = §|
TeV
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Dark matter razor analysis
EXO-14-004
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Dark matter razor analysis
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Dark Matter razor analysis
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Monojet extra dim, unparticle
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Monojet @13 TeV
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Monojet @13 TeV
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MonoZ @ 8 TeV
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Mono-Z @ 8 TeV
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Mono Z @ 8 TeV
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Mono-Z
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Search for massive WH resonances decaying into the fvbb
final state at svV=8 TeV

e ex0-14-010

jet

CANDARK 2017, ICTS
Bengaluru 5 May, 2017
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Monophoton: graviton and branon
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Mono jet and mono V(hadronic) @ 13 TeV

NEW!! EXO-16-018
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Mono jet and mono V(hadronic) @ 13 TeV
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B2G-15-007

e MET + b + lepton veto

« Sample divided in categories of b
jet multiplicity

e Signal extracted from MET
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CMS diboson: 8 to 13 TeV
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Dilepton OSSF @ 8 TeV \
JHEP 04 (2015) 124
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Search for new physics in final states with two opposite-sign same-

flavor leptons, jets and EmissT in pp collisions at sv= 13 TeV

. . | ‘ : . | . | ‘ 2‘2]fb" (13 TeV)
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 Should see 61 events
offshell

o 57 1s upper limit

CANDARK 2017, ICTS Satyaki Bhattacharya
Bengaluru 5 May, 2017

L CMS Preliminary 221’ (13 TeV)
T T e . L7 . Tt e L T T
& 0 —— data =
& [0 MET Templates -
2 | | FS background |
l% 102 I Other SM =
x p (lep, )+ H > 600 GeV ]
AG(E™S, (jet. ) > 0.4
T 1,2
10 Niwe =2 E
1
§ .2 |
9 1.5 S S i it
(1=
S 1 3 t }
£ o5 —
0 50 100 150 200 250 300 350

ET'** GeV

 Should see 12 events
offshell

* 9is upper limit

111



High mass diphoton search

Ref Title M, interpreted as
spin-0 spin-2

PLB 750 (2015) 494 | Search for diphoton resonances in the mass | 150- v v
range from 150 to 850 850GeV
GeV in pp collisions at Vs = 8 TeV

EXO-12-045 Search for High-Mass Diphoton Resonances | 0.5-3TeV X 4
in pp Collisions at
Vs = 8 TeV with the CMS Detector

EXO-15-004 Search for new physics in high mass diphoton | 0.5-4.5TevV | X v
events in proton-proton collisions at vs = 13
TeV

EXO-16-018 Search for new physics in high mass diphoton | 0.5-4.5TevV | ¢ v
events in 3.3 fb? of proton-proton collisions at

NEW Vs=13 TeV and combined interpretation of

searches at Vs=8 TeV and 13 TeV.

CANDARK 2017, ICTS
Bengaluru 5 May, 2017
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High mass diphoton

 Compatibility of 8 and

13 TeV

ECMS Prefminary 33/ (13 Tel) + 10,7 i (8 Tel) ECMS Pralminary 330713 Tal) + 19.7 ' @ Tavh
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Figure 10: Likelihood scan for the cross section corresponding to the largest excess in the com-
bined analysis of the 8 and 13 TeV datasets. The left (right) column corresponds to the scalar
(RS graviton) signals. The 8 TeV results are scaled by the expected ratio of cross sections in each

SCenarios.
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Higgs to diphoton

CANDARK 2017, ICTS
Bengaluru 5 May, 2017
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HIG-15-004 €M

Rediscovering H(125)

H-ZZ-41l (13 TeV): Analysis Overview

- Excellent mass resolution: T A I TPl
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HVT Model
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ATLAS dilepton excess

excess on-shell
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Higgs singlet branching

['(h — XgmXsm)
I'(H — XsmXsm)
I'n
I

CANDARK 2017, ICTS
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Figure 1. The photon pp distribution for the candidate sample, compared with estimated contri-
butions from SM backgrounds and a prediction from ADD for Mp = 1TeV and n = 3.
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Figure 2. The 90% CL upper limits on the y-nucleon cross section as a function of M, for (a)
spin-independent and (b) spin-dependent scattering

11.1 £+ 5.6 events.

CANDARK 2017, ICTS Satyaki Bhattacharya 120
Bengaluru 5 May, 2017



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	HPS algorithm
	Tau efficiency
	b-tagging efficiency
	Slide 17
	Slide 18
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	combined
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120

