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¢ 7 TeV CMS measurement (L < 5.0 fb™)
$ 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction

— 8 TeV Theory prediction

Z. CMS 95%CL limit
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All results at: http://cern.ch/go/pNj7

Wosly, Z-ll, I=e,u Th. Ao, in exp. Ao

The Standard Model has been tested at various collider and non-
collider experiments with high precision !!
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A Successful LHC Run-I

A scalar particle of mass ~125 GeV established using 7 TeV and 8 TeV data

1 1 1 1 I 1 1 1 1 I 1 ) 1 1 I 1 1 1 1 I 1 1 1 | 1 1 1 1 I 1 1 1 I | 1 1
ATLAS and CMS —— Total Stat. 1 Syst.
LHC Run 1 Total Stat. Syst.

ATLAS H-yy ——q 126.02 £ 0.51 (£ 0.43 £ 0.27) GeV
CMS H—yy ———q 124.70 £ 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ—4l I - i 124.51+£ 0.52 ( £ 0.52 + 0.04) GeV
CMS H—ZZ —4l A 125.59 £ 0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS vy I—EI—I 125.07 £ 0.29 (£ 0.25 £ 0.14) GeV
ATLAS+CMS 4] I Ql-‘l / 125.15 £ 0.40 (£ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l I—?—l 125.09 + 0.24 ( £ 0.21 £ 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 1 1 I 1 1 1 1 I 1 |
123 124 125 126 127 128 129
m,, [GeV]

Rate of different decay modes & various production mechanism cross-
sections, and various couplings are consistent with SM expectations,
although with large uncertainties in some cases.

More details: http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/index_ .html
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A few fundamental questions of particle physics
not addressed by the Standard Model :

® How to stabilize the radiative corrections to
Higgs mass in the theory?

® Why EWK and Plank scales are so separated ?
® Any insight into gravity ?

® What is the nature and identity of dark matter ?
® A new fundamental particle ?

® Why different particles have different masses

® [s there a new symmetry ?
® Grand unification of all the forces

® What is the origin of matter-antimatter
asymmetry in nature ?

® [s CP violation the answer ?

® How do neutrino masses and mixing fits in the
big picture ?

The Standard Model is an incomplete theory !
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A lot of models which predicts new physics at
Type-HA Type-I /

the TeV scale accessible at LHC :
- Supersymmetry (SUSY)

THovgn)

- Extra dimensions

- Grand Unified Theories (SU(5), O(10), E6 ..)
- LeptoQuarks

- TechniColor

- Compositeness

- Strong dynamics (composite Higgs)

l

Most of these theories predicts new particles with mass scales of O(TeV).



\_'I\C\ Supersymmetry
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Supersymmetry : A super-partner of every SM particle differing by spin-half

Standard Model Particles Supersymmetry Particles
. A" Four
N . _ o ) w7 neutralinos
v V _ : neufrali
J\J) J‘ | Two
G \)‘&)J v Charginos

Quarks ‘ Leptons . Force particles Squarks  Sleptons o Susy
Force particles

SUSY 1s a broken symmetry Expect new partlcles n ~TeV range '

IIn R Parlty conserving
i models, lightest

‘ . { | supersymmetry particle (LSP)
{ - not so heavy gluinos (1.5-2 TeV) 11is stable. Popularly lightest

{ - light 2:1’ L (few hundred GGV) ! | neutralino 70 is an LSP.

“Natural SUSY” requires :
{ - light stops, sbottoms (<1 TeV)




\j\.‘\ Why is Supersymmetry Attractive ?
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® Radiative corrections to Higgs boson mass : o }____ - tﬁ .,.]
\ CUio
® Fermion and boson loops contribute to Higgs \;/ 16”
mass loop with opposite signs, hence avoid AR NXr_ .,
. . I [ — ¢
quadratic divergences L T [ZAcutoﬁ + "']
e Unification of couplings of three interactions Si\/i ]
® SM predicts “running” of coupling constants ., =~ T
as a function of energy but without making S
these cross at the same energy _S[}—;{ﬁ

A'A llAllll[AlE
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® Dark matter candidate ' Log, (QIGEV)

® If the LSP is neutral and weakly interacting,
it 1s a potential dark matter candidate

DARK
75% EnERGY

® A SUSY extension 1s a small perturbation
consistent with the electroweak precision data
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Accelerate Particles
E = mc¢?
With sutficient centre-of-mass energy available,
new massive particles can be produced
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CMS Integrated Luminosity, pp
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UT

N

= 2010, 7 TeV, 44.2 pb !
= 2011, 7 TeV, 6.1 fb !
= 2012, 8 TeV, 23.3 b !
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Large Hadron Collider

Stellar performance during Run I and excellent start up of Run II !

 proton-proton collider

CMS Integrated Luminosity, pp, 2015, v's = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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How do We Study Collision Events ?
(CMS Detector)



\‘0" Compact Muon Solenoid (CMS)
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SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PbWO, HCAL Plastic scintillator
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Resistive Plate Chambers (RPC)
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U\‘\ Event Reconstruction using CMS
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Event Reconstruction using CMS
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— — — - Neutral Hadron (e.g. Neutron)
----- Photon

@"””‘Ilh | |

Silicon
Tracker

h Electron{ fgnetic | §
)”“ Cslori ?tert ttl;_ g
Hadron Rerconducting , f
Calorimeter enoid ‘f;
- ! yoke interspersed _: ;
through CMS hemoers I U g
| )
. . 1 \ .
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— n n‘t [ X } f i
et, m*, u* of ex,y, n¥ p, n, T, orm

v in SM and X} in SUSY.

Weakly interacting neutral particles do not leave any trace in the detector, €.g.

| 4
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wsteeone | Missing Transverse Momentum (MET)

(Measuring the Weakly Interacting Neutral Particles)

MET : vector sum of momentum of all particles transverse to the beam direction

PP+ P>=0= Z Pr(measured) -7
i
p’miss _ p’z measured 0 = Some particles are not
T Z T( ) 7 detected (e.g. v, neutralino)
(4

In addition, any mis-measurement may result in an imbalance in pr

For e.g. non-functional detector channels, electronic noise, non-collision backgrounds ...



\\‘ H Measurement of Jets
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Jets : manifestation of quarks and gluons
® a collimated spray of “colorless” hadrons : t*, ¥, K=, K%, p,n ...
® cxperimental probe to study properties of original quark or gluon

® Both the CMS and ATLAS use anti-kT clustering with distance parameter
of 0.4 (know as AK4 jets)



\\‘ H Identification of b-quarks
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Using the properties of B-hadrons : displaced secondary vertices



\\Q_‘” The Continuing Paradigm @ 13 TeV
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SUSY Searches with CMS Experiment



\_‘I\‘\ Going from 8 TeV = 13 TeV
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Massive particles can be produced at higher energy thresholds as the LHC
operational energy is increasing.

—10° 5= )
2 ] Run-1 limits arXiv:1411.1427v2
.5 “‘ A —8 Tev
3 10° sueen13-14 TeV
2 a(8)/0(13)~10
o 10 A
0(8)/0(13)~30
1 4 gg
qq
tt
1 ns ous
10° Y X
102 ...°ooo
103 .1.'al I..|.°°.. ] .:.°'L ] ] ] L |
1000 1500 2000 2500

Marscis [GEV]
e Expect to enter new sensitivity regime for gluino searches with 1 fb-! data @13 TeV

e Stops and squark searches by 3-5 fb-! and elecroweak production by 8-10 fb!
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Going from 8 TeV = 13 TeV

Massive particles can be produced at higher energy thresholds as the LHC
operational energy is increasing.

2

Cross Section [pb]
3,

102

1073

arXiv:1411.1427v2
—8 TeV

cruen13-14 TeV

>R~ Q2@
D Q2 (o

100 events

=l

..
1 .

L .0'
.
1 Ll L e

:.°'L 1 1 1 | |

1000

2000 2500
Marscis [GEV]

" in 2 fb-! data

e Expect to enter new sensitivity regime for gluino searches with 1 fb-! data @13 TeV

e Stops and squark searches by 3-5 fb-! and elecroweak production by 8-10 fb!

21



\j\.‘\ SUSY Production @ LHC
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g 1o 8 ToV An example decay chain of a SUSY event
s L —38 le .

:;,§ RN e 13-14 TeV Two LSPs (33 ) : Large MET

2 FE :

S ol

1 ‘e 'L 1 1 1 1 L
2000 2500
Moarscie [GEV]

® Strong production ® Third generation squarks

® squarks and gluino pairs, large @ Small cross-section as
cross-section at hadron colliders  compared to light squark

® Weak production

® direct neutralino/chargino
production

® typically Jets & MET based pair productions ® scarches based on multi-
searches categorized in numbers e Final state may include leptons and MET signatures
of leptons (and photons) ttbar pairs, multiple b-jets

22



\j\‘\ Generic Searches vs Targeted Searches
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Two LSPs (39) : Large MET

Mostly involves Jets

Categorize further in number of leptons and photons.

O-leptons | 1-lepton | OSDL_| SSDL =3 leptons | 2-photons | y+epton

Jets + MET | Single lepton JOpposite-signjSame-sign di-} Multi-lepton | Di-photon + Photon +

+ Jets + MET] di-lepton + | lepton + jets jet+ MET |lepton + MET
jets + MET + MET

The targeted searches go in parallel and gain more significance with
increasing data

® Scarches for direct production of top and bottom squarks
- Exploit the well establishes properties of top quarks
- Aggressive on b/t-tagging and specific kinematics

® Electroweakino and slepton production

23



@ Gluino final states - a few examples
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\‘C H SUSY Possibilities
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q

- Aim 1s to design a search program that can cover a large
number of potential SUSY scenarios.

00,2 SUSY Simplified models: assume simple decay chains. o

- Except the particles participating in decay chains, all the v

sparticles are assumed too heavy to be accessible at the
LHC.

- Allows to study search sensitivity to the masses and the
kinematics for designing the analyses.

.
+ .
x AL ™~ g god gy oo B
+ 0 Xa \1 c/\/ \ 0 bl
- \2 “[\J
W= ; X < .0 - i
) . X * X =~
_/ ) q n | L, b 1 70
( ' ) I
(1 7

25



\\‘_j ] All Hadronic Searches at CMS

IISER PUNE General Strategy: details may differ in varios analysis

® Veto lepton to reject W/top + Jets with W — £ v \A%
® Contributes as background if
- t— W (e/uv )+ Jets and e/p 1s not identified

- t— W (T v )+ Jets and t decays hadronically
reconstructed as a Jet

® [arge hadronic as well as missing transverse
momentum

- 7. (vv) + Jets - an 1rreducible background

< ©

® Large MET effectively
reject QCD multijets (jet
mismeasurement,
instrumental effects etc.)

- A®(MHT, Jets{1234}) >
(05,05,03,03)

26



\\Q H Analysis Designed Around Search Variables
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CMS-PAS-SUS-15-002

Missing Transverse Hadronic Energy

(using jets with pr> 30 GeV, In|<5.0)

~

I

|
N
< |
S

CMS-PAS-SUS-15-003 . |
mig
| _
PT TPT =P

Ms> = {max (m(T”,

)

- Mt2~ MET for symmetric topologies : SUSY
— M2~ 0 for nearly balanced systems

— Mr2 < MET for imbalanced and asymmetric systems

 CMS-PAS-SUS-15-005

.’ CMS-PAS-SUS-15-004

—QOlT = 0.5 for balanced diet
systems

ETiz
Mr

Xt = .
T —QOlT < 0.5 for mismeasured

jets (kills QCD)

t For an multi-jet system, jets
 are merged to make an

§ cquivalent dijet system such
that difference in Et of two
systems (AHT) 1S minimum.

mega-jet mega-jet
invisible? b %—d mvisible?
Mass scale Mg = \/ (E, + E,)? — (p! + p2)?
B> (Pt + Pf)

Scale-less even

imbalance R 27



\\Qj \ All Hadronic Searches at CMS

IISER PUNE (HT & MHT Analysis)

® The final state can have a large range of number of jets or b-jets depending upon
the decay chains of mother particles

(13 TeV) Each jet multiplicity region, there are

CMS supplementary (Simulation) ~ aiv1e0206s81 | S1X search regions in HT and MHT
B tt [ ]QcD Bl z+jets [HW+jets [l Other

[GeV]

900 Box 6
00

00|
600 Box 4 Box 5

9+
jets

miss
H

|_8
7

7-8
jets

200

:"400 .
Box 1 Box 2 Box 3
X 300

200

4-6
jets

] | ]
600 800 1000 1200 1400
0 brjets 1 bjet 2 brjets 3+ b-jets Transverse Hadronic Energy HT [GeV]
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\j\.‘\ Background Estimation: Lost Lepton
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Reject
i - . event if
Acceptance  reconstruction  isolation Lepton
f !
| ound!
Faill Faill Fail |
DL " Not ’ Novt Background
uto o
reconstructed iIsolated to SéarCh
' | regions

Single u/e control
sample from data

\'A4

e Reweight each event in control region with p/e
(in)efficiencies (measure 1n data or MC,
parametrized in lepton pT, hadronic activity etc.).

e Account for 1solation efficiency, reconstruction
efficiency and kinematic & detector acceptance.

® The method predicts the full kinematics of the
events using data itself.

29



\\Q_‘” Performance of Lost Lepton Method

IISER PUNE How do we know that this method works ?

CMS Simulation 23 fb! (13 TeV)

..CQ :l I | I I | | I | I I l: | I I I I I I l | I I l: I I | I I I I | I I t
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> F Mo l ' =
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10° == i d i | 5 5 i : o =
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10 % . N ‘e R e : | : n
= i . - | i i | i =
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1= * é é | ; s = Ay =
= ! Y s - | E — | > ¥ =
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e 1 | I
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D|.9 1 ° “. s | | * L + , oF ‘..+‘_"_'+ ’_‘1
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Search region bin number
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\\Q_‘” Uncertainties in Lost Lepton Method
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e [imited by statistics of single lepton events in
data especially 1n the search regions defined by
high jet multiplicity, large MHT etc. (3-100%)

— These are generally most sensitive regions too !

¢ Precision of closure test (2-30%) :

— The control region (isolated) and search regions

(non-1solated) leptons are basically in different
environments.

— Efficiencies are parametrized in terms of lepton

kinematic properties, and may not exactly reflect
search region environment.

e Efficiencies are taken from simulations and any

differences wrt those measured in data contribute
to the uncertainties (1-5%).

e Kinematic acceptance 1s taken from simulation
(<1 %).

Direct

How well do we understand estimated background ?

Cost
\AY e/t
CMS simulation 231" (13 TeV)
w T T T T ] T T T T | T l: T I T T T | T l: [ T T T T l T T T T |
‘qc')'104 4<N, <6 i 7<N, <8 N, 29
> | :
W 402 1, 2 3 | Lost-lepton background
i i : ®  Direct from simulation
10 i ' 5
i o —— Treat simulation like data
> i* : T T T T
10 - st :
- .! - i - - i 0. i . E'...‘ e
1 . | s | = - T ‘e
—¢ . 0* i = . L‘ i i g
107 * g | * + +% i »: *
= = ! : L 4 + ha 3% E
= L } T } } }I [T { 1 { | $ | TT M 1 }_‘;
C E : T T T T T ! Ii T T T T T T IE
o15¢ l l ¢ : T s E
— 1:.- .++=-.++ LY e ) d -.+‘4=.¢*l :+ .‘ b g 'l+ ) +:
Sos et e
9 . é 1 ] l; 1 lE I 1 E 1 1 Ii 1 1 IE I 12 1 1 l; [ 1 Ii 1 1 Ti 1 1 lE 1 I i
o 10 20 30 40 50 60 70

Search region bin number
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\j\.‘\ Hadronic Tau (tn) Background
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e No dedicated T veto - hadronically decaying taus are reconstructed as usual
AK4 jets.
— A large fraction of single prong Ty are rejected by an 1solated track veto

— Need to measure the contribution of remaining single and multi prong
hadronic taus.

Smear the muon pT with
Th response template

+= 0.07

un

p,(v*)
— 20 -30 GeV

©'0.06F

wW 2 £ f —30-50GeV \Y\Y; Th
Ke) B
Loosf 50 - 100 GeV
V - —>100 GeV V

0.04F
0.03}
0.02f

0.01F

11 1 I L1 1 1 I 11 1 :
0 0.5

1 15 2 25

pT(visibIe) / pT(generated-t)

e Recalculate NJets, HT, MHT using this modified muon and count the
number of events in the various search regions - tn background.

e Various corrections and branching fractions are appropriately applied.

32



\‘QH Background Estimation: ZInvisible
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® A straightforward method 1s to use Z (— et*e- or ury) +Jets events as the

topology of events is identical if one ignores leptons in the event

- suffers from lack of statistics in tighter search regions, use hybrid
method including v + Jets too.

Correct for vy o(Z+]ets) |
N v+ets| X [identification, X | i

QCD contamination ', ( t‘ §

N Z(v v)+Jets

Main difficulty is to validate this Z to photon ratio which is taken from theory,
especially in the phase space containing large jet or b-jet multiplicity, MHT tails
33



\_‘l\‘\ Background Estimation: ZInvisible

IISER PUNE (Understanding Z/y ratio)

23®d7(13TeV)
IlllllllllllllllllllllllIII_

ata 5 sim
l’YlRZ/Y

For N-bjets =0

® Use Zuu+jets/y+jets from data to correct MC
and any trends as a function of jet

RZ

multiplicity
- Use y+jets data events to estimate number of : :
Z(vv)+Jets including shapes of jet 0.4F :
multiplicity, HT, MHT etc. 0'(2);"“““1““'“' .

For N-bjets > 0

® Use Zuutjets events to derive transfer factors from 0-bjets -> N-bjets

- Use these transter factors on y+jets 0-b data events to estimate number
of Z(vv)+Jets including shapes of jet multiplicity, HT, MHT etc.

- For high jet multiplicity regions, use light quark -> heavy flavor
mistagging probabilities.



\j\.‘\ Background Estimation: ZInvisible

IISER PUNE How well the method performs ?

23" (13 TeV)

.SB 105 = T T ] T 1 T T ] T T 1 1] | =§
> § r I §
LLI 103 :? %’et 5 1 5 o 5 >3 E Z — vV background —éu
= | : : : ®  Direct from simulation =
100 ,* & : : ; s s s =
= o« L .y . | — Treat simulation like data | 3
10 B § : : : : . . _ . -
1 =
107 & E
102
(- C
— C_) 1.5
DO 1
= 0.5E 5 : .
D 9 E : | I I 1 | I I 1 I: | 1 I 1 | I 1 I I 1 1 : I | I | | I 1 | IE 1 I E
0 10 20 30 40 50 60 70

Search region bin number

Major systematic uncertainties: photon purity, Z/y ratio from data, b-jet extrapolation,
Z(up)tjets kinematics.



\l‘ﬂ Background Estimation: QCD Multijets

IISER PUNE

Jet 2

® Large MET effectively reject QCD multijets
(jet mismeasurement, instrumental effects e
etc.) HT - Jet 1

_ A(I)(MHT, Jets{l,2,3,4}) > (05, 05, 03, 0.3 ) Jet 3

(mismeasured)

QCD background 1s estimates using a data driven method using the
control sample defined by inverting the A® selection.
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Results

/<Njet<8.

IISER PUNE

Bin HP"™* [GeV] Hr[GeV] Nijet Lost-e/u T — had Z—=vv QCD Total Pred. Obs.
25 200500  500-800 0 | 187873084231 2450288202 27 40t278+672 140571724519 | 8472188241100 g5
26 200-500  800-1200 0 | 125371531210 15607225117 17207284310 162971991712 | 61.727353 180 60
27 200500 1200+ 0 | 288TFTGR 35010 603715 23017 | 35427378 42
28 500750  500-800 0 | 0537GRILI3 08170010 0367006 0.06705370% | 175555 0n 1
29 500750 1200+ 0 | LO3TGETOY  1L44HTR 0607033T0T 026701708 | 334 0L 1
30 750+ 800+ 0 | 07XGFTER  0173537%00 0567040 0% 01975570%0 | 10975500 1
31 200500  500-800 1 |2579723331% 31757395733 11681231735 8.081135720 | 773070275 63
32 200-500 8001200 1 | 9.01fENY 143873 F5 737NN 7570 | 3834730705 43
33 200-500 1200+ 1 | 32501017038 633115108 257100 e 137071331203 | 2585735700 29
34 500750  500-800 1 | 046Tg%Gy  OSLIGTGL 01575308 0005500 00 | 112755 0

35 500750 1200+ 1 | 0.00%Ga8teR0  0.257338*002 02670151007 0127000 | 0.63105770%

36 750+ 800+ 1 | 0.00%G5gt00 0027556 024010y 0.00%05% 00 | 025507 0y 1
37 200-500  500-800 2 | 13157717713 160371511 4797190130 01670570 | 341313 32
38 200-500  800-1200 2 | 63371BF071 10731821088 30370054148 21510484112 | 22247324278 17
39 200500 1200+ 2| 173%GEF0H0 189TTETNIE 10670305 355705 e | 82050 % 4
40 500750  500-800 2 | 0.00%GEH50  0.04FGRFEE  0.0610TAL 0007505y | 0.1075RTaG 0
41 500750 1200+ 2 | 0.00%FETo50  0.07IGFFEe  0.11FGRAGR  0.03%55T00 | 021753000 1
2 750+ 800+ 2 | 00075550 01355 5 0105057 0 0.00505706 | 028505, 0
43 200500  500-800 3+ | 3931 RF0E  578TIGE  25401TG LO9TGEINR | 1334532E 3
44 200-500 8001200 3+ | 04470327003 1667070*0%  1.60705Toes  0.60703070% | 430771505 4
45 200-500 1200+ 3+ | 0667577070 065734 *0q0 05670305 0.047550T00r | 191755 0y 1
46  500-750  500-800 3+ | 0.007032t000 0 Q0*046+0.00 003100002 00410094007 | 0, 0710%F0T 0
47 500-750 1200+ 3+ | 0007000000  0.007935000  0.0670027 000  0.0010007008 | 0.0670%5°00 O
48 750+ 800+ 3+ | 0.00%055*0%0  0.01%05*000  0.057552 000 0-00%500 000 | 0067505 60 O
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\j\‘\ Results

IISER PUNE
CMS 23" (13 TeV)
7)) — . .
c E <N < E <N < E >
© 10 L 4_Njet_6 : 7_Njet_8 : Njet_9
LLI E b-jet : .
b0 1 2 =3 ¢ Data
- ovon [ v
10° B
® Hadronic
102 al T lepton QCb
10
10-1 =

(Obs.-Exp.)
Exp
o

—2 | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I ]
10 20 30 40 50 60 70
Search region bin number 38
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IISER PUNE

If there was SUSY Signal ....

CMS 237 (13 TeV)
w
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\ \ Interpretation : Gluino Pair Production

IISER PUNE

C M S Preliminary

1800
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IISER PUNE

Inclusive searches with one lepton final states

41



tﬂ Jets are increasingly becoming powerful tools !

IISER PUNE (Accidental substructure)

Unmerged
hadronic top

Partially merged
hadronic top
(Wjet + b jet)

4.

Fully merged
hadronic top jet ® A lot of development in identifying and

reconstructing boosted heavy particles

® Jet substructure techniques to identify fully
hadronic topologies.
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tﬂ Jets are increasingly becoming powerful tools !

(Accidental substructure)

IISER PUNE
CMS sSimulation \s=13 TeV CMS simulation \s =13 TeV

o L L L L R L AL o I S A L L B
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10T 2 107 i
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Current Status

IISER PUNE
8 TeV
g g production, g—> tt x
;‘ I 1 1 1 I ] 1] I 1 ‘ I I I 1 I j '>
& 900 —CMS Prellmlnary — SUS-13-012 0-lep (E+Hy) 1957 —| T
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IISER PUNE

PMSSM: M1=60 GeV, tanp=10, u<0, M2=3 TeV, m(q)=5 TeV, m(l)=5 TeV

Current Status (pMSSM)

arXiv:1602.06194

~ ~

IIIl-|lIt_-llllll|ll|l|lllllllllllllllllll

-

ATLAS

Multijets + E™** Combined
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""""" SuUsY -
+ ) T

theory Sy

S
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\l‘ H More SUSY Results using 13 TeV data

IISER PUNE

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-
results/LHC-Jamboree-2015.html|

Search for Supersymmetry

e Supersymmetry in Multijet + Missing ET

e Supersymmetry in All-Hadronic Using Mt

e Supersymmetry in All-Hadronic Using ar

e Supersymmetry in All-Hadronic Using Razor
Variables

e Supersymmetry in One-Lepton Events Using Large
Radius Jets

e Supersymmetry in Same-Sign Dilepton Events

e Supersymmetry in Opposite-Sign Dilepton Events

A few more which are yet to be linked on public pages.
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\j\.‘\ Summary

IISER PUNE

® A variety of analyses to search for supersymmetric partners in 2.3
fb-! of 13 TeV data

- The gluinos of mass up to 1.6 TeV excluded for low LSP masses

- The gluino exclusion limits are extended by 150-200 GeV as
compared to 8 TeV results.

® Expecting up to 10 fb-! by the summer this year

A lot of excitement ahead, stay tuned !
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~r~

g9 — qqq

Near Future

Summary of CMS SUSY Projections with SMS

Preliminary

B 5 discovery: 14 TeV, 3000 fb™
50 discovery: 14 TeV, 300 fb”
95% CL limits: 8 TeV

1000

Probe *up to* the quoted mass

1500

2000

2500

Mass scales [GeV]
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IISER PUNE

Further Future

® Peak luminosity =Integrated luminosity
6.0E+34 ) 1
| 1000
:v? 5 0E+34 7-8 TeV |3-14TeV , 300/ o * o (e o o |eo o
- ~
O / <p> = 140
— 4.0E+34 - 100 2
Q ~30/fb x
8 i (@\ o < LN "’
£ 3.0E+34 ~ V) N V) g ) 2
£ | | = — — 10 2
= <u>=40 | W= 0 N
= 2.0E+34 - 0@ =
@) S o ©®® E
) °
= <p> =<2l | 1 3
£ 1.0E+34 ' ' =
« ® to
c ¢ )
~ 0.0E+00 —— | w 01 =

10 11 12 13 14

+ Physics reach:

Higgs discovery!

Observe B> pp!

CMS Snowmass white paper 1307.7135

15 16 17 18 1} 20 21 22 23 24 25 26

Year

8 29 30 31 32 33 34 35

Natural SUSY
Gluino discovery up to ~2 TeV
Stop discovery up to ~1 TeV

Higgsino discovery up to ~500 GeV

Higgs coupling to W,Z ~5%

Higgs potential: observe gg2>HH

EWSB: observe WW scattering

Higgs coupling to t,b,T ~5%

7’2l discovery reach ~6 TeV
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Backup
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b-tagging efficiency

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

b-tagging efficiency

CMS Supp/ementary (13 Te )

| | | | | T T T T :
—_—4’—PP—>QQ g—>ttx(m~-1500GeV m_o_1OOGeV) -
E systematlc uncertalnty E
- arXiv:1602.06581 E
f— +++—.——.— . . —— » _f
AR 8 ++ .
— -
. , | .

40 50 10° 2%10°
p_[GeV]
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‘J\.\ Gluino Mediated Stop Production

IISER PUNE N
Two LSPs (%]) : Large MET

0 lepton
H1 lepton
112 lepton
H 3 lepton

H4 lepton

Signature : 4 Ws and 4 b-jets

Branching fraction for 4Ws

Searches performed in the final state categorized into :

Further categorized into 0, 1, SS/OS 2-leptons, multileptons
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® New Physics Cross sections @ LHC

IISER PUNE

NLO+NLL, arXiv:1206.2892, 1407.5066 NLO+NLL, arXiv:1206.2892, 1407.5066
5 —F— B o aam@=1sTev 3] 5 VEF—wmoga m@=isTev
=R PP — § §;m(g) =2.5TeV - 2 A PP - § G* ;m(d)=25TeV ]
o A E b _ o s L 4
4—— pp - § §;m(@=3.0TeV o 1 F— - — PP > 4 4’ sm(3)=30Tev n
1 7o pp — 8 §;m(g)=6.0TeV T & o o cx PP —> g G* ;m(q)=6.0TeV N

o - E .- -
'__.. // ; 101 - e - .
-1 . - Lot - 3
10 '// -E . - - ]

J 3 i
P . 102 F PR
10.2 x - - / 3
- o]
] 10-3 L - -
10° . .
o’ h 4 L ‘,' _-
-4 . ] 10
10 M y B E
10 5 ++ . 10 Sk o -// -
S , : F : +

6 . ‘ . 6 2] | ,
10 ” 10 -

10 10 10 10
Vs (TeV) Vs (TeV)

1073 - N 1
0 w o~ “_-NLO+NLL, arXiv:1206.2892,1407.5066
. P - o ]
10-4 : // L —f—pp—)E‘i‘;m(t‘):O.STeV .
y; v}(‘f"/ --d-- pp > 55‘;m(t‘)=1.0TeV :
10-5 7/ T —— pp - t, t";m(t‘)=1.5TeV -
+,+’ bpp o T im@)=20TeV ]

10° ;
10 10°

Vs (TeV)
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/

SUSYCrossSections#SUSY_Cross_Sections_using_8_TeV
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L CMS
=7 Acquiring Data of Interest
12 _
10 LHC, v/s =8 TeV S ® Rate of pp events : 40 MHz
€ Ttot Event Rate - o -
‘ Level-1 input ® Data acquisition capability : ~300 Hz
| LV1
10’ p ” C'_D 53 ® Trigger system decides if the event is
' interesting to be stored for offline analysis
| diJet(pr > 100 GeV) — rejection power of 100
210" \ HLT input => 5
= 1 L)
3 ‘ / ' CMS has a two step process :
3 : liJet(pr > 400 GeV , ,
v 10° i N i(i)'zzliivede_)) :T ® [ecvel-1 Trigger : dedicated hardware
. b\-n-.:{l» , events Processors
C 1 : - rate reduction : 40 MHz — 100 kHz
O : :
- time allotted : <1 micro-sec
7' ('=0.1-m)
_3 7' (T=0.01-m) , : : :
107 ® High Level Trigger : detailed processing
99 of events selected by Level-1
) A A — rate reduction : 100 kHz — 100 Hz
10 100 1000
Scale / Mass [GeV]

Seema Sharma, Fermilab



\_‘l\‘\ New Physics @ LHC

IISER PUNE

New particles can be produced in collisions of particles at high energies.

>

outgoing parton

Transverse

=7

proton proton

—>

‘“'“

r«

underlying event underlying event

initial-state
radiation

. final-state
outgoing parton radiation

Transverse

<

® Interactions between the constituent partons.

® As the LHC operating energy increases, massive states can be produced at
higher energy thresholds : Myew = Vs (centre-of-mass energy)

@ /TeV—=8TeV — 13 TeV
® Multiple production channels (strong, electroweak) : gg,qq’, qg, WW ...

Beam|direction
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\“ “ A Generic HEP Detector & Event Reconstruction

IISER PUNE

Tracking Electromagnetic. Hadron Muon
Chamber Calorimeter Calorimeter Chamber
h Position,
P otoins momentum of
charged Position &
o+ particles : momentum of
by muons
® —> pEpa <

Beam muons

Direction . Position & 1D,
+ energy of EM
=P

y particles :

e*,y,

n
—_—

- —

Innermost Layer > OQutermost Layer

Reconstruct all the stable particles : electrons, photons,
muons, charged and neutral hadrons
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(Fake) MET

Mis-measurement of jets can result in fake missing transverse momentum.

\[s=7 TeV CMS Simulation
F f T ' T ' I ]
- CaloJets (Anti-kT R=0.5) .
10% b 0.0<i<05 =
- 250 < |p$EF| <320 GeV 3
10% E
10 F 3
1F - E
10-1 3 j E

:— | ' 1 l 1 F

0 0.5 1 1.5

(Measured Jet pr)/(True Jet pr)

Detector response < 1 — mimic signature of a v or X}

Understanding jet pt resolution is very important to control the QCD multijet background.

Seema Sharma, Fermilab
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