.\ -

LPCC Worksh@& y‘kellhoc)ds’for LHC Searches
Summ ~ 1S

Kweﬁmmer( |
Harrison B. Prosper (Florida State~U

. ‘Se_Zﬁ_rJ,S.ekmen-gQERNz R v
2 R bttt 2 o L > — ST SN AR . .‘. b .




List of Talks

Day 1

° Sezen Goals

°* Glen  Principles

°* Kyle  Context/Scope
Feedback

® Marco

® Maggie

° Béranger

LPCC Workshop on Likelihoods

Day 2
° Kyle  HistFactory
°®Sven  ATLAS HZZAI
Higgs Combination
° Minshui CMS
° Haoshuang ATLAS
Day 3
° Walter
° Javier (thanks Maurizio!)
* Wouter

Panelists Sinje, Mike,

Lorenzo
CERN



DAY 1

LPCC Workshop on Likelihoods CERN



Sezen: Workshop Goals

Goals
° Educate ourselves: why are likelthoods needed?
° Move towards routine publication of likelihoods

\
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- M. Felcini, B. Fuks, D Guadagnoll,J.F. Gunion, S. Heinemeyer,

'J. Hewett, A. Ismail, M. Kadastik, M. Kraemer, J. Lykken, F. Mahmoudi,
S.P. Martin, T. Rizzo, T. Robens, M. Tytgat, A. Weiler
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Glen: Basic ldeas

Distribution
Probability density (or mass) function, Nature(x)
X  potential observations

Model

P(x | u, 6) 1s a parametric model of the unknown function
Nature(Xx) with parameters ¢ and 6, some of which are
Interesting («) and some not (6).

Likelithood
L(w, ) =L(D |y, 6) =P(D|u, 8 D =observed data

LPCC Workshop on Likelihoods CERN



Glen: Basic ldeas

Need a way to get rid of parameters not of current interest.
There are two general ways, marginalization and profiling:

Marginal Likelithood

Profile Likelihood

Profiling can

be regarded as marginalization with the prior

LPCC Workshop on Likelihoods CERN



Kyle: Context & Scope
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Marco: Is it the SM Higgs?

LHC Higgs Cross Section Working Group
Assumptions

® SM tensor structure (CP-even scalar)

° A single zero-width resonance

° 1; = 0; [ ogy; and ke =T / T, are free parameters,

where

CMS Preliminary
Vs=7TeV,L=5.11fb'
Vs=8TeV,L=531b"

How do we best report experimental results
(with the goal of allowing more
detailed/accurate studies)?

LPCC Workshop on Likelihoods CERN



Maggie: Is it the SM Higgs?

Test of the Hig_gE mechanism

e Discovery - m

e Interaction with a scalar Higgs ~:  gHXX ™~ mMX m—0 mAl
with v = 246 GeV# ()

¢ Spin and parity quantum numbers - JFY

e EWSE requires Higgs potential - AyHH AHHHH

Can use an effective field theory (EFT) approach:

L = Lp— (MGWIWr + %ME;_E“E“ )1+ 20l 4 O(h?)]
u

- h
— 1y, [ 1 +ey—+ AQ(h?)] + ...

LPCC Workshop on Likelihoods CERN
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Maggie: Is it the SM Higgs?

¢ What we need: Information on

< Signal strengths separately for 7 and 8 TeV.
[For Nov12 data updates of 7 TeV analyses, but not publically available.]

¢ Separately for the individual subchannels.

¢ Separately for the various Higgs boson masses;

ideally in form of "blue band” signal strength plots as function of the mass.

< State clearly for each subchannel the compaosition of the production mechanisms, which has

been used by the experiments.

¢ Correlations among the channels: in terms of a simple correlation matrix on the signal strengths.

Theory-Exp cross talk on basis of signal strengths with clear errors and correlations

(— e.g. EWPD)

¢ Include theory errors in the correlations - would be good

LPCC Workshop on Likelihoods CERN 11



Béranger: Is it the SM Higgs?

Effective Lagrangian

Mz My

Mt — Cp—bbh — Cp-

my 2w Tk

L= i [C'\.-' (m W I'I"}; W+ Z_HZH) — Cy

cos fy
Scaling factors C (= x) parametrize deviations from the SM
Fitting procedure

cpg

Z (1 — py,
Apz
e

The ignorance on the shape of the PDF of p is a sizeable source of
uncertainty in our analyses
— would be very useful for us to have this information

LPCC Workshop on Likelihoods CERN

ool
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Béranger: Is it the SM Higgs?

Our theorist dream would be to have the full likelihood in the 6D plane
(M, e My Huge + Hi 0 Bz

LPCC Workshop on Likelihoods CERN
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Kyle: HistFactory

D=A{x1,...,2,}

Marked Poisson Process: n

f(D|v) = Pois(n|v) H f(x,)

Equivalent to a multi-bin Poisson model with bins so small
that the chance of > a single count per bin is negligible

n is the number of events and {x_} are the measurements (e.g.,
the di-photon masses) .

In general, fisamixture: f(z) = Y vefelx)

Vtot

sEsamples

LPCC Workshop on Likelihoods CERN 15



Kyle: HistFactory

Simultaneous Multi-Channel Model with constraints:

ftct(f’,sim; g|ﬂf) — H PDiE(nc|uc(&)) ]j fc(f‘jee|ﬂ) : H fp(ﬂp|&1?)
e=1

pES

ccchannels

where Dgiy = {D1,...,De ) G = {ap} for peSs

f,(a, | &) are the likelihoods of the auxiliary measurements a,
from either real, simulated, or hypothetical experiments.

These functions provide constraints on the parameters o and
hence on the parameters v, (a).

LPCC Workshop on Likelihoods CERN 16



Kyle: HistFactory

XML representation of model

<!DOCTYPE Chanmel SY3TEM *'HiastFactoryschema.dtd®=>

<Chanpmel Name="A" InputFile=-"_f datafABCD.Trgot™ =
’> <fatz HistoName="A_data" HistoPath="" Jf>

<!-- This i1& the signal (ag. Da}--=

«5emple Name=-"A_Signal"™ HistoFath="" HistoName="unit_hiscogram™
“!-- now B 15 nDumber of EVWENLHE -->
<HNormFECTor NHame=-"mu" Val="1" Low="0" High="200" f=>
<0verallSys NHame=-"syBtl™ High=-"1.01" Low="0.58" f>»

</Sample>

@ RooWorkspace

LPCC Workshop on Likelihoods CERN 17



Sven: HZZ*(4l) in ATLAS

_ Studying production modes:
dgg:raelrsvsr;gi:‘h Er one u;for every production
y-asnge s > mode and decay channel
L(p,0 A
('uj ) L(P:i:' Fj, 9)
CME Prefimingry [E=7ToV L1 fe= 8 Ted L 122 05"
z N RS LA R RERN Eiss s S
i + Hoeww
=" + H.ZZ
EEE + H—=bb W,
5K

For coupling studies: every p;is
parametrized in terms of
theory parameters i

||||||||||_
5 30 35

B Vg L(pi(s), Hj (K),0)

paaa b beaa s b daa s b s aa b sl
-10-0500 0510 15 20 2
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Sven: HZZ*(4l) in ATLAS

KEYS PDFs : -
histogram binning effect

MC samples in histograms shown as points.
KEYS PDFs overlayed.

= variable width kernels

= no discretization in observable \

[ — \ ——
[ | [T '& T

Kernel density estimation °#°
+ density morphing 0.2
+ HistFactory

0.15

Cranmer, K, 01

Kernel Estimation in High-Energy Physics

Computer Physics Communications 0.05

136:198-207, 2001

hep ex/0011057 q %0

m [GeV]

LPCC Workshop on Likelihoods CERN 19



Sven: HZZ*(4l) in ATLAS

Mass Discrepancy

e 4_5_I I | I I I | I 1 I | I 1 I | I 1 I I ]
= £ ATLAS Preliminary 2011+ 2012 Data -
E! - fs=7TeV: [Ldt=4648f"  — combined ]
E 35F f==8TeV: [Ldt=13.0 " —H-—=1y —
17 = —H-ZZ" .4 =
3 R \ =
g = . ~ g
& 25F E
2F E
19 | peati | E
{E —8%cL =
E ekl -
0.5F without MSS i =
—  in bghter colora -
i TN T KN SN NN N NN NN NN NN NN SN SN NN NN N SN R NN S S

0 120 122 124 126 128

Editorial comment: Jack’s intuition is spot on! For discrepant
results, the combined result ought to be worse.

LPCC Workshop on Likelihoods CERN



Sven: HZZ*(4l) in ATLAS

Clarity Prize goes to Sven for explaining to me why a p-value
computed from the background-only hypothesis depends
on the alternative hypothesis!

Harrison: “Please explain this plot”
Sven: “The sampling distribution

of t(x) = -2 In L /L, IS iIndependent
of my, as it should be, but the power
of the test is maximized for each my,,
so the observed value of t

F....|....|1:"-.:-;"-..|....|...-:;.~’;|....|....:|
Changes Wlth mH” 11]';'"] 120 130 140 150 16!]":41}05&1'1!]33

LPCC Workshop on Likelihoods CERN
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Mingshui: Higgs Combination (CMS)

Model: Marked Poisson Process (see Kyle’s HistFactory talk)
LEP

No constraints for parameters 6 with systematic
uncertainties

Tevatron
Use priors z(6|6,) to constrain
LHC
Interpret z(6|6,) as =(6|6,) ~ T (6,|60) =(6)
Cowanscher Ur-prior!

and interpret f (6,|0) as the likelihood for auxiliary
measurements 6,

LPCC Workshop on Likelihoods CERN 23



Mingshui: Higgs Combination (CMS)

Assumptions (current measurements)

° Data are disjoint
® Standard Model with m, and x as free parameters

® Same my, for all channels

Vs=7TeV, L=51f" is=BTeV, L1221’

fe=7TeV. L5 i’ fs-8Tev. L1222

1 8CMS Preliminary
2 LR A - E CMS Preliminary  m, = 125.8 GeV

g 1.6F I 8% CL band - H—s bb (VH tag]

= 1.4 = H — bb (tiH tag)
et F ]

w 1.2 — H— 7z (01 jet)

3 0F H — =t (VBF tag)

H— 11 (VH tag)

H — yy (untagged)

H — yy (VBF tag)

H— WW (01 jet)

H — WW (VBF tag)

H— WW (VH tag)

] H— ZZ
_U'4IIII|IIII|IIIIIII I|III IIIIIIIIII_

110 115 120 125 130 135 140 145 -2
my (GeV)

Detailed models can be provided in RooWorkspace form

2 4
Best fit UfUSM

LPCC Workshop on Likelihoods CERN 24



Haoshuang: Higgs Combination (ATLAS)

Basic tool is HistFactory for all channels except for H to yy
A Single Channel

ILdt:ﬂpr'
s = T TeV

Events / 5 GaV

...,-

JUVUL \\\ v = vi(a),
f{z}}fﬂrlfx} \j

ozt E 2N |
: ] N s,
‘;? D_E;— FL __ T 'rfI:)/ iy f'!lljllllli lﬁl}ﬁ%ﬁr \“|| Il-lll
Tt 1 oo0oeoo) ‘ ‘ | | | ﬁI b
ot [ : P UL ALY 1
ﬂ.ﬂﬁi— '_n-—--J ...... '_L-.u.-.-.._......._.: H&%I .ﬂ!lla. J'_j':_.:_.'\_:ll '|:_" | h
Sp—— I? W
T T T TR T T

170 180 190 200 210 220 230

LPCC Workshop on Likelihoods CERN
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Haoshuang: Higgs Combination (ATLAS)

Important point

In combining channels the Greek symbol fallacy is avoided.
An explicit decision must be made about how parameters
with the same name are related, if at all.

Typically done by modifying the XML representation of the
model.

. /" Combined model

Individual model

1_BR_gomgan[1 Wkru_RR_WET1-17, m

Nuisance
Rarameters]

LPCC Workshop on Likelihoods CERN 26
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Walter: BSM Searches

Guided by a well-motivated theory, e.g., the pMSSM, and its
simplified model decomposition

PMSSM Results (non-CMS)

200

e

p(e I preLHC) - 68% BCR =—95% BCR p(e I CMS) — GB% BCR =—05% BCR
1200 1200

I
|
1000 1000 f
I
< 800 <> 800 !
S ¢ |
2 600 @ 600
© cd |
E E {
Fod 400 o 400
|
|

=) & 3 | T TR

0 i 0 cp =g e ]
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
g mass [GeV] g mass [GeV]

...but CMS pMSSM / SMs analysis in progress...

LPCC Workshop on Likelihoods CERN



Walter: BSM Searches

Ultimate vision: e.g. Histfactory + hepdata may make
It possible for us to produce all sorts of combined
likelihoods, across analyses, across results .....

http://www.hephy.at/user/walten/cgi-bin/pmssm.py

*HE

e e

Facdagf4

TR

EE!!EBQ!!EEE&@;;EE
ra i s TTRRRERYE

e i
T i

PFRF
3
(]

Our ultimate vision looks like this:
— take a specific parameter point of a model (e.g. via an MCMC walk)

— decompose it into its SMS spectrum
— check the latest and greatest ATLAS / CMS / non-LHC results for the

various topologies

LPCC Workshop on Likelihoods CERN
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Javier: BSM Searches
CMS SUSY Public Likelihoods

G':nsaﬁ;j( Reference Likelihoods and Additional Information
Razor arXiv:1212. 6961 Binned Likelihood, Yields,
7 ToV, 4.7 for) twiki.cern chAwiaminAiewautn/OMseunies | FOrthcoming: Detector Response,
o BazorlspnoodHowTo Efficiencies
SS Dilepton,
0 bﬁs arXiv:1212.6194 Yields, Detector Response,

@ TV, 10.5 fb-) Efficiencies

1 Lepton _ Yields, Detector Response,

(7 TeV, 4.08 fo-') arxiv.1212.6428 Efficiencies
, _ Yields, Detector Rasponse,

OS Dilepton arXiv:1206.3949 Effcioncies
PLB 716, 260-284 (2012) Yields, Detector Response,

Ly 2ty b B arXiv:1204.3774 Efficiencies

LPCC Workshop on Likelihoods CERN
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Javier: BSM Searches

Razor Shape Analysis

Events are classified in 6 disjoint boxes

based on lepton content

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

£(Mg, B?) = () Mg —(M3, ) (R? ~®s)) - 1

< expl G5 M — 78,) ()

j indexes the SM background,

e.g. ) = ttbar, W/Z+jets, etc.

ki MR

LPCC Workshop on Likelihoods

2
Rﬂ,j

fit parameters of bkgd model

CERN
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Javier: BSM Searches

Signal + Background Likelihood

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

exp|—N; —E'esm N;| ad 2 2
Loph= s TT{ N fo(Mpy, BE) +% N;f;(Mp i, R2)

i=1

signal  +  background

[ ELL L TR [ R]

RI

LPCC Workshop on Likelihoods CERN 32



Javier: BSM Searches

Contact Interactions 3 3 hest =y
| k<05 & Data
New quark-gluon physics at a high =) —QcD
mass scale A\ g o .:f:
= eﬂec’[we 4 fermion interaction Reparametrize : )
A = 1/A? I '
@90 (L) 1 _
& PriKS)= 06817 +
a = agp + A dcg A e O
destructlve Constructwe 1000 1ﬁp' Gov)
cross section proportional to o 2
squared amplitude Yk :/Ck +Lb kA T+ A J
~"
QCDn1o CI(A)
Nuisance parameters p(D|A) = ) dw

marginalized through
Monte Carlo integration ~ — Y pl

LPCC Workshop on Likelihoods CERN 33



Wouter: RooFit

RooFit is a probability modeling language:

Math

RooFit

diagram

RooFit _
)]

code -
2
(3}
@

®

) RooRealVar x RooRealVar m

gauss(x, m, Js )

(&) RooGaussian g

A RN

RooFormulavVar sqgrts @

) .

(3) RooRealVar s

RooRealVar x(“x","x",-10,10) ;

RocoRealVar m("m","mean",ﬁ] ;

RooRealVar s(“s","sigma”,2,0,10) ;
RooFormulaVar sqrts(“sqrts”,”sqrt(s)”,s) ;
RooGaussian g(“g","gauss”,x,m,sgrts) ;

RooStats provides high level statistical tools that use RooFit

models

LPCC Workshop on Likelihoods

CERN
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Wouter: RooFit

A RooWorkspace Is a mechanism to store a model + data

Math f(X’y’Z)

RooWorkspace

RoolbsReal £

RooFit
diagram

RooRealVar x || RooRealVar y RooRealVar z

RooFit RooRealVar x(“x”,”x",5) ;

code RooRealVar y(“y”,"y"”,5) ;
RooRealVar z(“z”,”z",5) ;
RocBogusFunction £(“£” ,"f" ,x,v,2) ;
RooWorkspace w(“w") ;
w.import(£f) ;

Long-term retention ability of workspaces explicit goal

— ROOT schema evolution framework provides tools to guarantee
backward compatibility for reading existing workspaces

LPCC Workshop on Likelihoods CERN
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Panel Discussion

Slnje, Mike, Lorenzo

HEPData on INSPIRE

Make data sets searchable, findable, citable

Assign Digital Object Identifier (DOI) to data
° Should we track the re-use of data?
® Should we have a single portal (e.g, Inspire)?
° Will will have a single portal?
* Will need non-web access also
°* RECAST requests that are honored could yield citation
° Are there legal issues?

LPCC Workshop on Likelihoods CERN
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CONCLUSIONS

LPCC Workshop on Likelihoods

CERN
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ICHEP 2040

The New Standard Model has been firmly established

Mg, M, M,

m,, My, Mg, M., m,, m,

012, 053, 013, 0 @
01, 92: O3

Ooco

1, A

LPCC Workshop on Likelihoods

CERN
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Conclusions

We could do a better job of understanding the LHC data if
more information were made public in a systematic way

A general way to do this is to publish the probability model +
relevant data set

The technology exists (RooWorkspace, Inspire, HepData) to
publish arbitrarily complicated models, retrieve them and
use them in analyses

My sense is that our field is nearing a tipping point, for the
better!

LPCC Workshop on Likelihoods CERN 39



Thanks!

° We thank the LHC Physics Centre at CERN (LPCC) for
hosting this workshop and its financial support of two
RooStats developers. We thank the Theory Secretariat for
organizing the coffee breaks!

°* We thank YOU for making this workshop both informative
and enjoyable.

®* We thank the World’s funding agencies and the World’s
taxpayers for their generous support:

LHC cost: $1million / scientist
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