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Issues UITe

Problems and issues specibc to the unfolding method in the Higgs measurements:!
!
| Signal Extraction
" Large background to the analysis (e.g. in H! I [ the ! continuum)!
" Mass is being probled !
" A parametric bt is necessary!
!
" Categorization !
" enhancement of the signal in di#erent categories!
" simultaneous bt across categories!
" correct dealing with statistical uncertainties from the combination in the unfolding!
!
| Why unfolding
" undo detector e#ects!
" quoting Pducial and di#erential cross sections!
" correctly model statistical migrations
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Literature UITe

In literature there are di#erent methods to perform unfolding. !
The most W|despread are based on a ! 2 minimization!

AX —
e |

Regularization:

" artibcially changes the OConpbdence IntervalsO!

" Tikhonov (SVD):! i
' Penalization term in the minimization procedure ! !r!%= !

' Iterative dOAgostini (Bayes):! "

(X1 po(x7)
ZlEtruth p(xjj\l |'xlT)p0 (xlT)

!P(xiT‘xzjw) =
|
" dOAgostini regularization is given in terms of n. of iterations !
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Proposed method Illll-

"H I and H! ZZ di#erential and bducial cross-section measurement (coming out soon)!
" similar to the coupling strength extraction$

Signal extraction and category combination is performed simultaneously !

" Each generator bin has its corresponding$ 4 A
detector shape (parametric)! Cat0 + Cati +
" A simultaneous bt across all categories $ "+++ - gf(‘;a r gi;a
and a” b”’]s |S performed' +m* ] B!nO (diagonal) ++*+++ ] BinO (off-diagonal)
" . N [ Bint (oﬁ—diagonal) . [ Bint (diagonal)
Relative strength are extracted! *+++*+ 13 Mo/ \++ 1t Ho/Hy
" The cross-section is normalized back$ ) iﬂ*
& *++$ == > 1& m- = >

Likelihood function
" contains the OparametricO response matrix$
as a collection of shapes a
F =" 2logL (Auly)

e —

fit simultaneously in catO/cat1 to get the
Bin strength modifiers p=(po, 1)

parametric $ A(my, 0) =
response matrix ’
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importance of Unfolding Ui

" Bin-by-Bin is a biased estimation (smaller uncertainties).!
!
| Out-of-acceptance:
" A out-of-acceptance shape should be subtracted from $
the Pducial results$

$

" Bin Migration can be important:!
" change the best bt values!
change the conbdence intervals!!

pT di#erences In the statistical uncertainties are small (up to few percent) !
" Niets ditterences in the statistical uncertainties can be big (up to 30%) !

" jet resolution induces important migrations!
" data can pull the best-bt values in the di#erent bins
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Conclusions UITe

" We show how to unfold distributions in the Higgs framework!
" Unfolding is important to set-up theory comparisons!
" E and to give legacy in the presented results.

Bibliography

" COWAN, G. A survey of unfolding methods for particle physics. !
" DOAGOSTINI, GA multidimensional unfolding method based on Bayes® theorem. !
" HOCKER, A., AND KARTVELISHVILI, VVSVD approach to data unfolding. !

Andrea Carlo Marini 24 Jun 208 6



Backup

Massachusetts Institute of Technology

LHCSW



Adding regularization

" Adding Tickhonov regularization to the likelihood!

|
A certain number of choices (L, delta) E !

" itOs not trivial to keep under control these parameters with the current statistics.!

The goal of the regularization is to give a not distorted spectrum!

| F = —2log Z(A[i]y) + 8[| LA

" use the additional fact that distributions are continuous
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Why not literature methods? Ui

" Categories (SVD):!
" SVD can be extended with categories $

$ __— ‘

$ Vreg = 0 B — (ATz—lA) ATy
$ Areg — \/SL Xr =By

$ AYreg = 1 Y = BIBT

$

but signal extraction must be performed before. !
" Bayes:!
" cannot use the Obuilt-inO categories due to the very non-poissonian errors $
of the mgg continuum:!
" Each category should be unfolded separately and results re-combined later!
!
Signal Extraction:
" These methods wants that signal extraction is performed before!
" Systematics and nuisances (eg, mu) will be just approximations!
" Covariance matrix approximation for low yields
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Unfolding 1

" Undo detector e#ects!
" based on linearity assumption!
" Description of smearing through a matrix

. [ Lost
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Truth: distribution

Truth distribution

Reco distribution
O
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Matrix

Truth: distribution

Xy = RYx7. + b’
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Unfolding 1 M

" Undo detector e#ects!
" based on linearity assumption!
" Description of smearing through a matrix B Smeared

[ Lost Matnix: background:
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Regularization & Unfolding I'Iil-

" What is regularization doing ? !
" Penalize high RBuctuating solutions! —
CUnt 7

" bias in the Ominimum searchO! B s
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