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Approaches to extraction of limits from the
data in search experiments

Focus here on CMS-SUS-20-004 [1]: Higgsino decaying to
LSP+H(bb)
0 The likelihood is built and analyzed with the CMS likelihood builder

Question: how well can one reproduce these results from the
information published in HEPData?

Simplified Likelihood approaches
Results, comparisons
Application to alternate models

[1]: JHEP 05 (2022) 014



http://dx.doi.org/10.1007/JHEP05(2022)014

CMS-SUS-20-004: pp — X3xs — H(bb)H(bb)X}{ X}

= Resolved (4 b jets) & boosted (2 fat bb jets) signatures
= Data-driven background prediction, “ABCD" 0
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A Predicted Nokg in A= Ng (Nc / Np)
0 All N's are event counts (some small), so Poisson distributed ?
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Full profile likelihood vs u
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a Dblue triangles: significance, 95% CLs limit
e u<1@ 95% CLs = this (300, 1) point is (barely) excluded

a purple triangle: expected limit
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From HEPData

Bin | ARmax Ny  pRiss [GeV] K NEeee Nit | Nghs
1 150-200  1.094+0.04+£0.02 | 1617} | 149.7752] 138
2 , 200-300  0.92:+0.04+0.02 904157 | 915782 | 91
3 300400  0.94+0.0940.01 | 11.5737 | 12.87%5 14
o 4 15, >400 098191, £0.02 | 28733 | 28713 3
5 5 150-200  1.134+0.09 £0.08 | 53.5758 | 54.1128 54
A , 200-300  0.96+0.07+0.07 283738 | 332735 | 38
c 7 300-400  0.891016+£0.05 | 26717 | 3217 4
% 8 >400 0921927 +007 | 26724 | 12708 | 0
T 9 150-200  1.0573124+0.12 | 51715 | 59%]3 8
() +0.14 +0.79 +0.73
= 10 5 200300 10470134011 | 2177580 | 231705 2
o 1 300-400  0.721933+£0.08 | 0.06%03: | 0.727033 4
% 2, >400 1.2419€7 4 0.10 | 0.89742 | 0.52+0 0
Z 13 150-200  1.267020+023 | 268709 | 2584085 1
0.22 0.62 0.65
14 ,  200-300 1217534022 126405 | 162705 3
15 300-400 2357085 +0.34 | 0427050 | 11670 1
16 >400 0.947932 £0.13 | 0.677 530 | 0.787075 1
. i d d i
Bin |[Nu pP™[GeVl| N&  formss | N&© | NE | Ng¥
o 17 300-500 0.789+£0.030 | 33.67¢; | 370773 | 42
‘» 18 1  500-700 42.6+42 0.172+0.028 | 73720 | 72713 6
O 19 >700 0.039 +£0.014 |1.657% | 1.50757 1
D . .
20 300-500 0.789+£0.030 | 4.077 | 4.0713 4
8 21 2 500-700  5141.0 0.172+0.028 [0.88740 | 0.74+327 0
m 22 >700 0.039 +£0.014 |0.201943 | 0.1475.33 0

covariance
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https://www.hepdata.net/record/ins2009652

Compare simplified (SL) with full likelihood

CMS sSupplementary 137 b (13 TeV)
= " —+— Observed pp— X3 %3 — HHXS X
= | = Expected m(X;) = m(X;) = 300 GeV
= 8 [ —e— Simpl L, symm m(x}) =1 GeV
o\ F Simpl L, asymm
61
s
\ ) 95% CLs
2 u
0l
i | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0) 0.5 1 1.5 2 2.5 3
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m S| treats Nobs as Poisson, NPkg as (asymmetric) Gaussian
0 Asymmetry term computed from bifurcated Gaussian bkg pdf.
0 Doesn't fully account for Poisson fluctuations of low-stats CR yields

= |ncluding the asymmetry improves the agreement.



Alternate SL: bkg uncertainties as log-normal

0 Here implemented with the CMS likelihood builder.
0 Published bkg central values, uncertainties as asymmetric log-normal

nuisances.

0 Multiply by correlation matrix for bin-bin correlations.
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O Accurately fits the minimum and significance.

Signal strength, u

e Again, doesn't fully account for Poisson fluctuations of low-stats CR yields.



More sample scan points
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Thoughts on application to other models

The b quark content would have to be the same, else sorting of
the model into 3b, 4b, or 1bb, 2bb bins would be impossible

0 = (8 topology/kinematical bins for resolved + 3 for boosted)
* 2 flavor bins
From generator level information, sort the model events into
0 resolved/boosted, with cuts on AR between the H daughter quarks

a meiSS, ARmax binS

The bin efficiency is normalized to total cross section o0 of the

reference model, so for a trial model m, need to scale the
prediction by om _ o o™

Ll
Then the predicted signal yield for topology/kinematical bin |
and flavor bin | of model m is

N = Si"e; ;B> (H — bb)o™L,  iC1—11, jC1—2




Summary

CMS search papers are typically accompanied by
digitized results, with supplementary data, in a HEPData
record.

Here we exercised the use of HEPData tables from one
of these searches to reproduce the results by
approximate methods.

The results agree reasonably well.

We’'ve sketched the steps to test other phenomenological
models.
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Additional material
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Full likelihood

= Built from
0O Poisson pdfs for Nobs; in all A, B, C, D regions

QO Constraints Nbka =A=x B C /D

0 Correction « (~1) from MC with Gaussian uncertainty pdfs
0 Log-normal pdfs for other nuisances (calibration corrections)

= The expected yields Nexp; in all ABCD regions are given by
0 Nexp; = Nbkg; + 1 Nsig; where u is the signal strength

e Accounts for signal contamination in control regions

= The criterion for 95% CL is that CLs = CLs+ / CLp = 0.05

0 Clssb=1-®(V Qﬁ), where cjuis the profile likelinood test statistic:
L(data|p,8,)
L(datalj, 0)

, 0o
. and & is the normal cumulative

g = —2In

density function.
0 CL, measured with the Asimov data set (N°bs set to Nexpected)
d Details in CMS-NOTE-2011/005 (ATLAS/CMS)
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http://cds.cern.ch/record/1379837/files/NOTE2011_005.pdf?version=1

Simplified Likelihood Framework (SL)

= The predicted yield in biniis
szred _ szkg Iy Nisig7
NP¥8 = a; 4 b;6; +
Q a;is the central value of the bkg prediction
0 6iis a nuisance parameter drawn from a unit Gaussian

0 b is the effective sigma of the bkg uncertainty, Vi in the limit
of symmetric uncertainties

0| ci gives the asymmetry of the bkg uncertainty |
= The simplified likelihood is

Ls (11, 0) o< | [ Pois(NPP*[NF™ (11, 0)) exp (167 p~" )

0 where p — correlation matrix for symmetric uncertainties

0 A. Buckley et al., CMS Note-2017/001
A. Buckley et al., JHEP 2019, 64 (2019)

gitLab
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https://arxiv.org/abs/1809.05548
https://link.springer.com/article/10.1007/JHEP04(2019)064
https://gitlab.cern.ch/SimplifiedLikelihood/SLtools

SL: asymmetric bkg uncertainties

= The covariance matrix gives second moments, i.e., sigmaz,
on the diagonal, and correlations, on off-diagonal elements

= To incorporate asymmetric uncertainties, SL uses the

diagonal elements of the 31 moment ms of the background
nuisances.

m For CMS-SUS-20-004, we compute m3 from a bifurcated
Gaussian using the asymmetric uncertainties o1 2:
0 + o0
ms = - [01/ 3G(x;0,01)dx + 02/ 3G (x;0,09)dx
— 00 0

01+ 02
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Chisquare method
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= | imitations
a All errors Gaussian
a Any tension between predicted bkg and observation is

underestimated by artificial uncertainty on the observed yield.

 E.g., the bin 11 contribution before squaring is (very nearly) (4 - 0)/
V4, which is 2 sigma, vs the detailed study giving 3.3 sigma
local significance.



