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Combining ATLAS and CMS results
what have we learnt from the past
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@ Combining the Higgs boson mass: arXiv:1503.07589
@ Combining the Higgs couplings: arXiv:1606.02266
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https://arxiv.org/abs/1503.07589
https://arxiv.org/abs/1606.02266
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Data Theory

Statistical model

@ We model our problem using profile likelihoods (See Michele’s talk)
£(n,a®lu,a)= [ P(iluSi(e) + Bi(a)) x [] 9(af|ay,dey)
i€bins jESyst
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@ Mass
L(mn, ﬁ;;}:.,m(mm.ﬁ%%m vi(mu), ﬁ“(ﬁm), é(”’TH))

A(P’HH) = =
P 7T Y]
L{thip, fgge oy - e ver fi*', 0)

@ One mass parameter
@ One signal strength per production mode (ggF-+ttH, VBF+VH, 4¢)

@ Couplings
L(kr, kv, 8(kr. kv))

Alkp, ky) = =
L(ig, &y, )

@ Assume all fermion and weak vector boson couplings are described by only two parameters
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Harmonize the inputs
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@ Between the publication of individual results and the combination time passes

@ Updated theoretical cross sections (different central values, smaller uncertainties)
o Updated theoretical modelling (e.g. resummed pr spectrum for gluon-gluon fusion)

@ The longer we wait, the more the updates needed

@ We end up combining not really the published individual measurements
@ Combination paper individual results may differ from the original individual results

ATLAS now uses the Stewart-Tackmann prescription [48] for the jet bin uncertainties in the H — WW
channel instead of the jet-veto-efficiency procedure [49];

CMS now includes the bbH, tH, and ggZH production processes in the signal model for all the
channels in which they are relevant;

CMS now uses the signal cross section calculations from Ref. [32] for all channels;

CMS now adopts a unified prescription for the treatment of the Higgs boson pr in the ggF produc-
tion process, as described in Section 2.2;

The cross sections for the dominant backgrounds were adjusted to the most recent theoretical cal-
culations in the cases where they are estimated from simulation (ZZ background in the H — ZZ
channel and 17Z and #W backgrounds in the #H channels);

Both experiments have adopted the same correlation scheme for some of the signal theoretical
uncertainties: for example, the treatment of the PDF uncertainties in the signal production cross
sections now follows a common scheme for all decay channels, as described in Section 3.3.

The total effect of these modifications is small, both for the expected and observed results. All measure-
ments differ from the individual combined results by less than approximately 10% of the total uncertainty
for CMS and by even less for ATLAS.
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@ Experimental effects mostly uncorrelated (different detectors)

@ Caveat: neglecting some effects (e.g. assuming the same Z boson mass for calibrating the absolute
energy)
@ Usually negligible

@ Theoretical predictions mostly fully correlated (same underlying theory)

@ Itis important to harmonize the treatment of each correlated systematic uncertainty
o Caveat: clarify the meaning of up and down!!!
@ Caveat: use the same constraint p.d.f.s (usually gaussians, not trivial in case of two-point systematic)

@ Luminosity measurements mostly partially correlated
o Due to the imperfect knowledge of the beam currents
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Correlation matrix depends on parameterization
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ATLAS and CMS LHC Run 1
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Figure 27: Correlation matrix obtained from the fit combining the ATLAS and CMS data using the generic para- Figure 29: Comelation matrix obtained from the fit combining the ATLAS and CMS data using the generic para-
meterisation with 23 parameters described in Section 4.1.1. Only 20 parameters are shown because the other three, meterisation vith seven parameters described in Section 4.2

corresponding to the H — ZZ decay channel for the WH. ZH, and 1tH production processes, are not measured with
a meaningful precision.
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Presentation of the results i i
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@ See George’s talk

@ In general, so far provided only best-fists from Maximum Likelihood Estimate, uncertainties,
and correlation matrices

@ The smaller amount of published material, the larger the hit in the approximation for anyone
using these results (theoreticians...)
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Unfolding 40
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@ In general, the most important thing you must know about unfolding is that it is generally a
bad idea to do it
@ Inverse problems not always well defined, regularization bias must be studied, best practices to be
followed
@ Nevertheless, useful for theoreticians, so at some point we will combine fiducial differential
measurements
@ But be careful: in some cases (e.g. unfolding result of a fit) interpretation in unfolded space is
conditional to p.d.f. of other variables)
@ What to use?
o Discussions are ongoing on the methods
@ Likelihood approach? Other methods? A review: arXiv:1607.06910
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https://arxiv.org/pdf/1607.06910.pdf

The computational toll
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@ Many measurements based on the asymptotic approach
@ For many cross-checks and sometimes for the main result we may want to use toys
@ Complexity of the model directly influences the amount of toys needed

@ Can we take 1 week just to perform a single fit?

@ Are GPU the solution?

2 A preliminary test was done with an
Unbinned ML fit either by using a single
CPU and by using an additional GPU

(an nvIDIA Tesla C2070 hosted @ Bari T2).

Events according to a Voigtian model
(convolution is CPU-intensive) are gene-
rated & fitted. The time needed (the ne-
gligible generation time is not included)
is studied as a function of the #events:
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For 10M events RooFit needs 61h+23m & GooFit takes 4m+39s: speed-up ~ 750

Graphics from Cristella’s talk at QCHS XII, https://indico.cern.ch/event/353906/contributions/2219983/

Vischia Combining ATLAS and CMS results June 1st, 2018 10/ 11



fﬁﬂ'?f
Summary LA
n"n“n“ni\ 7 /?x“n“n“n
UNIVERSIDAD DE OVIEDO

Define the models (POls)

Harmonize the inputs and don’t wait too much for combining
Careful in definiting uncertainties, and in correlating them
Towards unfolding combined differential measurements

The computational toll
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THANKS FOR THE ATTENTION!
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