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Overview

® | ikelihoods in BSM searches at CMS
e Binned Cut and Count (Poisson)
e Unbinned Shape Analysis (Analytic function)
e Binned Cut and Count (Multinomial)
e Approximating the likelihood for reinterpretation
o Simplify as binned cut and count (Poisson)

® [0o0ls to help and future efforts
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Public Likelihoods in CMS
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CMS SUSY Public Likelihoods

CMS SU.SY Reference Likelihoods and Additional Information
Analysis
Razor arXiv:1212 6961 Binned Likelihood, Yields,

(7 TeV, 4.7 fo )

twiki.cern.ch/twiki/bin/viewauth/CMSPublic/
Razorl ikelihoodHowTo

Forthcoming: Detector Response,
Efficiencies

SS Dilepton,
2 b-jets
B8 TeV, 10.5 b1

arXiv:1212.6194

Yields, Detector Response,
Efficiencies

1 Lepton
(7 TeV, 4.98 fb)

arXiv:1212.6428

Yields, Detector Response,
Efficiencies

OS Dilepton

arXiv:1206.3949

Yields, Detector Response,
Efficiencies

/, Jets, MET

PLB 716, 260-284 (2012)
arXiv:1204.3774

Yields, Detector Response,
Efficiencies
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Canonical Use of Likelihoods
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Canonical Use

Use your favorite generator, Pythiag,
MadGraphb, etc. for your BSM model
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Bayesian Application of Likelihooo

Recall from G. Cowan’s talk

Bayes’ theorem only needs L(x|0) evaluated with a given data
set (the ‘likelihood principle’).

Single bin counting experiment
(s + b)Ne=(510)

Observe N events (data) L(N|s.b) =
Interested in a signal, with Poisson (Nls,b) =

N
likelihood and mean s+b (model)
Update our priors in light (s p|n) = —=NVIs b) (5, )
of data with Bayes’ rule J L(N|s,b)7(s, b)dbds
normalization |V
model space
" Javier Duarte CmS~

. Caltech
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Bayesian Application of Likelihooo

Parameters play different roles
S - signal yield, parameter-of-interest . .

. . non-informative
b - background vield, nuisance parameter \

m(s,b) = ms(s)m(b)

\ |
| | informative
Usually only interested In

signal yield, so we marginalize P(s|N) /ﬁ(N\& b)7s(s)m(b)db
nuisance parameter

upper limit on

Compute 95% credibility ., &~ Signalyield
intervals or whatever we want / p(s|N)ds = 0.95
0

"% Javier Duarte CMS,
, + Galtech 8
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Example: cut and count
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SS Dilepton

arXiv:1104.3168
JHEP 1106:077 (2011)

7/ TeV/8 TeV Updates
arXiv:1205.3933
arXiv:1212.6194

After selection,
estimate backgrounds

~

'@ Rare SM DrOCESSES
(from MC)

e.g. 99 > WZand ZZ

2 x (qq — W), ttW, and WWW
® 1 or 2 fake leptons
(data-driven)

e.g. semi-leptonic tt
(N Y,

Javier Duarte
Caltech

Search in SS dilepton + jets + M
final states in several signal regions

=

e 2 isolated leptons, first lepton py > 20 GeV,

second lepton pr > 10 GeV

e Rellso< 0.1 for pr > 20 GeV
and IsoSum< 2GeV for pr < 20 GeV

e 2 reconstructed jets, pr > 30 GeV

o EIMS > 30 GeV (ec and pu)
or EMss > 20 GeV (ep)

(data-driven)

\_

( : . )
® charge mis-reconstruction
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http://arxiv.org/abs/1104.3168
http://arxiv.org/abs/1104.3168

SS Dilepton Results

| Search Region | ee uu ey total | 95% CL UL Yield |
Lepton Trigger
ET'*s > 80 GeV
MC 0.05 0.07 0.23 0.35
predicted BG | 0.23703° 0.23102% | 0744055 | 1.2+0.8
observed 0 0 0 0 3.1
Hr > 200 GeV
MC 0.04 0.10 0.17 0.32
predicted BG | 0.7140.58 | 0.017027 | 0257077 | 0.97+0.74
observed 0 0 1 1 4.3
Hr Trigger
Low-pr
MC 0.05 0.16 0.21 0.41
predicted BG | 0.10 £ 0.07 | 0.30 £ 0.13 | 0.40 £ 0.18 | 0.80 4= 0.31
observed 1 0 0 1 4.4
ety Uty T total 95% CL UL Yield
T, enriched
MC 0.36 0.47 0.08 0.91
predicted BG | 0.10 +0.10 | 0.17 £ 0.14 | 0.02 + 0.01 | 0.29 4= 0.17
observed 0 0 0 0 3.4

Data: No excess

Javier Duarte
Caltech
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credibility limits
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Additional Information for
Gen-level Study

10
> f %)
S 0.9F 4 5 ‘ \
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0.6, &° E i
0.55 E 0.3[- ;'" .
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0.3 . efficiency fit ] N
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0.1 - - ) --- 1 efficiency fi ]
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Parametrized curve describes analysis efficiency
to canonical signal model at gen-level
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Validation - SS Dilepton

Using simple efficiency model of CMS detector, the
95% C.L. limits are reproduced

CMS\s=7TeV,L =35pb"
! | ! ! ! ! ' ! ! ! ! | ! !

T T | I I

~__ NLO Observed Limit . LEP2 %° |

o4 1 B}

---- NLO limit (efficiency model) LEP2 T° :
§(800 Gey, oo .

tanp=3,A =0,u>0
0 2 (800 Gev)

300

3 (650 Gev)

g(500 Gey)

200

100

0 100 200 300 400 500
m, (GeV)
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Model Publication - SS Dilepton

arXiv:1104.3168
JHEP 1106:077 (2011)

clearly specified selection

e 2 isolated leptons, first lepton p; > 20 GeV,
second lepton py > 10 GeV

e Rellso< 0.1 for pr > 20 GeV
and IsoSum< 2GeV for pr < 20 GeV

e 2 reconstructed jets, pr > 30 GeV

o £ > 30 GeV (ee and jup)
or EIss > 20 GeV (e)

-

object efficiencies for a
canonical signal model
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T p_?e” (GeV)

predicted background and
observed yields

‘ Search Region ‘ ee ‘ uu ‘ ep ‘ total ‘ 95% CL UL Yield ‘
Lepton Trigger
ET's* > 80 GeV
MC 0.05 0.07 0.23 0.35
predicted BG | 0.23703] 0237525 | 0744055 | 1.24+08
observed 0 0 0 0 3.1
Hr > 200 GeV
MC 0.04 0.10 0.17 0.32
predicted BG | 0714058 | 0017021 | 025707 | 0.97 +0.74
observed 0 0 1 1 4.3
Hr Trigger
Low-pr
MC 0.05 0.16 0.21 0.41
predicted BG | 0.10 4 0.07 | 0.30 £ 0.13 | 0.40 4= 0.18 | 0.80 £ 0.31
observed 1 0 0 1 4.4
eTy, UTh T total 95% CL UL Yield
Ty, enriched
MC 0.36 0.47 0.08 091
predicted BG | 0.10+0.10 | 0.17 4-0.14 | 0.02 +0.01 | 0.29 £ 0.17
observed 0 0 0 0 3.4
ducibility of limit
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Reinterpreting a shape analysis
N a new BSM model
Example: 2011 Razor analysis
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Razor Variables Motivation

lab frame

If we could see the LSPs, we could

boost back by BL, Br, and Bcwm

In this frame, we would then get

Ipi1| = |pi2|
00 Many missing degrees
of freedom to do this

% Javier Duarte
" Caltech
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Razor Variables Motivation

Approximate the squark rest
frame by boosting to the
frame where

IpRi1| = PRz

Transformed momentum
defines razor variable Mg

Estimates the momentum In

the true squark rest frame
2 2

M~ - M)Z

q

2 M,

| =

% Javier Duarte
¢ Caltech

RAZOR
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Razor Variables Overview

arXiv:1202.1503 | J 2

Require 2 energetic jets

Cluster all jets into two megajets —
Compute R* and Mg My = /(791 + [772)2 — (52 + p22)?

I— CMS Simulation Vs=7 TeV ’ Ldt=729nb" QCD
u 0.5: - — v ; 0.5 0.9 R
045 . B0 o4s M7
> o . ; 0.4 e iy 08 =V
o 0¥ R 178 2 035 R 5 07 1
olGls ST R "
D 0.2 g s ) 2 02 049
+— 0.15 i o osE) | 0.3H
C_U 0.1 ’ﬁzo 0.1 ¥ 0.2
D oos - 0.05- 3@ 7 0.1
0 0 O* i ] ) ¥ ST 15 8 O
o\ 0 500 1000 1500 2000 0 500 1000 1500 2000
s M, [GeV] M, [GeV]

Mg peaks at characteristic

mass scale
Javier Duarte CMs,
Caltech
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Modeling the Background in 2D

10

1= R?>0.05
—R®>006, , ., |

[

—_ — -~ 103

> - 2 1075

§ : C_MS Preliminary \s=7TeV| 2 By CMS Preliminary Vs =7 TeV
NI Dijet QCD control data S PN Dijet QCD control data

2 S RUNIN

$10° o TR

(D e Yoz SN

]+ 10 M. > 225 GeV i |
: »--:-.‘n--c n-+.-- - R> e .__:__‘ 9
JALLT, M., > 250 GeV b PN
‘ — M, > 275 GeV ‘ ‘ ‘ NG N

Mg >300Gey .

| — M,>200GeV -~

f « exp(-b M

1 1 1 1 1 1 | 1 1 L | | | | | | i | | | | | |
200 250 300 350 400 0.02 0.04 0.06 0.08 0.1 0.12

Mg, [GeV]

?) f « exp(-c R?)

Properties of integra
specify 2D form

10N ¢ _ exp(-k Mg R?)

fj(MRa RQ) — [kj(MR — M?z,j)(RQ — Rg,j) — 1]

X €X

Javier Duarte
Caltech

P[_kj(MR — M?z,j)(RQ — R(Q),j)]

CMS
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Razor Shape Analysis
Z O ySl (waD)

Events are classified in 6 disjoint boxes -T
based on lepton content >
(MU-MU ) ELE-ELE )

In each box, each SM
background probability density is

modeled by 1 or 2 instances of
fj(MRa R2) — [kfj(MR - M}Q{,j)(R2 — R(%,j) — 1]

[ MU-ELE

x exp|—k;j(Mp — Mg ;)(R* — R; ;)]

"% Javier Duarte CMS~
% Caltech 8
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Razor Shape Analysis o
Events are classified in 6 disjoint boxes E)

based on lepton content
(MU-MU ) ELE-ELE )

In each box, each SM
background probability density is (_MU-ELE )

modeled by 1 or 2 instances of
fj MRaRQ kj Ml%]. R%y)_l]

Mp | |R?| event-by-event observables

"% Javier Duarte CMS~
% Caltech ‘3
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Razor Shape Analysis

(HAD)

Events are classified in 6 disjoint boxes
MU E
based on lepton content . :)
MU-MU )( ELE-ELE )

In each box, each SM
background probability density is (_MU-ELE
modeled by 1 or 2 instances of

£ (Mg, R?) = (k) Mz — (R? ——1]
X exp @MR )(R* —(R;,))

j indexes the SM background,
e.q. j = ttbar, W/Z+jets, etc.

k| | M o jo fit parameters of bkgd model

& Javier Duarte CMS~
¢ Caltech 8
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Razor Unbinned Likelihood

An unbinned, extended maximum likelihood fit is
performed in a sideband fit region, and extrapolated

IN the dataset

N
L, — eXp[_ ?\ﬁGSM Nj] H (Z Njfj<MR(i)7 R?i))) iigdexes an event

i=1 \jeSM

N = total number of events
N; = expected yield per SM bkgd
fi = prob. density per SM bkgd.
R?y», Mry = per-event observables

3500
Mg[GeV]

<% Javier Duarte
<, ¢ Galtech
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Razor Fit Results

< _ 2  F _
ig% 103%— ﬁxgﬁxg IZD{T:-? b H AD :32/ ﬁZSﬁxfIZL 4.7 fb” H AD
g - — SM Total S 10°l— ® Data
) — V+tjets 1st L — —— SM Total
o 102 E_ tt+jets 1st + effective 2nd :' ,,,,,, :{:JJ:E 11§:+effective o
) ;_ T T e
- gt 10" ==
b [ el ¢ : »
400 600800 1000 9200 1400 1600 1800 2000 2200 02 025 03 03B 04 04505
MR [GeV] HAD box SR p-values * CMS Vs = 7 TeV f Ldt=4.7 b’ R2
Sum of W/Z+jets and tt+jets e
backgrounds described by sum of =%
3 PDFS Of the form 0.2:;60' TTT000 1500 2000 2500 'I\:o'([)g;v'] 3500
HAD 68% range mode median observed p-value
fj(MRv RZ) — [kj(MR R Ml%,j)(R2 o Rg,j) T 1] SR1 (0,0.7) 0.5 0.5 0 0.99
SR2 (0,0.7) 0.5 0.5 0 0.99
x exp|—k;(Mp — ]\4]95].)(}22 _ jo)] SR3 (45, 86) 73 69 74 0.68
’ ’ SR4 4, 15) 9.5 10.5 20 0.12
SR5 (530, 649) 566 593 581 0.82
SR6 (886,1142) 987 1020 897 0.10
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Sighal + Background Likelihood

An unbinned, extended likelihood for the signal
+background hypothesis is formed from the sum

eXp[_Ns — Z N] al
Corp = jesM 1V H N, fo(Mpgy, R2) + Z ifi(Mpg i, RY)

1=1 JESM
N N N N
bq)@ \(\/@ %QQJ n;,}@
llllll T T

signal +  background

0.9

= 1150 GeV, m_ = 900 GeV
B - 1150 GeVom, =900 Ge
m, = 1150 GeV, m_= 750 GeV
x
= 1100 GeV, m_= 500 GeV
B ;- 100 GeV.m, =500 Ge
""" a = 1150 GeV, m_= 50 GeV
X

08 Q"
0.7p
0.6

& 0.5
0.45

0.3[3

0.2

aamef-]-1-4
1000 1500

M, [GeV]

2500

il
2000
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Limit Setting

We use the ratio of marginal likelihoods as the test |log (

statistic, evaluated on data in the signal region

£s—|—b —

exp[—Ne = 2 iesm Vil 1
N = H N fo(Mray, Riy) + Z N; fi(Mpg i, R})

i=1 jeSM

i / Lovy dvy dus

Done numerically, by varying the distributions of the
signal and background in pseudo-experiments
according to the nuisance parameter priors™

Vp bkgd fit parameters  k; M?{J’ Rg,j etc.

Vg jet energy scale, PDFs, etc.

*More on this procedure later

Javier Duarte
Caltech
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Example Hypothesis lest

m0:24() m1/2:500
tan 8 =10, Ay=0, /L>O

| | | | | | | | | |||||||| | | |

0.06 CMS Preliminary f Ldt=800pb
0.05 —P(Albonly) -
0.04 — P()\. | s+b) _:

= — A\ observed E
= 003 ~
0.02 -
0.01 —

| |

300 50 100 150 200 250300

Javier Duarte
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1 —CL, A

data with b-only hypothesis

Reject signal model when

CLs—I—b

cL, < 0.05

CL; =

~
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1000
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m, , [GeV]

2011 Razor Limits

Constrained MSSM

CMS Preliminary \s=7TeV f Ldt=44fb"
T T | T T T T | T T T T T T T T | T T T T | T T T T ]
7S % ]
tan(p)=10 9/\\900 %\\ _:
Ao =0 GeV Z 2 mg)=2000 7 1000
u>0 © ]
m, = 173.2 Gev Razor Inclusive -
Hybrid CLs 95% C.L. Limits - 00
Median Expected Limit -+ —
........ . . : ([@\
Expected Limit 1 o . Q
........ _— _—
——— Observed Limit 1 > 600
------- Observed = 1 o (theory)  — (QD)
- —_—
m(g) = 1000 — [P
i Nt e 1 8 400
s
o 200
WM O :

500 1000 1500 2000 2500 3000
m, [GeV]

Javier Duarte
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Disquark Production
Simplified Model

~~ o~

pP—~qq.d—=q+%

. T | T T T | T T T | T T T | T T T T T T

— CMS Preliminary Razor Inclusive

— s=7TerLdt=4.7fb'1

prod

III|II+

— observed limit (™ = o"->P)

= = observed limit + 10 (th.)
== median expected limit
= = expected limit + 10 (exp.)

T T R T T B |
200 400 600 800 1000 1200
m, [GeV/c?]

95% CL upper limit on o (pb) (CL)
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Razor Binned Likelihood

Since CMS data is not public, unbinned likelihood is of limited use
Instead, one can construct an binned likelihood as the product of
many independent poisson likelihoods

| / Poisson (|5, b;) (b [5;. b;) b,
bin 2 /

Mean expected background Gamma, Gaussian, LogNormal, etc.

count is marginalized with
o.45j:
your choice of prior
Had Box Observed Predicted Mode Predicted Median b+ éb 0-35j
bHad_ 4.3 56 64.5 64.5 64.3 + 1.4 0sFi
bHad-4-4 27 23.5 23.5 22.7+ 1.1 E
bHad_5_3 30 39.5 39.5 38.6 + 1.3 0_25:
bHad 5.4 18 12.5 12.5 12.2 + 0.8 -
bHad_6_3 21 23.5 23.5 23.4+ 1.0 0.2 1w
bHad. 6.4 4 7.5 7.5 6.6 —0.8 s
bHad_7_2 44 57.5 58.5 57.6 = 1.5 | ORI L
bHad.7.3 11 14.5 14.5 14.1 + 0.8 B R T R— 2000 55003000 3500

MA[GeV]

Javier Duarte
Caltech
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Additional Information - Razor Analysis

arxXiv:1202.1503

twiki.cern.ch/twiki/bin/viewauth/CMSPublic/RazorlLikelihoodHow To

clearly specified selection

e 2, jets with pr > 60 GeV, cluster all jets (pr > 40, || < 3.0) into megajets

o 1?2 >0.18, My > 400 GeV (Had)

e Tight electron (pr > 20, |n| < 2.5), Loose electron (pr > 10, |n| < 2.5)

e Tight muon (pr > 15, |n| < 2.1), Loose muon (py > 10, |n| < 2.1)

e MuEle: one Tight electron, one Tight muon

e MuMu: one Tight muon, one Loose muon

e Mu: one Tight muon

e Ele: one Tight electron

e EleEle: one Tight electron, one Loose electron ® Had: all other events

sel. efficiencies for CMSSM

predicted background
and observed yields

Had Box Observed Predicted Mode Predicted Median b+ éb
bHad_ 4.3 56 64.5 64.5 64.3+ 1.4
bHad-4-4 27 23.5 23.5 22.7+ 1.1
bHad_ 5.3 30 39.5 39.5 38.6 + 1.3
bHad-5-4 18 12.5 12.5 12.2 + 0.8
bHad_6_3 21 23.5 23.5 23.4+ 1.0
bHad. 6.4 4 7.5 7.5 6.6 —0.8
bHad_7_2 44 57.5 58.5 57.6 +1.5
bHad.7.3 11 14.5 14.5 14.1 + 0.8
bHad_7_4 1 3.5 3.5 3.3 =-0.8
bHad. 8.2 50 64.5 64.5 63.5+ 1.5
bHad_8_3 18 14.5 14.5 13.9+ 0.9
bHad. 8.4 4 3.5 3.5 3.0 =0.7
bHad-9-2 18 29.5 29.5 28. 7+ 1.1
bHad_ 9.3 4 5.5 5.5 5.0=0.7
bHad-9-4 2 1.5 1.5 0.7 =0.7
bHad_10.2 8 13.5 13.5 13.1 + 0.9
bHad-10-3 2 2.5 2.5 1.7=0.8
bHad_10_4 Q0 0.5 0.5 0.3 —0.3

cMsSM tan=10 HAD Box
700F

600"

marginal binned
likelihood function

500

400[

M, , [GeV]

300

|

200F

Signal Region Efficiency (%)

100

EgTIZ — H /Poisson(ni\si, bz) W(bz‘gz, 5bz)dbz

2000 0 l)iIl 7

500 1000
M, [GeV]
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Validation and Combination of
Razor Binned Likelihood

arXIV:1 206.02 64 Measurement Mean or Range|Exp. Error|Th. Error|Likelihood Distribution | Ref.
1000 - ettt T T JCMS razor 4.4/fb analysis |See text See text |0 Poisson 2]
SM-like Higgs mass m;,  |125 2 2 Gaussian 8, 9, 44]
- BayesFITS (2012) | O, h? 0.1120 0.0056  |10% Gaussian [46]
L 1 |sin? feg 0.23116 0.00013 0.00015 |Gaussian [47]
mw 80.399 0.023 0.015 Gaussian [47]
200 - CII\I/IﬁSSI\;L Z >0 0 Likelihood 7 16(yg (—_Q)AS}JSY>)<10104 28.7 8.0 1.0 Gaussian 47, 48]
-~ tanf8 = — -1 1 |BR (B = Xs7)x10 3.60 0.23 0.21 Gaussian [47]
> 0 Razor 4.4 fb BR (B, — /)% 10* 1.66 0.66 0.38 Gaussian [49]
i 1 |AMEg, 17.77 0.12 2.40 Gaussian [47]
>’\ L 68.3% CL 4 |BR(Bs = ptu) <45x107% |0 14% Upper limit — Error Fn| [23]
O - — 050%CL | -
L L 0 _ __BayesFITS (2012)
(D 600 9973 /O CL —— LHC (5/fb)+m,, ~125 Gev]
N~ r 7 Posterior pdf
i \ | CMSSM, >0
N == (CMS Razor 950/10 CL 10} Log Priors
= .- ATLAS47f67'95%CL| . | 1 |
S 400 2 | T 125|GeV very unlikely
L 4 Q- .
8 in CMSSM
» -
L \/\\‘"\‘f/,\“\J\f'\,__,_,* Q_OG*
)
200 - . =
-+
- . O 0.4}
)
L I I I | I I I I | I I I I | I I I I L] o
1000 2000 3000 4000 0.2
myo (G@V) ) | | ‘ | |
]30_0 112.5 115.0 117.5 120.0 122.5 125.0
m,, (GeV)
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Reinterpretation for light stops

arXiv:1212.6847

Search for right-handed stop with

200-400 GeV

Motivated by LHC data and flavor constraints, RG
equations, and thermal abundance for DM

mgl

Generated pair-produced stops with
Pythia 8, clustered into jets with FastJet

?? — ngbN.

Applied lepton efficiencies
from SS Dilepton

CMS Simulation, (s =7 TeV

Neutralino mass in GeV

400

100

300

200

[ Plo)do _
Joo P(o)do

250 350 400 450 500

200

Lightest stop mass in GeV

Efficiency

—

o
-]

o
o

JHEP 1208, 110 (2012)

- arXiv:1205.3933 E

r /{ - ]
-7 e electrons E

20 40 60 80 100 120 140 160 180 200
Leptonp (GeV)
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P(o) =

Derived posterior probability on
cross section from likelihood

o 1 b L n,—b—Loe _
Iy a0 Lo (ele.6.) Ln(blb. 6,)
0 0

n!
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arXiv:1206.0264

BayesFITS combi
with Higgs, Bs—1

ities in CMSSM

nation of Razor
U, etc. to derive

2.0
solid: 1o region j

BayesFITS (2012)

-
Vo -

SO 0| % Bestfit

® Posterior mean

posterior probabi G
Reinterp. for very light stops* | oo
Reinterp. for light stops,
mp < Mg + My ~ degen. with neutralino

m , (GeV) 400 e

300 ¢ arXiv:1212.6856

250 ,

200 % 300j

150 =

100 g 200

i CMS Razor 4.4 fb~" E
50 - CMS Razor 4.7 fb ™! E
’ e e (GeV) 100 5
150 300 SN

m , (GeV) : . \.

*Used a coarser binned likelihood B 200‘Léffest:f;naji(}ejm45‘0'5100
Javier Duarte i,
Caltech |
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New

<% Javier Duarte
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Example: Search for contact
INnteractions In jet pT spectrum
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Contact Interactions

New quark-gluon physics at a high
mass scale /\

= effective 4-fermion interaction Reparametrize

A= 1/A?
*&qlﬁy% CIL'Y]ML)

a = asm + Aacr
destruetlve Construetlve

Cross section proportional to

— 2
squared amplitude = Op =k + b A+ agA

QCDno CI(A)

% Javier Duarte CM1s,
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Statistical Model

. 00 CMS Simulation __ L?Sfb” s=7 Te\:{
Analytic model of the signal for any A g | s {
4 pT O\ P2 A DT )P4 ( A )2 R N +
f=1+p (1OOGeV) (1TeV2> TP (1oocev 1TeV 2 Q| e
DE' 10 - A=12TeV ;’_;i ' i
w = P1, P2, P3, P4 parameters are estimated s ;o #
in a simultaneous fit | S A
. P . . I AT S L L
Data: no significant deviations 0 —""fo0 1500 2000
_ cvs ‘L‘=‘5ft‘)'1‘\Fs‘=‘7'l"e\:/ JetpT(GeV)
%103 Il <0.5 e Data 4 . . . )
s | —aco Multinomial Dist. Model
< ok +10 i N! K 0 N]
DA w) = it
% pDIA, ) Nl!---NK!E(a
107} : ]
Pr9) = 00617 T Data are the counts In H— N N
e Holod. 1500 2000 each OT ollp — A
JetpT(GeV) J
Javier Duarte CMs,
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Handling Nuisances

Likelihood is marginalized discretely by creating ensemble
of correlated background and signal spectra, in which

parameters vary randomly

" jet energy scale
jet energy resolution
PDFs
renormalization scale
_ factorization scale |

~

Refit resulting distributions 500 times,
arrive at a discrete approximation of
marginal model p(D|A)

Javier Duarte
Caltech

¢

o qCMS - I7=§ft‘)'1 Vs=7TeV
-
o | m<os e Data
s | —Qcp
c\g - +20
g 2 +10 il
1m0-0-o-o—-*—-0-0-_._++ H | i' T |
f el i f
" Pr(KS)= 0.6617
| %?/NDF =23.5/19 +

N B
1000

C
1500

2000

Jet P, (GeV)

| p(DIAw) (@) de,

Ly
— ) P(DIA, wn),
M m=1
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Results

CMS L=5f"' \s=7TeV CMS L=5f" Vs=7TeV
077 01— — T T
< <
Q ---- stats. only Q ---- stats. only
Q Qo

— all uncert. — all uncert.
0.05} ! - 0.05F .. -
‘ destructive S constructive
interference interference
0L — 0 i e
0 0.005 0.01 0.015 0 0.005 0.01 0.015
A =A% (TeV? A =A% (TeV?

Set 95% lower limits of 9.9 TeV p(a
(destructive) and 14.3 TeV (constructive) —2log (
using ratio of marginal model and CLs
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Summary and Outlook
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Summary and Outlook

o CMS BSM searches use a variety of likelihoods and
handle nuisances / compute limits in different ways

e Bayesian (Marginalize), Frequentist (Profile), Hybrid

® Several analyses provide public likelihoods and details
for generator-level study of your own BSM model

® [ven in cases where full model are not provided, one
can derive an approximate likelihood

e \Working to provide public likelihoods in future CMS
BSM analyses

e Razor Analysis will provide full details and code to
implement binned likelihood in python
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