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LHC

Large lladron Colhder

Two main run periods

Results presented here are from the
second at 8 TeV with 20 fb”

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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COMPACT MUON SOLENOID

» One of the two general purpose
C poliments at LHC

» Solenoidal magnetic field 3.8 T and
return yoke

» Large Silicon Tracker with great |
momentum and particle resolution |

» Scintillating crystal for ECal |

1

» Sampling HCal (brass and scintillator)

* Redundant muon spectrometer in
the iron return yoke






UNDERSTAND SM FIRST

Production Cross Section, o [pb]
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SUSY CROSS-SECTIONS

Feb 2014 CMS Preliminary
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MS SUSY OVERVIE

Summary of CMS SUSY Results* in SMS framework

SUSY 2013
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WHAT TO LOOK FOR!

Electrons

Photons Muons
* reconstructed with * only calorimetry information * reconstructed with tracking
tracking and calorimetry and muon spectrometer
* disentangle photon not

* high pt and isolated coming from primary vertex * high pt - resolution

such as decay and

conversion o on - N
+ ID and charge isolation - muons In jets

ets
J MET

* cluster calorimetry energy

with different algorithms e combine all the information

from different sub-detectors

e combine tracker and

. . . e understand the response In
calorimetry information

different conditions and the

| effect of underlying events
* calibrate the energy




SEARCH STRATEGY

* Inclusive generic searches

» Naturalness-inspired searches

» Missing Energy

* b-jets

* high multiplicity events

» Search for EWKinos & sleptons

» Multi-lepton & R-parity violating signatures

10



JET(S) + MET

v/ 9

q DM
q DM
| jet + MET

L2V | et
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Xt ALL HADRONIC

5
Mt (51, j2)

IIIIII.IJ] IIIIIIlI] IIIIII.I.I] IIIIII.I.I| IIIIIIlI] L

T | T T T T | T T T T | T T T T
CMS,L =117 fb™, Vs =8 TeV

2=< niets3

¢ Data

=== Standard model
= = Non-multijet

VEE /B
T ~
A¢j1,j2

SUIS
dl-jet M=

CMS-SUS-12-028



ot GENERALIZATION
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MULTI-JETS AND MHT

» Selection, events with 3 or more jets plus missing HT (no lepton):
B e (20 above 50 GeV (used also for Fiy)

* Missing Hr larger than 200 GeV (jets with pt threshold at 30 GeV and n<5.0)

* Veto events It MHy Is aligned with one of the three leading jets

* Bin data in: Hp = Z - ﬁT
jets
-t -
T HT:‘_ZjetspT
* MIssiNg Ht

* jet multiplicity (3-5, 6-7, =3)
CMS-SUS-12-012



BACKGROUND PREDICTION

» Based on data-driven methods with MonteCarlo closure test

84 o IhisiDle

Y T o and Z(PD) T jets

* missing lepton and hadronic T
* semi-leptonic top and W

» QCD multijet

* re-balance and smearing procedures

15



RESULTS

Do not be fooled by the
Njets = 6-/, Hr 500-800

GeV and MH+>450 GeV bin.

The central value 1s 0.8 but
the uncertainty |./, therefore
9 events observed are not
enough to claim any
discovery.

Prob(n=9 | u=0.8 £ 1.7) = 0.15
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CMS,L=19.5fb" Vys=8TeV
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HADRONIC MT»

* Similar to the previous search with &t but using a
oeneralization of the M variable.

* My 1s well defined for decaying with only one invisible particle
(such asW = |v).

* When to symmetric decay legs, each with an invisible particle,
t = iesent [ better describes these processes:

Mry= _ min _ |max (M, MD}]

CMS-SUS-13-019



HADRONIC MT»

1 ) A:( I \

|3‘ | ‘High H,

2 = 1200} = %

S ® | Medium H;

= O, 750} Z

| =

o T Low H,

P 71510 I S ——— y

" : : >

jet multiplicity 30200 gre (gey

- Different searches regions with different backgrounds

* Similar background composition and estimation techniques as &t

* / to Invisible and missing lepton

. CMS-SUS-13-019



MULTI-JET BACKGROUND

; Eiod —4— data ]
~— T -0 data (non-multijet subtracted)
= 10 E 3-5 jets, 0 b jets, medium HT E

e 0D control region detined by ;
AD<0.2 (angle of the 4 leading 1
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RESULTS

8 TeV,L=19.5fb"

CMS Preliminary, ys
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EXCLUSION PLOTS

CMS Preliminary, 19.5 fb, {s = 8 TeV
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NATURAL SUSY?

* Naturalness Is the most important reason to search for SUSY
Bl L T IC

* [ he discovery of a “light” higgs boson supports the idea of
natural SUSY within of LHC reach

* This justity the search for direct production of SUSY particles
L IC6 and even more In the next hisher energy FUi

23



DIRECT STOP PRODUCTION

+ Am = m(f) - m(x?)

Am <m(W) m(W) <Am <m(t) Am >m(t)

A A
A AN \

T

_mix?)(GeV -

L
*Z'*’Zm@) < m(X ).~:-:ififffffff}fif?:"off-shelIW on-shell W
forbldden by i

off-shell t
assumed
spectrum

on-shell t

>
0 m(W) m(t) m(t) [GeV]
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DIRECT STOP PRODUCTION

CMS Vs=8TeV, det=19.5fb" CMS (s =8TeV, fl_dt=19.5fb'1
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*« BDT’s are used to discriminate different
modes and select signal

* Important to understand well all the variables

. CMS-SUS-13-01 |



INITIAL STATE RADIATION

* ISR Is important and often a crucial discriminating variable

» lest It MadGraph MC predicts it well in ttbar and Z+jets
EVELILS

> > EI TTT | TTTT | IIIIIIIIIIIIIIIIIIII | TTTT | IIIIIIII E
8 8 - eu Events -e-data .
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p,(jet system) [GeV] p,(jet system) [GeV]
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INITIAL STATE RADIATION

CMS s=8TeV, [Ldt=19.51b" CMS Vs=8TeV, [Ldt=19.5fb"
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RAZOR SEARCHES

» Cluster all the particles into two
‘megajets”

» Starting form at lest two jets above 80 R —

GeV (all jets above 40 GeV used to
compute the razor variables)

* | b-tagged jet at least

o CMS Simulation {s = 8 TeV
= + Razor MultiJet Box [ L=19.3fb"
168 _ pp—tt, t— t)”go, o =0.01pb
- - m;=800 GeV, m_= 25 GeV
0.8 g S -
05 i i " gl i " ..
; .
: pn g
0.3 B - -~ - - .
t - =" | : .|:l| h .
500 1000 2000 3000
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0
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CMS Simulation Vs = 8 TeV
Razor MultiJet Box [ L=19.3fb"
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G SIOE

| :e CMS Preliminary EZ_—“’V D:N—>h/
» Large MET (>250 GeV) and separated from jet o

[ Z—I'l e Data

10*

* | energetic jet above | |0 GeV (search performed in / inclusive bins:
250, 300, 350, 400, 450, 500, and 550 GeV + | jet above 60 GeV)
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STOP SUMMARY PLOT

t-t production
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DEPENDANCY ON BF
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SBOT TOM
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* 56 signal bins!
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EXCLUSION PLOTS

» Most effective signal region is

selected for each benchmark model

* For the sbottom direct production
SR28 is used (highest MET, Hr, n-jet

and b-tag)
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TRI-LEPTON SEARCH

CMS Preliminary ls=8TeV,L =19.5fb"
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GLUINO

A lot of jets (b-jets)

Large PE
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GLUINO IN MULTI-JETS

* looking at high b-jet multiplicrty

» 3 central jets above 50 GeV (two most energetic above

70 GeV)
« Hy > 400 GeV

Bl = 105 GeV

Events

* MET and leading jets must be separated
» veto on charged tracks and identified leptons

* at lest | b-jet
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GLUINO EXCLUSIONS

CMS Expariment al LHC, CERN

Data recorded: Wed Jun 13 21:51:54 2012 PDT HT = 1009 GeV
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ELECTROWEAK PRODUCTION

* Similar to previous multi-lepton searches

» Optimized for non-resonant signal

L CMS-SUS-13-006



CHARGINO AND SLEPTON

CMS Preliminary v/s =8 TeV, Liy = 19.5fb!
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R PARITY VIOLATING

SUSY could also not conserve R-parity producing an interesting phenomenology
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CMS Experiment at LHC, CERN
Data recorded: Mon Dec 3 07:19:18 2012 CEST
Run/Event: 208429 / 387533924

A MET = 94 GeV

b-tagged jet
P, = 78 GeV

b-tagged jet
p =47 GeV
b-tagged jet !
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CONCLUSION

gL el The Tirst S years of LHC running, we have aeveloped i
broad SUSY program, with an extensive set of searches.

» Unfortunately no evidence for a signal has been found yet.

* We have reached a reply good understanding of the overall
behaviour of SM backgrounds.

* New tools have been engineered to look for specific signature
and more are In the pipeline.

* Interpretation i1s complex: ongoing work.

* Excited and ready for the upcoming run!
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