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l) Introduction

Today : The LHC has discovered a resonance of ~ 125.5 GeV

m) |l /s probably the B.E.Higgs boson => EWSB mechanism

+ Tevatron and LHC provide 60 measurements of the Higgs rates
= new precious source of indirect information on BSM physics

mp nature of the EWSB : within the SM or a BSM context !?
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The first test to do is to fit,
NV (pp — H — X X)

Hxxexp = S X0,(H) BR(H — XX)[sm X £

with,
S .€er0;(H) BR(H = XX)

pocxclin = S eXoy(H) BR(H — XX)|sm

N

Ly, = cw guww HW, W™+ ¢z guzy H Z,Z™

3/16

— ¢y Htptp — c. y. Hepcr — ¢y yp Hbibp — ¢, y- HT.tr + h.c.

‘\\ :Cf/'/' All c=1in the SM.
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Il) Why is the THEORETICAL error crucial in fits ?

* The SM is in good agreement with the present data on Higgs signal
Strengths, but it’s not the end of the story...

These tests of the SM will become more and more powerful as the
EXPERIMENTAL errors on the Higgs rates (l,,) will decrease.

Then the THEORETICAL errors on the Higgs rates can become dominant.

* The QCD uncertainty (P.D.F., a/?, scale dependence) on the inclusive
Higgs production cross section reaches ~10%  [LHCHWG]

The typical deviations expected in SUSY or composite Higgs models
are about ~1 -20%  [R.S.Gupta, H.Rzehak, J.D.Wells, 2006]



5/16

Illl) The present TREATMENT of th. error in fits

In most experimental and theoretical papers on Higgs rate fits...

TH uncertainty added in quadrature with EXP one in the Likelihood as,

iesiev) ) = T pa

/

e — pdf( 'uéxp ) \/(Aéxp)z + (A‘ih)2

VY .

i y lLi
:uexp
=) this reflects a decorrelation : correct
ms) it means that the TH pdfis the same as the EXP one :

a FLAT probability distribution can be better motivated by QCD
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IV) MARGINALISATION of the th. uncertainty

0 is a nuisance parameter :

Use the rigorous Bayesian approach... . | .
Poxp( 1+6 x Ay ) with § € [—1,1]

L = / do pdf< . | 2(cricv), 0 ) X w(G)NNNE ¢\
\ e
§ FLAT prior
:uéxp i — 5

(first assuming TH errors purely correlated via a unique 0 , for simplicity)
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The « corresponding » Frequentist approach = Profile Likelihood :

/ \ still FLAT distribution
-/ N ul /

wics, ev) 5) < 7(6)

[ pesp(1+ 0 AYy) — pi(eprov) [P
(Abxp )?

exp

\ J

'

X

— 2 Log[r(9)]

« Preferred error » : §lopt = —1
i.e. Higgs fit used to determine
the QCD uncertainty !

AX = )22 u X?mn(& Cry CV|OPt) -
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V) The th. uncertainty as a BIAS

Consider the two extreme values of ¢ to illustrate the QCD error effect on fits :

(no preferred 0 value from the Higgs fit)
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is from PDF+ar 2 => O

ggF,

7+8 TeV LHC
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Cornelusion

The determination of the Higgs couplings - through the signal strength
fit - depends significantly on the statistical treatment adopted for the
theoretical uncertainties (QCD errors on 0,’s & B,’s).



