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Exploring the unknown: CMS searches for new

>

physics in 13 TeV data

Sergo Jindariani (Fermilab)
on behalf of the CMS collaboration

Fermilab Joint Experimental-Theoretical Seminar, January 15" 2016
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Things evolve quickly in particle physics

2009: Joint CDF+Dzero W&C seminar on first Higgs exclusions since LEP era
Back then Higgs was sort of “new” physics we were looking for

N

6 years later
Last SM particle discovered

Collider based hunt for new physics
continues at the LHC

But LHC Physics Center (LPC) at FNAL is a
special place for CMS

HAnd W&C remains a special seminar LPC CMS Data Analysis School’2016
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Large Hadron Collider

e Peak luminosity =—Integrated luminosity
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Large Hadron Collider

—~Over 4 fb 1 ofsl3, Te‘j‘ \. ColliSionts !
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Higher Energy = discovery ?

LHC Run-2 | ???

10 TeV
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What does more energy mean?

Min. bias R

wWZ

ZZ

Single t (s-ch.)
Single t (t-ch.)
tw

tt

ggH

VBF

VH

~ ttH
it (0.7 TeV)
1t (0.9 TeV)
qq (1.0 TeV)
99 (1.5 TeV)

gg (2.5 TeV)
Z's5 (2.0 TeV)

G* (3.0 TeV)
HSCP g (2.0 TeV)
W —tb (2.0 TeV)
Xg3 X3 (1.0 TeV)
XeaXsr3 (1.5 TeV)

Predicted cross-section ratios
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Tracker:
~1 m? Pixels (66M channels)
g L% \ ~200 m? Si microstrips (9.6M channels)
| ‘ Iron Yoke

3.8 T Solenoid"

ECAL: Electromagnetic
calorimeter - 76K PbWO, crystals
12,500 tons HCAL: hermetic Brass/
Scintillator sampling hadronic
calorlmotor
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CMS Collaboration
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| 2700 physicists, 180 institutions from 43 countries
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Higgs Discovery

From comimissioning in 2010
to Higgs discovery in 2012
CMS Integrated Luminosity, pp
Data included from 2010-03-30 11:22 to 2012-12-16 20:49 UTC
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\Y han “just” imi
ore than Ju st CMS Preliminary
Q 3 7 TeV CMS measurement (L <5.0 fo) -
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Detailed exploration of the Standard Model

= Rare processes
= Top quark mass and other properties
= Bs->ppy observation

= many others
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More than “just”

Broad program of Exotica searches

crE
LQ1(ej+LQ1(v))
LQ2(uj) x2
LQ2(pj+LQ2(v)
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LQ2 (A=1)

RS1(yy), k=0.1
RS1(ee,up), k=0.1
RS1(j). k=0.1
RS1(WW—+4j), k=0.1

SSM Z'(t1)

SSM Z'(j)

SSM Z'(bb)

SSM Z'(ee)+Z'(up)
SSM W'(j)

SSM W'(lv)

SSM W'(WZ~Ivll)
SSM W'(WZ—4j)

coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2
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CMS Prel%minary

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

HSCP stop (cloud)

q=2/3e HSCP

q=3e HSCP

chargino, ctau>100ns, AMSB
neutralino, ctau=25cm, ECAL time

Leptoquarks
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I+MET, &=0, SI/SD DM=100 GeV, A

1 2 3 4 Tev
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) ADD (yy). nED=4, MS
ADD {jj), nED=4, MS

QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
QBH (jj). nED=4, MD=4 TeV
Jet Extinction Scale

String Scale (jj)

2 3 4 TeV

Excited
Fermions

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HNCM
single py, A HnCM
inclusive jets, A+
inclusive jets, A-

2 3 4 TeVv

Multijet

Resonances
3 1 TeV

1 2

CMS Exotica Physics Group Summary — Moriond, 2015
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More than “just”

Higgs

And B2G searches

es for New Physics Beyond Two Generations (B2G)

95% CL Exclusions (TeV)

Q'-=qW(semilep+M)

T'(5/3)(dilep,ss)
T'—tZ(semilep+lep)
T'—tH(semilep+lep)

T'—=bW(semilep+lep)
T'—=bW(semilep+M)
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ttbar+MET,scalar(dil) ‘
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Vector-like T' 9, (dilep)
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2Z'(1.2%)(combined)

Z'(1.2%)(dilep)
tt Resonances

gKK(semiIep)

Z'(1.2%)(semilep)

gKK(aII-had)

2'(1.2%)(all-had)

Wi(lep)

: tb Resonances
P Wi(had)

t*(dilep)

Excited tops

ct(f)=2 cm(e+n)

Displaced tops

0O 02 04 06 08 1 12 14 0 05115 2 25 3 35 4 45 5
Excluded Mass (TeV) Excluded Mass (TeV)
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SUSY: not “around the corner”

More than ' ju st” » gluino exclusions up to ~1.4 TeV
= Stop exclusions ~ 700 GeV

= EWK gauginos up to ~300 GeV

Summary of CMS SUSY Results* in SMS framework ICHEP 2014

~
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For decays with intermediate mass,

mlntermedlate = X.mmother+(1 -X).mk;p
A TV X
1a\;(°
Sleg@@ns - - - —— - - _____________________________ - ___
g—qlv )“22
Toalv A
G—qlv »
G abtu )\Izm
G abtn )“.zaa
aﬂqq{] A"HC&IEZG
G—aqaq r"
g tbs [
G- aqgaa h”
G—aqlv [
A=l )“123
RPV | o
G bt lIzm
— Aabtu 2
G, —aqqq r"
TR —pevt )“122
TR — vt xm
TR —pvt xm
Tt as | L L | L L | L L | L L | L L L | L
0 200 400 600 800 1000 1200 1400 1600 1800
*Observed limits, theory uncertainties not included Mass scales [GeV]

Only a selection of available mass limits
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Events / 100 GeV

Significance

107"

Intriguing features ot Run-1data

Diboson resonances
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JP Chou's W&C seminar:

o x B(W' — W2) (pb)

CMS, L=19.7fb", (s =8 TeV

—— Observed
Expected (68%)
Expected (95%)
— W' ->Wwz
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Pull
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150
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CMS excess ~ 2.6 sigma below
the Z mass

ATLAS reports 3.0 sigma excess
but in the Z-peak region

http://theory.fnal.gov/jetp/talks/JPWineAndCheese.pdf
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CMS detector for Run-2

Pixel repairs [

CRYSIALECAL  1ota) weight : 12500 T
Overall diameter : 15.0 m

Overall length 215 m

' Magnetic field : 4 Tesla

RETURN YOKE

SUPERCONDUCTING
MAGNET

ek " FORWARD
" y ' CALORIMETER

HCAL Y ge; Improved Trigger/DAQ
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CMS detector for Run-2

Active Detector Fraction Run 1 to Run 2

Pixel
Strip
EB+EE
EB
EE
ES
HCAL
HB
HE
HF
HO
DT
RPC
Ccsc

90%

1/15/16

91

92

93

S.Jindariani, Fermilab W&C seminar

Fraction of active channels in Run-1 vs Run-2

Stayed stable during the year

95%

Fraction (%)

96

I Start Run 2 (May 2015
B End Run 1 (Feb 2013)

97 98

8

100%
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CMS magnet

* Impaired performance of the cryogenic system oo 0lile
N

= Maximize "Up-Time"” of the magnet

]

"

§

= 3% of 13 TeV luminosity recorded with magnetic
field ON

= Repair and cleaning of the cryo system during the
Year End Technical Stop

= We foresee the system to be ready by April
= well ahead of the start of physics production
of LHC in 2016

1/15/16 S.Jindariani, Fermilab W&C seminar
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Integrated Luminosity

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

I LHC Delivered: 4.22 fb !
] CMS Recorded: 3.81 !

| Offline Luminosity

3.0

2.5

With magnet ON: 2.8 fb!

N
=)

Certified ALL good: 2.2 fb™

1.5;| Some analyses use more (up to 2.8 fb?)

1.0f 11.0

0.5} 10.5

0.0 — ' ' ' 0.0
AW o0 25 40 AN

Commissioning results in Artur Apresyan’s talk:
http://theory.fnal.gov/jetp/talks/Apresyan_W&C.pdf

1/15/16 S.Jindariani, Fermilab W&C seminar
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CMS Run-2 results

= 33 public results based on 13 TeV data

= http:/ /cms-results.web.cern.ch / cms-results / public-results /

preliminary-results/ LHC-Jamboree-2015.html

Forward Physics and Small-x QCD

o Pseudorapidity Distributions of Charged Hadrons

o Two-Particle Correlations (the “"Ridge")

¢ Underlying Event

QCD and EWK

Standard Model
Inclusive Jet Production

Inclusive W and Z Production

Z+jets Differential Cross Section

WZ Production Cross Section

ZZ Production Cross Section

TOP

Heavy Flavours

e B Production Cross Section

Top Quark

« Inclusive tt Cross Section in Dileptons

Inclusive and Differential tt

125-GeV Higgs Boson
o Performance Studies

Cross Sections in £ +jets
Differential tt Cross Sections in Dileptons

Differential t Distributions as a Function of Event Variables
Underlying Event Measurements in tt+X Events

Single Top-Quark Cross Section

SUSY searches

Search for Supersymmetry

Higgs signal regions remain

blinded

o Supersymmetry in Multijet + Missing Et

Supersymmetry in All-Hadronic Using M,
Supersymmetry in All-Hadronic Using at

Supersymmetry in All-Hadronic Using Razor Variables
Supersymmetry in One-Lepton Events Using Large Radius
Jets

Supersymmetry in Same-Sign Dilepton Events

o Supersymmetry in Opposite-Sign Dilepton Events

Search for Exotic Pheno Exotica searches

¢ Search for Resonat

Search for Quark Compositness in Dijet Events
Search for Z' in Dilepton Events

Search for W' in Ler)ton+ETmlss Events

Search for Resonances in Diphoton Events
Search for Resonances in Diboson Events
Search for Dark Matter in Monojet Events
Search for Quantum Black Holes

Search for Heavy Stable Charged Particles

Search for Exotic Phenomena (Topologies with Heavy Quarks)

1/15/16

e Search for W’ in tb Events
o Search for X5/3 in SS Dilepton and Lepton+Jets Events
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What am I going to show:

= Standard Model “candles”

= Strong SUSY

Min. bias L]
WZ
2z

S

= Resonance searches

Single t (s-ch.)
Single t (t-ch.)
tw

tt

S S

T(G'L)13 Tev (G'L)s Tev

S

-\ Y

g (1.5 TeV)

gg (2.5 TeV)
Z'sg (2.0 TeV)

G* (3.0 TeV)
HSCP g (2.0 TeV)
Wth (2.0 TeV) |
Xg3Xs13 (1.0 TeV)

1 10 107 10° 10*

1/15/16 G13 Tev/ Og Tev
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G x B [pb]

Light the candles

W and Z production cross-section
Also measure ratios (removes lumi and theory uncertainties)

Single Bosons

T I T I T T | T T 1 T T T |l I I T _ CMS Pre/iminary 43 pb-1 (13 TeV)
= ®  CMS Preliminary, 43 pb™ (13 TeV) W ——r .1 r r r 1 r r T 1 T T 71 T 7
— ® CMS, 18 pb’ (8 TeV) W"' — HeH Observation, uncertainty (exp., exp. ® theory) Theory: FEWZ (NNLO), NNPDF3.0
4 O  CMS, 36 pb™ (7 TeV) W Uncertainty (lumi) Observation: NNPDF3.0
107" = cormunn IE T T T T T T T T T T T 4870 £ 50 + 230 £550  pb
— O DORunl - Wity |—|—|'—|—| 11330 +300p0 O " P
B A UA2 7 ] Woly Hh | gggg ::r gg?ﬁ;i 160, £ 410, pb
vouwmwm A = .. s t230pp
op e
3 e U SRl SR PP kbt ity o
°E « - e
B = 4 | . T T T T T T T s k0010, v 0021
B PP ] W sI'v I Wsly f—e—i 1354 40011 syt
= i N P P S 596+004__+0.10_.
W'si'v 1 Z-10 —— 6.06 + 0 Ossm syst
21 N I 450+003,,+0.08 .,
10°E 3 Wiy /Z-I —o— 445+ 0.00™ syst
— Theory: NNLO, FEWZ and NNPDF 3.0 PDFs ] T T T T T T T T 046006 +0.46 T
— | Wolv / 211 e 10.55 + 0.07stal syst
L . L L L C | L L ] I I | I I ] ! I I ] I [ ] I ] ] | ] I
0.5 1 2 5 7 10 20 0.9 1.0 1.1 1.2
Center-of-mass energy [TeV] ratio (exp./th.) of total cross sections and ratios
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Light the

0(27)=16.7 + *>9_ ¢ (stat) **7_, (syst) + 0.3(theory) + 0.8 (lumi) pb

. Theory prediction: 16.5%°7, ; pb
: T [ T [ [ T [N |
Heavy Dibosons > | | | | | |
> 14 o
; C I —+— Data 7
LI I I | I T 1T I T T TT LI | T TT 1T T T T TT |1l -|3l4| flbl T (|113| l-rlelvl) g : E qq_)zz_)4f :
> - CMS 1 3 10 B g9-ZZ-4¢ _
Q) 50— e 1 o - B Z/WZ+X —
o " Preliminary 4 i
QY — 1 © L _
E - ¢+ Data 1 > 10 |
c 40— Wz — w |
e r i ] i i
e r B VVV . - i
30— B 7y = 8- ]
C . v ] - E
20 :_ Data driven _: 6 - B
10 . - i
- 7] 4+— |
O —I 111 Lodol | | I | 1111 I | | 1111 11 » : :
O 1 5 ) ) L] 3 2 |
S oo S S R e G i i
8 ~0 50 100 150 200 250 300 350 400 450 500 0 B L]
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0(WZ)=36.8+ 4.6 (stat) 8 . (syst) + 0.6(theory) + 1.7 (lumi) pb Ma [GeV]

Theory prediction: 42.7¢ ¢ pb
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Inclusive tt cross section [pb]

Light the candles

Top — one of the major backgrounds in many searches

Top pairs

=

% Tevatron combined 1.96 TeV (L< 8.8 fb™) CMS

0=769 * 60 (stat) + 55 (syst) £92 (lumi) pb

A CMS dilepton 7 TeV (L=2.3 fb")
® CMS dilepton 8 TeV (L =5.3 fo')
® CMSen 13TeV (L=42pb™

T IIIIII|

[

T

1000 1
102 [
8oof

600F .

T

=—— NNLO+NNLL (pp) N N .
= NNLO+NNLL (pp) 13
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

m, = 172.5 GeV, PDF ® o uncertainties according to PDF4LHC

| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 L

|
2 4 6 8 10 12 14
\s [TeV]

‘ \s ‘[TeV]

10

Single top t-ch. q/

W—I-

Also measure cross-section in lepton+jets
channel (inclusively and differentially).

o(theory) = 832+40 pb

1/15/ 16b S.]indariant Fermilah

o) C I T T ]
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C
5 . CMS |
e — . . —
§ Preliminary
@ 10°E F
o o .
o - Tevatron 1.96 TeV (L <9.7fb™")
g i arXiv:1503.05027 ]
% B A CMS7TeV(L=1.171561") |
s JHEP 12 (2012) 035
_g 10 = m CMS8TeV(L=19.7f") 3
- B JHEP 06 (2014) 090 .
- ® CMS13TeV(L=42pb™) ]
B NLO+NNLL QCD + (scale ® PDF) CMS-TOP-15-004, preliminary
Kidonakis, Phys. Rev. D 83 (2011) 091503
1 | | 1 1 | | 1 | 1 | 1 1 | | 1 | 1 I | 1 L |
2 4 6 8 10 12 14
\s [TeV]
= 274 + 98 (stat.) * 52 (syst.) + 33 (lumi.)
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SUSY-driven searches

1/15/16

I DON'T ALWAYS LOOK FOR NEW

)

BUT WHEN DO, | PREFER
SUSY

emegenerator.ne

S.Jindariani, Fermilab W&C seminar
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SUSY Strong gluino pair production has

largest cross-section

LPCC SUSY o WG /
10017 % LI DL I L L I AR s 8
10° 3
B Q
e N
; 10%
10! »

| ||||l|||
Illlll | llllllll | lllllll| | llIIIIl| | lllllll|
[a—
-
W
1

= o
[\®)
#events in 20 fb’

NLO(-NLL) o(pp— SUSY) [pb]

AL S s N N e ]
10" =500 400 600 800 1000 1200 1400 1600
SUSY sparticle mass [GeV'

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections arXiv:1206.2892
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SUSY

1/15/16

0-leptons [ 1-lepton | OSDL | SSDL__[23 leptons |

Jets + MET Single Opposite- | Same-sign | Multi-lepton
lepton + sign di- di-lepton +
Jets + MET |lepton + jets | jets + MET
+ MET
Large SM backgrounds Low
sensitivity to strongly produced SUSY

e

S.Jindariani, Fermilab W&C seminar
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SUSY

0-leptons | 1-lepton | 0SDL | SSDL__[23 leptons |

Jets + MET Single Opposite- | Same-sign | Multi-lepton
lepton + sign di- di-lepton +
Jets + MET |lepton + jets | jets + MET
+ MET

SM backgrounds

sensitivity to strongly produced SUSY

Sensitive to broad range of models. Main focus with early dataset.

Four analyses. Three with strong connection to the LPC.
Use different topological variable to discriminate data from BGs.
Use different background prediction techniques (data driven!)

Cross-check! Cross-check! Cross-check!

1/15/16
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SUSY hadrOmC

Large number of jets
Large missing transverse

1/15/16 S.Jindariani, Fermilab W&C seminar 29




SUSY hadromc
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SUSY hadromc

Typical backgrounds: / Not reconstructed lepton

Lost Lepton:

Real E;™ss from
the neutrino

1/15/16 S.Jindariani, Fermila seminar
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SUSY hadronic

CMS Preliminary 2.2 " (13 TeV)
 70¢
C B R
Classic case H. + Hmiss; 2 6ot oate W iggton Ll lepion’ Bz [aco
T T 505_ — pp — §9, § — bb %‘: (mg = 1400 GeV, mi" =50 GeV)
HT _3 E-l-iets 405 \ pp — 69, § — bb )Ngf(m§=900GeV,mz:=700GeV)
30 Nb-jet >3
- Himiss: ~ E.™Miss from jets 20F
100 b .
0 SN NN NN —
—~ (T N
Ww|a NN
e
O S b b b b b b

200 300 400 500 600 700 800 900 1000
HmISS [GeV]

Other analysis use different variables: My,, @ T, “Razor”
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SIISY hadronic

(HT’ HTmiss)

unrolled into 1D IS Preliminary

2.2 7 (13 TeV)

4<N, <6 7<Ng <8 N 29

2 > 3 + Data

von [ v
5 lepton acp

2 -jih N ' | .ﬁii : iii; u k;

SN R

N N o, B !i.% & §Q ] » .H;
IR ¥ | NN R NN
‘ N RN | N _
Sameit foety: \4\%’*1} i i »s\\\ﬁ&\@b& ¢§\&\\\
- |1|0| ~ I2|0| - |3|0| — I4IOI ~ |5|0| - |6|OI ~ I7|0_;

Search region bin number

Data consistent with SM expectation

1/15/16
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SUSY hadronic

CMS Preliminary 2.2 7 (13 TeV)
wn T T
GC.) 5 4 < Njet <6 7 < Njet 8 Njet 29
> 10 - .
LIJ b'Jet : : + D ¢
> I | ata
10 - i
. g—>bb g->tty :;‘I’ost:,n ! Z vy
: ! < ; )
N . [ tasrenie [ aco
10 -
e .
10_1 _—L | 1 ! I ] & . NI
Sl 2 Qﬁ w&\ % NS \
x
wfg 1 \ N \
é' n _C: \bvas*\\J;ﬂo\*K »«i\} ,#K \g\\ﬁ&\ \\\&\
= 9 L —E
50 60 70
Search region bin number
Data consistent with SM expectation
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SUSY hadronic

Set limits in ( gluino, neutralino ) mass plane

pp — g0, g — bby? Dec 2015

T 171 | T T | L | L I L | T 1 | T

800

>’ 1800
8 B CMS Preliminary — Observed ---- Expected
= 1600~ —SUS-15-002 (#4), 2.2 fo'' (13 TeV)
£ [ ~SUS-15:003 (My,), 2.2 fb" (13 TeV)

1400{— —SUS-15-004 (Razor), 2.1 fo’' (13 TeV)

- —=SUS-15-005 (0i7), 2.2 fo™' (13 TeV)
1200 —SUS-14-011 (Razor), 19.3 fb™' (8 TeV)
1000(— P Nk

lIIIlIIIllI|ll||lll|lll||ll||lll|lll|

600 m
400~ Run-1
200

| l |
1800

11 1 | 11 | | 11 1 | I I 1| : H .:
6900 800 1000 1200 1400 1600

S
Run-1 -> Run-2% [GeV]

Exclude gluino masses up to 1.7 TeV within this model
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SUSY hadronic

= For some signal models leptonic channels contribute significantly
= Some analyses combine:
pp — gg, g —tty° Dec 2015 1800 CMS preliminary 2.1 (13 TeV)
;‘ ;\ T T ‘ T T T | T T T | T T T | T T T I T T T | T \__ ; —— 0 ‘ 7 'E
8 1800: CMS Preliminary — Observed ----Expected ] (5 1600 PP — 93,9 — tt7‘1 NLO+NLL exclusion —= 1 %
= 16001 _SUS-15-002, 0-lep (Hy), 2.2 fb’ (13TeV) = “Razor” analYSIS - fgfseeg‘t’:gf: Otneory | 2
T —SUS-15-003, 0-lep (Myy), 2.2 fb (13 TeV) ] 1400] °°° T 1 G oxperiment 8 Q
= 1400 —SUS-15-004. 0-lep (Razor), 2.1 fb” (13 TeV) N example = razor OL+1L ’ 1 8
[ —SUS-15-004, 1-lep (Razor), 2.1 fb" (13 TeV) ] 12000 - 1 9
1200~ —SUS-15-007, 1-lep (M,), 2.1 fb” (13 TeV) - - 1 e
T —SUS-15-008, 2-lep (SS), 2.2 fb™' (13 TeV) ] C 4 {10 o
1000[- —SUS-14-010, 0+1+2+>3-lep, 19.5 fb™' (8 TeV) = 1000F 7 S
800 - 800;— o p — 1 £
. . N e 7 @
600 Combining Black (1- |®%F 3 | 402§
400’ lepton) and Green |40 I
~ i 10 4 &)
200 1)) i (o-lepton) 200 A|
H 1 i 1 5 Yo
PRI SRR N N N R R W E:'.1'|||1||1—| O|||||||||||||||'||. i ||_-10—3m
&0 800 1000 1200 1400 1600 1800 800 1000 1200 1400 1600 1800
m, [GeV] m, [GeV]
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Dilepton + MET

Two leptons (same flavor, opposite charge), jets and MET

AT]_A.AS Run-]. reSUIt I T 11 | TT1 | T 11T | TT1 | ] CMs CMS Run 1 reSUIt
T —e— Data E e S I LI B B 1
(,_g i ATLAS %44 Standard Model ] 180 + Data -
o120 o TeV, 20.3 fb™ [ Flavour Symmetric ] 1soF- —~Fit
~ - [ ] Other Backgrounds - g -FS
*2 10‘_SR'Z e m(g)1=(700,200)GeV_ > 1401 g
$ 100 = ] (TR & DY ]
S I m(g),u=(900,600)GeV ] G 120F ] —_
L i ] w o Signal 1

8l _| P 100:— AT n _:'
i PN ] ‘QE, sof- 1AF SF central leptons

i ALk SREY ] > Lo : 1
6_— ® o W 6o fis- i .
T e . aof H ]
4__ ® ... __ 205 i E
o @ Eepr Lo —: e | :
P e e, < RN E R YRR

o 110 o 4F + ]

82 84 86 88 90 92 94 96 98 100 L RN

50 100 150 200 250 300

m, [GeV] o GeV]
]
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Dilepton + MET

Two leptons (e+e- or p+p-), jets and E ™

ATLAS Run-1 result e
A & —e— Data .
(,_g L ATLAS %44 Standard Model ]
ai 1 2__ 's=8TeV, 20.3 fo! [ ] Flavour Symmetric |
~ - [ ] Other Backgrounds
2 100 SR-Zee . m(G)1=(700,200)GeV_]
- S m(9),1=(900,600)GeV 7
(NN L i

8- ]
6F ¢ .
4k - ® ... -

82 84 86 88 90 92 94 96 98 100
m, [GeV]

Y @ q
__,\_{:xc;

1/15/16 On-shell 7 q

CMS CMS Run-1 result

200 1T

+ Data
—Fit
FS
DY
Signal

SF central leptons ]

Events /5 GeV
8
|

Pull
i
whhLoanw

T T T T T T T T
et i :
—o— L O -
—— 3

—e |

I —o—]
I —eo—]
' | lll Ll Ll Ll L Ll L lllllll Ll lllllll Ll




Dilepton + MET

More signal regions than in Run-1:
= Binin Nig Npjers, ETriss and M,

miss

Special signal region following ATLAS recipe

) CMS Preliminary 221" (13TeV)
Drell-Yan like —+— data .
background I MET Templates

[1 FS background
I Other SM

Events/25 GeV

Enters through
limited detector
resolution of the
hadronic recoil

Zp.(lep )+H >600GeV
A@(E:?", (jet, ) >0.4
Nou =2

Flavor symmetric
background:

1 lllllll LAl lllllll

Top, W+W-, Z->TT

others

c 2
gl% ”;F' 3 f { Y
b 0.5,_ ......................................................... —

0 50 100 150 200 250 300 350
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Dilepton + MET

-1
00— 11— On-shell Z | 2|.2 flb |(1s|* T|eV) o e
L " i > [~ I ! ! I T ! I ]
CMS b back d 8 300 CMS Central signal region
i i ata —backgroun uncert. - Preliminary Dat -
- Preliminar - ¢ Dala
80 - Y _| S 250 Total backgrounds —
- - = - Drell-Yan -
N
- B 4+ . | Totaluncert.

- Niots = 2-3 N. >4 1 § 200 Scaled 8 TeV signal fit: 7
60 — H- > 400 GeV jets = m LI>J B m; = 300 GeV hypothesis 7
i T } 150 e m; = 500 GeV hypothesis
: : m; = 700 GeV hypothesis

40 n 100
7,\ ]
d - 50
O
20 A
0
O s s sss>55>>55>>0
O O O O O O O O O O O O O O O O W, © 2
(O OO ONONOOONOIONONORO RO NP c ;
O OO0 OO OO0 WO OO WwOo ocg > 1.5 -
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OO W ANO O ANO o Ao ouw A< —~ 1 -
O 1 AN o O 1 AN o O 1O AN ¢ O 1 AN o [0
— — QN 2 ~ ~ QN @ ~ ~ QN @2 ~ ~ QN @2 -— -
0 1) 17 E- o n 1) E- o 1) 1) E- o 17 1) € - ©
Qo o U e o 9 Ue o 9o We o o LW 0 5
E-Er Er E—-ErE E-E-E E—-EE a v
w w w w w w W w w w w w 0

Data consistent with expectations
SUSY interpretation of the Run-1 excess is strongly disfavored
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SUSY summary

| 1-lepton Same sign dilepton ‘
CMS Frreiiminary CMS < —
— 1800 = = = R— . =
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Resonance searches
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Dilepton resonances

Bread and butter search

Backgrounds:
» Z->11

»= Top, Dibosons...
= Fake leptons

5 2.8 (13 TeV) e 2.6 o' (13 TeV)
g’ .:84 ) Dat:':\ | _cms ?DJ 184 ¢ Dat:a\ | _cus
= s O viz—u'w Preliminary = 5 O yizoe's Preliminary
2 10 I tt, tW, WW, WZ, ZZ, 2 10 I tt, tW, WW, WZ, ZZ, tt
@ 402 ] Jets @ 402 ] Jets
w ‘M = w "M =
10 Narrow Z (MZ. 2 TeV) 10 Narrow Z (Mz- 2 TeV)
1 1
10 10
1072 1072
10°° 10°°
107 107
10°° 10°° 1
1 0_6 L 1 1 l 1 1 L 1 1 0—6 L 1 1 l 1 1 L 1 1 1 L 1 I
70 100 200 300 1000 2000 70 100 200 300 1000 2000
m(uw) [GeV] m(ee) [GeV]
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Dilepton resonances

Bread and butter search

Backgrounds:
» Z->11

»= Top, Dibosons...
= Fake leptons

5 2.8 (13 TeV) 5 2.6 o' (13 TeV)
% 10 o " cMS > 10 o " cMs
& 10* ¢ Data - o 104 ¢ Data -
= s O viz—u'w Preliminary = 5 O yizoe's Preliminary
£ 102 I tt, tW, WW, WZ, ZZ, £ 102 I tt, tW, WW, WZ, ZZ, tt

10 [ Jets 10 [ Jets
Lﬁ 10 Narrow Z' (MZ. =2TeV) Lﬁ 10 Narrow Z' (MZ. =2TeV)
1 1

10" ¢ 10

1072 1072

107 107

10 10

107° 107° 1

1 0_6 L 1 1 I L 1 L 1 0—6 L 1 1 I L 1 1 L 1 I

70 100 200 300 1000 2000 70 100 200 30 1000

2000

m(uw) [GeV] m(ee) [GeV]

At high mass resolution in ee channel is better
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Dilepton resonances

2.6 fo (13 TeV ee) + 2.8 fb™ (13 TeV, pp)
— R e
—— 0bs, width = 0%
—— obs, width = 0.6%
—— 0bs, width = 3%
------ median, width = 0%
------ median, width = 0.6%
...... median, width = 3%
Z'ss\ (LOX1.3)
—— Z'rg (LOX1.3)

104 g
CMS

Preliminary

1 0_5 b \‘

-
~usf\" ~
~ 2N -~

--------
LR L T R,
) -

o(pp—=Z'+X—= 1+ X)/6(pp—>Z+X— l1+X)

_7 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1
10 500 1000 1500 2000 2500 3000 3500

M [GeV]

Excluding at 95% C.L. Z'(SM)<3.15 TeV and Z'(¢¥) <2.6 TeV

Exceeds corresponding Run-1 207 limits of 2.9 and 2.5 TeV
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Dijet resonances

do
dmii|\ QCD

qorg qorg / New Physics
X
q or g/ \or g i

Strong production: dijets provide
an early discovery potential
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Early Run-2 Analysis

1/15/16
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(Data-Fit)/o
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L +
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= M;> 1.1 TeV ’
E  Wide Jets

Lumi section: 347
Dijet Mass : 5.4 TeV

Jet 0,

pt =2.62 TeV
eta = 0.357

phi=0346 |

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 12 01:52:51 2015 CDT
Run/Event: 251562 / 310157776

phi = -2.885

Jet 1,
pt =2.55 TeV
eta =-0.160

.y

1 M]]=5.4 TeV r

1500 2000 2500 3000 3500 4000 4500 5000 5500 e o
Dijet Mass [GeV] Best Run 1 limit was 5.0 TeV
. | Model Final State | Obs. Mass Limit | Exp. Mass Limit

f [TeV] [TeV]
String Resonance (S) qg 5.1 5.2

g Excited Quark (q%) qg 2.7 2.9

Scalar Diquark (D) qq 27 3.3

|| Axigluon (A)/Coloron (C) qq 2.7 29

|| Color Octet Scalar (s8) gg 2.3 2.0
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New Dijet Analysis

24" (13 TeV
3‘102§ ICIIMlsl T 1T T 1T T 1T T 1T I T l(l I T Ig)
- --. Stri 3
241" (13 TeV) = - Scrg?gr diquark
; T T T | T T T T | T T T T | T T T T | T T T T | |: < ~ o e EXCited quark —
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S —+— Data ] m 10E " Color-odtet scalar 3
— & —— Fit = o F. e ;V :
o) - % 0 e QCD MC - i . RS graviton T
2 102 SRTEIRTEY Color-octet scalar (3.1 TeV) ] 1k -
= e Excited quark (5.0 TeV) = - f_%gﬁiuzﬁ?;ﬁggmits E
é: - —mmm Scalar diquark (6.0 TeV) . - *.. —e quark-gluon .
o 10 — ] i x\—a— quark-quark n
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o) i i - O % i
© 1 §_ _§ r kX \\\ .‘A"’&, h ~. 7
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= y - S State Limit [TeV] Limit [TeV]
"R R N T T R N ST N S T T N T T A ] String qg ‘7.0 69
' : i : P Scalar diquark qq 6.0 6.1
Axigluon/coloron  qq 5.1 5.1
Excited quark (q*) qg 5.0 4.8
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Heavy PW (W) qq 2.6 2.3

Plletmass [TeVl | T imits extended up to 7 TeV
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Diboson resonances

( wez
X

W/Z

.

~

J

s

.

woo)
4
v

J

Event looks like a dijet

f,v,q,r,...

‘,v,q,t,...

l,v,?,t,...

| 1/15/16

f,v,q,t,...
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mass of X = 1000 GeV
pr of W/Z/H < 500 GeV
ARwqq ~ 0.4

Above M, =1 TeV
hadronic decay products
of W/Z are reconstructed
as a single jet object
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W-tagging

N-subjettiness: a measure of how consistent a jet is with having N sub-jets

1 :
™~ == prymin{AR; s, ARy, - , ARy}
dy -

CMS Preliminary Simulation, (s = 8 TeV, W+jets

c
O
— X — W W,, Pythia6
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22 == 58 — o 250<p <350Gev —— +<PU>=22+sim.
- - .7 el = 0.3+ M4 00 +<PU> =12 + sim. -
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1.8p ¢ 54t . a \ Q e +<PU> =12 + sim.
' . N 0.2} -
180! « B 52 ! G a L
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to maximize S/B
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Diboson resonances

1/15/16

261" (13 TeV
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Diboson resonances

2.2-26f" (13 TeV)
T

10

:l | T T T T | T T T I | T T I ':
E CMS JJ + Ivd channels E
: Préelim/'nary —&— Asymptotic CL S Observed :
- : : - Asymptotic CLs Expected = 16 _
___________________________________________________________ Asymptotic CLS Expected + 2c ) i

Oy (PP = W)

e

= No excess at 2 TeV

Gyss, X BR(W' — W2Z) (pb)

T IIIIIIII

e B I e R B h s

» Modest excess in 2.5-3.0
TeV range

T IIIIIII]
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Diboson resonances

2.2-26f" (13 TeV)
3 1 O El | T T T I I T T T I | T T T T E
\% C CMS JJ + IvJ channels :
—~ i Préel/m/nary 5 —#— Asymptotic CL S Observed :
N L fSEEEEE  Asymptotic CL Expected + 1o —
; ____________________________________________________________ Asymptotic CL Expected + 26 _‘_ CMS, L=19.7 fb'1, /s =8 TeV
T o (PP = W) z ]
= C 0 — Observed
= C 3 —_ 1 ] Expected (68%)
S~ .Q 3
o = H o Expected (95%)
s ~
m ST AN 2 — W'—-W2
X 1 O = g
2 - :
0 - H
[} - . 1\
o L |
1 0-2 RO OSSOSO ............... | 34
- @
- X
L @)
- I | | | Il
1 3 | -
0 1 2 l 1 l 1 1 I

1 1 L 1 I 1 1 1 1 1 l 1 1 1
1 1.5 2 25 3
Resonance mass (TeV)

Have not yet achieved Run-1 sensitivity
Need more data for conclusive answer

We also set limits on Graviton production
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Diphoton resonances

Two isolated photons ( pT>75 GeV and Inl<2.5)
Search range 500<Myy<4500 GeV
RS graviton model as signal

Events with both photons in the endcap (In/>1.44) are rejected

CMS Simulation 13 TeV %10° CMS Preliminary 2.6 (13 TeV)
< - <) T T T T | T T T T T T T T | T T T T
X C %
w 0.6 O] 7 co
- - % -
- T 50| EBEP o data §
0.5 ; B D . . i
u —— EBEB X = 001 g simulation
04r — EBEB ¥ =0.1 i I
C — EBEB % =0.2 100 |- =
0.3 N i
C — EBEE «x = 0.01 B
0.2:_ —— EBEE lf =0.1 :
3 — EBEE « =0.2 50 —
0.1 I
0 : 1 | 1 1 L 1 | 1 1 | 1 1 | 1 :
1000 2000 3000 4000 0 Lo 7
Mg (GeV) 70 100 110

Meo (GeV)
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Diphoton resonances

Total of 1218 (596) diphoton pairs are selected in the EBEB (EBEE)

category.

97 (163) diphoton pairs with an invariant mass above 500 GeV

CMS Preliminary 2.6 b (13 TeV)
— : : : —
> EBEB category D 12
0} ~ 0}
& 10° &
2 PR % 10
§ 10 + §
w t Data PR w ]
1 == — Fit model HT
t1c
10'=lllt20 10°
B A S 4
> 2 \‘\‘ ..... B8 PPN > 2
E 0 A = 0
o TP o R A5 LIRSS SR S ©
£ 2F £ 2
KT S — T -4
3x10?  4x10%® 5x10? 10° 2x10°
m, , (GeV)
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95% C.L. limito(pp— G—yy) (fb)

Diphoton resonances

Combined EBEB and EBEE

CMS Preliminary 2.6 fb' (13 TeV)
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Events / 40 GeV

Data - fitted background

ATLAS diphotons
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Diphoton resonances
8 TeV analysis (HIG-14-006) Combined 13TeV and 8 TeV

19.7 b (8 TeV)
3 T | LI I T 1T [ LI I LI | LI I LI | T T . . R A
8 ! ! ; . [Allclasses combined ‘ . CMS Pre‘llmln:ary : 266" (13 TeV) + 19.7 6" (8 TeV)
3 T',= 0.1 GeV; spin- N g \ / Vo
’;.81 Observed - |~ ',r" ’_‘
> - - ‘ S I S = R e I R R
g - Expected + 1q 10" 3 \/
- --- Expected + 2qg E ! oo
i 102 3 % =0.01 ’
T : - Combined .
S - N e 13TeV
- - 8TeV
I e Y N R TR 30
: : : : : : : 10-3 l l 5
v v by v b e by 8y 5x1 6)(102 7x102 8x10
200 300 400 500 600 700 800 mg, (GeV)
m, [GeV]

Local: 3.00
Global: 1.70
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On Inspire:

1. Search for new physics in high mass diphoton events in proton-proton collisions at 13TeV
CMS Collaboration. 2015.
CMS-PAS-EX0-15-004

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server : Link to Fulltext

Detailed recor‘! - Cited by 125 records I Since the submission on Dec 16th

The 750 GeV diphoton resonance in the light of a 2HDM with S3 flavour symmetry

Interpreting 750 GeV Diphoton Resonance in the NMSSM with Vector-like Particles

= Interpreting the 750 GeV diphoton excess in minimal extensions of Two-Higgs-Doublet models
= Implications of Gauge Invariance on a Heavy Diphoton Resonance

» Interpreting 750 GeV diphoton excess in SU(5) grand unified theory

* Interpreting the 750 GeV Di-photon Resonance using photon-jets in Hidden-Valley-like models
= The Minimal Scalar-Stealth Top Interpretation of the Diphoton Excess

» Higgs-radion interpretation of 750 GeV di-photon excess at the LHC

= Running after diphoton

* and many many others
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On Inspire:

1/15/16

What is the origin of this excess?

[s this a new particle? Couplings? Spin?

How does it fit into bigger scheme of new physics?
Are there more resonances? At what mass?

Time and more data will tell!

S.Jindariani, Fermilab W&C seminar
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From M.Lamont’s talk at

Happy NeW Ye ar 201 6 Evian'is workshop

= In a new place - end of first year of operations after a long stop after Run 1.
= Having got over the hangover...

March May November
Technical stop || Re-commissioning || Proton-proton running Heavy lon
running
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Happy New Year 2016

= In a new place - end of first year of operations after a long stop after Run 1.
= Having got over the hangover...

March May November

Heavy lon

Technical stop | Re-commissioning |Proton—proton running
running

Expect:

é: W | |- ~20f7in2016
[ GREATER

i i = ~100 fb' by end of 2018
LET'S MAKE LHC GREAT
AGAIN

memegenejg
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What to expect in 2016?

More data helps:
* Improves statistics
= Better handle on systematics
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What to expect i1 in 2016?

More data helps Differential X-Sections (BGs, PDFs)

* [mproves statistics * W/Z plus Heavy Flavor

= Better handle on systematics |. Multibosons, ttV

* Anomalous Couplings

. .. Standard Model
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What to expect in 20167

More data helps:
* Improves statistics

= Better handle on systematics

Interesting after ~5 fb™ nggs

(Anomalous) Couplings, Mass, Width

H->bb after ~10 fb*
W&C by Si Xie:
ttH after ~20 fb™ http://theory.fnal.gov/jetp/talks/Si-FNALWineAndCheese20150515.pdf
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What to expect in 2016?

More data helps:
= [mproves statistics * W/Z plus Heavy Flavor

= Better handle on systematics |. yiultibosons, (v

* Interesting after ~5 b

* (Anomalous) Couplings, Mass, Width

W&C by Si Xie:
http://theory.fnal.gov/jetp/talks/Si-FNALWineAndCheese20150515.pdf

*  Watch early excesses New PhYSiCS

« Extend the reach. Need to ~double the dataset.

« 3" gen SUSY with 5-10 fb™.

* Electroweak ~20-30 fb*
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Conclusions

= CMS had great year coming out of shutdown. Feels great to be running
again!!l

= With 2.8 fb' of data we are in the uncharted waters

= Expect new/updated results based on 2015 dataset by Moriond. More
by ICHEP and end of the year 2016.

= Next year promises to be exciting, with rich physics program ahead.
Stay tuned for updates

Fireworks in
Geneva, Switzerland
on New Years Eve
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Backup
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hysics objects

Lepton identification and energy scale
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10 MUOHS 2.7 b (13 TeV)
> 10 E paths
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o U_L) (GeV)

Ratio

Physics objects

Jet/MET energy scale and
resolution, b-tagging

MET resolution from Z events

13 TeV
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SUSY hadronic

Entries

1/15/16

Ratio

CMS Preliminary, 2.2 fb"'at {s =13 TeV
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Backgrounds:

= QCD - can be strongly suppressed with MET and
topological cuts

= Z+jets -> Vv + jets

= Lost lepton (W+jets, top, dibosons) with lepton not
reconstructed in the detector
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SUSY hadronic RA2
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SUSY hadronic

HT+MHT, My, aT,

. CMS Preliminary 22" (13 TeV)
Classic case HT g7
L?>j 60 + Data lepton < lepton - Z-w D Qcb

+MHT:

——pp 58§ >bb X, (m, = 1400 GeV, m,, = 50 GeV)

HT: scalar sum of the iz (P 0B Ay oGm0 Got

jet pT’s NN Nojer 3
-  MHT: negative 20

vectorial sum of jet T SRS

o | o ——tmese
JadhS

200 300 400 500 600 700 800 900 1000
H_[]T"IISS [GeV]

M, (Stranverse mass ):

+ in case the mass of the unobserved child m,
were known, the endpoint of M1z would
correspond to the parent mass m,.

For SUSY MT2~MET, for QCD MT2<<MET
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"Razor”
Razor:
p_ | EE @) +0F) - Bper - (3 + 72)
Mp = \/
2
/ = 7
Mr = /(1] + 173 ])? = @2 + p2)?
R— 1\1{5

* Binin Myand R
» Large R for signal, small
for QCD

peaks at 0.5 for QCD!




SUSY hadronic

1/15/16

S.Jindariani, Fermilab W&C seminar

= No real E;miss

= Removed by large
E;m'ss requirements
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SUSY hadronic

Lepton we are S

vetoing on Real E;™ss from the neutrino
|
t | Probability of top event to
. pass lepton veto:
t - Electrons ~30%

- Muons ~20%
- Taus ~50%
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SUSY hadronic

1/15/16

Lepton we are
vetoing on

 —

S.Jindariani, Fermilab W&C seminar

Real E;™ss from the neutrino

Primarily interested in
modeling of hadronic recoil

Control

Region:
1- lepton

Extrapolate using MC
corrected for lepton id/reco
effects
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SUSY hadronic

[rreducible Z+jets ->vv+jets background
= Use similar signatures in data
= Project into search region

4 MET
VA ¢
bia
e
i
Zf
/ V
P
Ha 7 4
1\[[ at £ ’lﬂ
II/' : {4
ik 'II \Y
le V\Q )
Clean and direct, Large stats, but has BG

Buflow stats. and theory uncertainties




SUSY hadronic

[rreducible Z+jets ->vv+jets background
= Use similar signatures in data
= Project into search region

MET ‘ We use all of them
V¢ ;1 . 15EMS '.’rF".m.i".arP’. _ ——— |2.2|fbl“(l13|TellE)
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I b | ! 71 = ]
I ,/ i l/, - i
"' l4e vV i ‘
Z[, WI' Y S s T : ;

= - =y 200400 800 800 7000 1200 1400

M, [GeV]
Clean and direct, Large stats, but has BG

Buflow stats. and theory uncertainties .




SUSY hadronic

= Set limits in (gluino, LSP) mass plane

pp — g9, g —>ti s

Dec 2015
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Dec 2015
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Dilepton + MET

CMS 19.4 b (8 TeV)

2.2 fb' (13 TeV)
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Dilepton resonances

& | CMS Experiment at the LHC, CERN
E "';.'f'.,'-‘j‘g;; Data recorded: 2015-Oct-30 19:23:54.631552 GMT
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Diboson resonances

3 61" (13 TeV ; . . .
> e esd - Define categories (W-like or Z-like) based on jet
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W-tagging

N-subjettiness: a measure of how consistent a jet is with having N sub-jets

1 :
™~ == prymin{AR; s, ARy, - , ARy}
do -

Boosted W Jet, R=0.6
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------

.......
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Diboson resonances

2226 " (13 TeV) 2226 " (13 TeV)
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W’ -> lInu
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2.2 (13 TeV)
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W’-
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Fraction

Diphoton resonances

* Three main backgrounds:
e Prompt diphotons
e Photon+jet
e Dijets
* Background comparison using 2 methods (template fit in the
isolation distribution and simulation)

CMS Preliminary 2.6 (13 TeV
( ) CMS Preliminary 2.6 o' (13 TeV)
| EBEB - c
i Y e L EBEE -Y Y
B a8 0 | :
L . S =7
=] — .
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Y 1 1.2

. 1.4 1.6
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Diphoton resonances

2.6 fo' (13 TeV)
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Events / (20 GeV)

Data/MC

Diphoton resonances

* Three main backgrounds:

e Prompt diphotons
e Photon+jet

e Dijets
* Background comparison using 2 methods (template fit in the
isolation distribution and simulation)

CMS Preliminary 26 o (13 TeV) o CMS Preiiminary 26 b (13 TeV)
1 »]
| Data 3 coce | Data
o 2
L vy g [ vy
P
£ 10
g
]
1
107
I 1 1 O 10.;' 1 1 1 1 1 1
- 4.4 Berestsisimicisisimrarsisisasernind
= 1.2 reTere: roveTeT
l S 1 |
[ S osf e l
""""""""""""""""""""""""""""""""" XIOJ 8 0.6.‘_‘"“"“""‘"""""““"""""""““""""""""‘""‘x]ox
1 1.2 4 1.6 0.4 0.6 0.8 1 1.2 1.4 1.6
m, , (GeV) m, , (GeV)

1/15/16 S.Jindariani, Fermilab W&C seminar 89



95% C.L. limito(pp— G—vy) (fb)

Diphoton resonances

a+b-log(m
= Background: f (m'y'y) = Moy & W).
= Signal: intrinsic RS width, corrected for the additional Gaussian smearing

CMS Preliminary 26" (13 TeV) +19.7 fb' (8 TeV) 12 CMS  Preliminary 2.60" (13TeV) +19.7 6" (8 TeV)
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Diphoton resonances

mg (GeV) | category | K FWHM (GeV) | & FWHM (GeV)
500 EBEB 0.01 14 | 0.2 36
500 EBEE 0.01 22 1 0.2 42
1000 EBEB 0.01 27 | 0.2 74
1000 EBEE 0.01 43 | 0.2 85
2000 EBEB 0.01 54 1 0.2 147
2000 EBEE 0.01 76 | 0.2 163
3000 EBEB 0.01 9 | 0.2 225
3000 EBEE 0.01 110 | 0.2 254
4000 EBEB 0.01 121 | 0.2 320
4000 EBEE 0.01 150 | 0.2 326
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Diphoton resonances

o L Y A

T o=k
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CMS Preliminary
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5x10?

1/15/16 S.Jindariani, Fermilab W&C seminar

——————————————————— 10
————————————— 20
¥ =0.01

—— Combined
----- 13TeV
----- 8TeV
30
2x10° 3x10°
mg, (GeV)

02



Diphoton resonances

MS Preliminary 2.6 (13 TeV)
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Diphoton resonances

10

102

103

EB vs EE breakdown

CMS Preliminary 2.6 (13 TeV)
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Diphoton resonances

95% C.L. limit 5(pp— G—yy) (fb)

CMS Preliminary 2.6fb' (13 TeV) __ CMS Preliminary 2.6fb' (13 TeV)
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Diphoton resonances
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SM-like heavy H->WW

CMS Preliminary, 19.3 fb™ at {s = 8 TeV, e+u
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78 p-p collisions in the same bunch crossing from Run 1

Maximize the integrated luminosity
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=>» large pileup
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Dilepton + MET

Two leptons (same flavor, opposite charge), jets and MET
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