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Outline

» Signatures CMS is looking at
» Experimental results interpretation

» Simplified models approach

» Referred documents are all available from
» https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

» or may be searched in http://cdsweb.cern.ch/search?cc=CMS
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Signatures for Narrow Resonance Searches | S

Signature  Interpretation Reference @ 7 TeV Result

Ixjet gepe_ric | arX!v:1 010.0203 v,
contact interaction | arXiv:1010.4439
2% Z’—u*u, RS G| SBM-07-002
2xe Z’ —e*e’,RS G | EXO-09-006
t tbar (jets) L >t thar EXO-09-002
t thar (U+jets) L’ —t thar EXO-09-008
ey, MY excited leptons

» and few more signatures
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Heavy Stable Charged Particles

Signature Interpretation Reference 7 TeV Result
Anomglou.s High Ic?ng living EXO-10-004 v,
lonization gluino, stop, ...
Calorimeter lone livin
Clusters Beyond Ne 5 EXO-10-003 v
- gluino, stop, ...
Collisions
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Basic SUSY Signatures P |

Sighature Interpretation Reference
3xjet + MET mSUGRA CMS-NOTE-10-008
(e,M) + 3xjet + MET mSUGRA CMS Physics TDR
PEYE, etet, ptet mSUGRA CMS-NOTE-10-008
(WP, e%e el ) + mSUGRA SUS-09-002
3xjet + MET
2xy + MET GMSB SUS-09-004
multileptons mSUGRA CMS Physics TDR

» The current plan is evolving: we are looking into more universal
approaches in addition to MmSUGRA reference.

» see presentations from
» Mariarosaria D’Alfonso » Sanjay Padhi

» Sue Ann Koay » Sunil Somalwar
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More Counting Signatures

2xe+ 2xjet +§ | leptoquarks EXO-10-005 v
2XU+ 2xjet +§ | leptoquarks EXO-09-010
UEUE + 2Xjet Majorana Vv EXO-09-003

extra dimensions| EXO-09-004
2xXy graviton EXO-09-009
unparticles EXO-09-01 |

3%lepton (WZ)| technicolor EXO-09-007

multileptons + jet b’ EXO-09-012

EXO-09-013
EXO-09-014

jet,y + MET |extra dimensions
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Remarks on Signatures _

/2
-

» ONLY BSM searches are listed, no QCD, EWK, Top, Higgs special
signatures

» there are few more signatures currently under study, but the full list is not
too long

» It takes time (~1 year by interested people) to commission a new search
signature for the experiment

» Signature is more than just list of objects - phase space counts
» Multileptons

» Exotica: leptons are assumed from W/Z - high momentum
» techniques are well established with EWK measurements
» SUSY: leptons are from cascades - recover low momentum is crucial for efficiency

» need special technigques for recovering reconstruction efficiency and for
backgrounds estimations

» Multileptons in SUSY and Exotica are different signatures
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a Bit on Statistics Techniques

» Counting experiments

» Raw result is model independent
» Most common for early searches

» Search for resonances

» assumptions about resonance width/shape
» assume narrow resonances for early searches

» Detailed discussion in Jim Hirschauer’s presentation
» More sophisticated analysis

» assumptions about particular distribution details

» usually needs more efforts to justify in early searches
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Confidence Intervals

» Different ways of building intervals in absence of systematics
» Frequentist (a.k.a. Neyman’s confidence belt)
» Bayesian
» Likelihood ratio variation
» Different ways of treating systematics
» Bayesian - integrate over nuisances
» Re-maximizing Likelihood (a.k.a. profile likelihood)
» Work around downward fluctuations
» CLs, etc.

» The approach actually used to build Confidence Interval for the particular analysis
IS some combination depending from

» details of the search » (presence of signal)
» detalls of statistics » personal preferences
» 95% C.L. results are not directly combinable! - systematics need unfolding
» 95% C.L. results obtained in different approaches are not directly comparable!
» procedural details should be taken into account when comparing or combining results
» on practice however all (reasonable) approaches produce similar numbers
» No signal evidence — similar limits
» Signal evidence — similar intervals

» Grey area — speculative anyway
» Note PHYSAT‘2011 workshop Jan. 17-20, 2011 @ CERN

&R IT FedorRatnikov@cern.ch Search for New Physics at CMS 9

[ e of Technology



mailto:Fedor.Ratnikov@cern.ch
mailto:Fedor.Ratnikov@cern.ch
mailto:Fedor.Ratnikov@cern.ch
mailto:Fedor.Ratnikov@cern.ch

Experimental Results Interpretation

Credits to F. Wirthwein who elaborated this topic on the SLAC workshop

» Consider Stopped Gluino search as a study case (EXO-10-003)

» Signature
» energy cluster in the calorimeter E>50GeV

» at time when no collisions and other activity is expected in the detector
» Backgrounds
» long story taking 80% of the search description

» COSMICS MuoNs

beam halo muons

v

v

beam-gas interactions

v

trigger pre-fires
iInstrumental noise
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Add Model Dependency: Step by Step

Lifetime [s] | Expected Background (£ stat £ syst) | Observed |

» no dependency - raw o6 Hsi0sa0s :

le-05 11.74324+35 8

— le-04 2834+ 784+85 19

numbers b iy o
le+(3 2834+ 78485 19

le+(4 2834+ 78+85 19

le+(Q5 283478485 19

1e+06 283+ 78+85 19
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are usually advertised
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s
Reference Models 9

/2
72

» Experimentalists attempt to present results in different formats:
» From: most model independent, but hardly usable raw results
» To: easy understandable, but very model dependent “physics” results
» To compare results of different experiments need “reference” model
» e.g. gluino for “stopped HSCP” search
» e.g. mMSUGRA for SUSY searches

» We expect the theory community to advise us which reference

model for every signature is the most usable for further
iInterpretation

» This could also set a reference to compare and combine results of different
experiments
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Importance of Backgrounds B

Y
Z

» 95% (or even more) of experimental efforts on measurement of the
particular signature is taken by reliable background estimations,
efficiencies calculations, systematics studies, etc.

» Mostly irrelevant to the model producing the signature under study

» Providing the signature covers model signal with reasonable efficiency

o CMS Profiminary/s =7 TaV » Example: SUSY scan for counting experiment
-k @ Observe 1 event in 100 pb” = [» Select signature and reference model
i = 0b R} tin1fb’ . . -
e e 3 | Develop selection with reasonable efficiency to the reference
o » B coF Preliminary 31 (3.2 16 S . | p d SM and other back _
& “oof B £ cbearved it (5.5 8% signal, and goo and other backgrounds suppression
. LEP excluded regions s Measure signature efficiency
350
mSugra: tanf = 3, A =0, (1) >0 s |» Measure expected backgrounds
: =4 _
300 - © |» Count observed events, compare with expected background
ol S| » If consistent, set upper limit on oxLintxe
S =2 | » Ifinconsistent
S 1o :
200 f = » double, triple cross checks
150 \?g » low limit on oxLinx€ (a.k.a. discovery)
§§ » Run parameters scan, get oxe for different parameters of the
1005700 200 300 400 500 600 700 800 900 ‘idoog_g model
| o m, (GeV/c?) » Draw exclusion curve corresponding to generic oxLinx€ and
projected sensitivity to mSUGRA signal in model dependent oxeg

same-sign di-leptons signature (MC)
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Measurement Interpretation

» E.g. di-photon signature, EXO-09-004

» Counting of photon pairs with big invariant mass

» Selection optimized for Large Extra Dimensions search

’d)\ 0.08 ; T 3 l T T T T I T T T T I T T T T I : ; 10 Y
© - e Mg=1TeV,n =4 1 o —— Diphoton
(}’) 0.075 3 10 TeV M;=2TeV,n =2 E g 1 10 TeV ~—=— PhotonJet
> I 1 . Mg=2TeV,n_=4 | B 10"k Dijet
E 0.07F 100 pb MS =2TeV rED - . B - Drell-Yan
Fel A _.._|\ns-25‘r’vqEo -4 1 £10%F - ~— Mg=25TeV,n,, =4
So.085f s=& N M=% 3 o F ToTe|
—— -Q H 10 f - - - e e et .
:E 0.08 E_'_q.\'u . B 104 ‘-.'*,_ +++_T T 4 T
0055 CMS Preliminary = 10° *u,i:f T H
3 : | 10 et
0 0.05f I R i o | D e
s 0 —0 o —6- o = : 10
0.045 daaa = = gt b
- ———— = 10°®
0.04f | = 0%l CMS Priliminary
0.035 " : s Y 3 TS BTSSR R R R 1 1 l ] 1010 ) |
1 1.5 2 25 3 200 400 600 800 1000 1200 1400 1600 1800 2000
| m,, (GeV)
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Physics Interpretation of 2y Signal .
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Z

e E o For] | BEED |

» Large Extra Dimensions - Jobf/ 0| e

S I { p l°"
. ~> 5 6 e EX0-09-004 -

» Randall-Sandrum Graviton sS4 L

4'40‘3 ",‘/ 5' - ' CMS Preliminary
» Scalar and Tensor Unparticles Wl L |
1}’ ?_.-1- | it
\ \ e Inte‘gsroatedzl?;\ino:t(; (p:?)O

= 10 . I T - B )~ T T —
L) o+ d=rona,=10 Vs =10 TeV 3 L) . d,=101,4=10 s=10TeV L 10 > P AEeta
§ + d,=1.01,5,=08 § ™ . d, =1.01,5 =09 o] 8
§ 8} - d,=1015,=08 @ A N o § * M, = 1000 GeV,K = 0.03
£ . d=11,5, =09 £ 6l s du=1.01./\.=0.8‘ ..... : S g 2 = GARE Al
c 7F c - c
o o r 1 (=]
2 61 - E 5 1 @
3 T : g °
2 5 e 2 4 . o EXO-09-009
? / ...... @ % 5

L S A — — 4 "

o e v " - -3 (|

VG of A TEXO-09:011 Yo | :

24 g EXO-09-011 [, 57" CMS Preliminary i/ =

7 CMS Preliminary 370 E h ; Jou10 TeV

Fﬂ Spin-0 Unparticles . :.1‘-’ Spin-2 Unparticles ] "1 CMS Pre"minary

" | " | | 1 ] 3 y
0 100 200 300 400 _s;,oo 0 100 200 300 400 50’0 0 50100 150 200 550 300
Integrated luminosity (pb™) Integrated luminosity (pb)

Integrated Luminosity (pb™)

» One measurement produces limits on several specific models
» Using simplified di-photon model would generalize them all
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CMS

Current Physics Model Approach in SUSY searches 58

signature |

mSUGRA LMO

X signature 2

$
mSUGRA LMI [ £}
mSUGRA LM?2 “ signature 3
signature 4
MSUGRA xxx \
Another Physics Model . ? signature N

» signatures to study are inspired by reference mSUGRA models

» measurements are treated in terms of mMSUGRA model parameters
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CMS SUSY Reference Models

mgluino (GeV)

Muino (GEV)

» Set of MSUGRA Reference Models poorly covers full space of
different Physics Models
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Simplified Models

» Represent the most pronouncing features of the signatures
» Contain minimal set of most relevant parameters

» If we see no excess in the signature

» Specifies which features of Physics Models are excluded

» If we see new physics

» Specifies effective parameters for Physics Model

;\R IT FedorRatnikov@cern.ch Search for New Physics at CMS 18
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Example: All Hadronic Decays @ LM1*

Palr Mdudon o 5 600
/-QO- 100%
it (=u)
o~y
us ~ 500
u o —-
e A 4 86% of all hadronic
—— — 0 product on in LM1 consists
\ R g‘ / of “simple” decay chains.
(=]) | g 7t I'his makes it particularly
amenable to being
approximated well with a
3-particle OSET.
- v ¥ V

» 3 essential parameters: M(gluino) drives the cross section,

two mass differences drive spectra *LM| = one of reference points in

mMSUGRA parameter space
SIT Fedor.Ratnikov@cern.ch Search for New Physics at CMS 19
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Simplified vs mSUGRA@LM

LM
(0.08221 : 0.04479) « [OSET gg —+ GG ~ 1]
(0.6963 + 0.06116) « [OSET gu —+ GU ~ 1)

LM

S— (0.3015 + 0.05728) ~ [OSET gg -+ WU ~ x ) 1999
L 1640 Fit : Y/NDF = 53.97/62 = 0.8704
1000 ” fl
Y 1400 3
%00 9 1200 4
] 5
J " 1000
600 L i
xoe |
L |
400 600 L
\Lk “ "_
200 N 1
~ 200 "\
S L
0 - T e e S S - S
0 200 400 400 HOO 1000 1200 1400 1000 L 00 400 600 8O 1000 1200 140
p (Jet 1) p (Jet 2)
L
(DOR221: 0044TH) . [ONMET gg -GG - 1) LM
[(D.0163 + S.00114) « [OBEY gu « OW ~ § 1880
1499 (93018 + 0.08720) « [OMET gy -« Ww ~ =] ] Fit : YY/NDF = 51.5/31 = 1,661
Pt of LT - YNDF = 96 5788 = 1 472 1600
1200 rl ! i
| . 1400
%00 J 17 1000 [
600 j L KOO !
L
9 000,
400 4
| 400 r —
200 J ﬁ\ - 200 "
| ] |
.. 00 1000 | S0 2000 1500 000 .. 200 400 600 B0O 1000 1200 1400 1609 1300 2000
genHT genMET

» Pretty good agreement on Generator level and with high statistics

» Instrumental effects and actual statistics fluctuation will smear distributions
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Simplified Models Approach p.
Driven by Theorists Driven by Experiment
mMSUGRA LM| .
sighature |
mSUGRA LM?2 Simplified 0
\ —— K |signature 2
Physics Model Simplified | :
Physics Model ~[_Simplified 2 <<y signature 3
. B sighature 4
Physics Model | Simplified xxx
/ signature N

Physics Model

» Simplified Models are inspired by Physics Models
» Measurements are treated in terms of Simplified Models by the experiment
» Results for Simplified Models are projected to the Physics Model by the theorist
» Exclusive list of Simplified Models provides comprehensive basis in space of possible
Physics Models
» Does such basis set of Simplified Models exist?
A Fedor.Ratnikov@cern.ch Search for New Physics at CMS 21
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CM

What Is It Useful For? %

» With any Reference Models set
» Experiments can convert raw measurements into parameters for standard
set of reference models

» Theorists can approximately extrapolate parameters from evaluated
Reference models to particular Physics Model

Precise combining Physics Model from several Reference Models requires unfolding
of correlated backgrounds and systematic uncertainties

>

» This can be correctly done only by experiments
» ... or can not, if intersection between Reference and Physics models is small
» Reference Models set combined from Simplified Models is special

» the number of models in the set is minimal, and covers the maximum
phase space of considered Physics Models

» The choice of Reference Models set may be driven by the Theory
Community

» Such set needs to be explicit and of limited size
SIT  Fedor.Ratnikov@cern.ch Search for New Physics at CMS 22
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Ongoing studies

» Just list those to be presented on the workshop

A\RIMI Fedor.Ratnikov@cern.ch Search for New Physics at CMS 23
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Characterization of BSM Signals

f’/ An “informed search” through BSM space

@

Signal could be these
(i-e* models composed
predominantly of a
single process)-

Compare each topology
to data, and extract the
maximum allowable
fraction of signal that it
can account for.

Ranking topologies in

decreasing order of this
maximum fraction gives
etc. us a priority list for what

/ to check (albeit not
strictly necessary).

» In Sue Ann’s talk later today
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: . CMS
Direct model parameters < observables relation e

Simplified Models for early searches

olepton

q ! o) _ .

S @ [« ;SP m, drives cross section

v : < . B

: .,__,’mA Ampg drives HT
' Amgc drives lepton’s p+
“ “ e

. MET is large as long as Am,. is

. large

Represent limits based on:

-m, Vs m_ - Sensitive to strong production scale

-m, Vs m, - Sensitive to strong (m A) and electroweak (mB) scales
-m, Vs Am B Sensitive to reconstructed quantities like HT (Sum]JetPT)

-m, Vs Am__- Sensitive to reconstructed quantities like lepton(s) p.(s)

Nov. 5" 2010, Characterization of new physics at the LHC, II. CERN 12 Sanjay Padhi

» This and more discussions in Sanjay’s talk later today
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Practical Exercise with Simplified Models

Limits for simple decay "ehMHT

Exclusion Limits

Exclusion Limits |

~1ooov~-. vvvvvvvvvvv - 205 @ 10001 T 3 209
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500 " 500 | jm
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E ] 300 " 26
200. NS E M 200 m4
1005 g § 3 :
of i, 100 - l l l E F
0 200 400 600 05— . il
M(Squafk)-M(LSP) 0 200 400 600 800 1000
M(squark

» This and more results in Mariarosaria’s talk tomorrow 9 am
» Wake up early, don’t be late!
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Summary -,
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» Exciting time for experimentalists: start pushing the boundaries
» Exciting time for theorists: moment of truth for various models
» CMS is looking on exclusive list of different signatures

» Need unified reference models for those signatures

» deliver results for further interpretations

» compare results, combining results

» Different models with signatures already being analyzed may be
tested with not much extra efforts from the experiment

» Simplified Models approach extends rather than substitutes the current
Physics Models approach
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