Theoretical Uncertainties---PDF+Alpha$S

 Nominal PDF set is 90400(PDF4LHC)
 PDF uncertainties(PDF4LHC, 30items, Hessian symmetric) set: 90401-90430
* AlphaS up/down uncertainties(PDF4LHC)set: 90431/90432

s the given cross section(=expected yield). [H R AN KL

https:/ /arxiv.ore/pdf/1510.03865.pdf 90400 alternative weights(PDF4LHC15_nlo_30_pdfas): alphas(M,)=0.118 central value
ag Uncertainties: 90401-90430 PDF4LHC15 nlo_30_pdfas => PDF symmetric eigenvectors
downy __ up
pasg < Z(@™) — (e 90431 alphas(M,)=0.1165
2
90432 alphas(M,)=0.1195
PDF Uncertainties:
" ME provider
§PIFg = Z (0 — 5(0))2 MEorder | LOINLO
& Baseline NNPDF23_Io_as_0130_ged (247000) | NNPDF30_nlo_as_0118 (260000) | NNPDF30_nnlo_as_0118 (261000)

NNPDF30_nlo_as_0118_mc (260800) § NNPDF30_nnlo_as_0118_hessian (303200)

Alternative baseline [}t PDF4LHC15 _nlo_30 pdfas (90400) JPDF4LHC15 nnlo_30 pdfas (91400)
iir,. variations NNPDF23 lo_as_0119_ged (246800) § NNPDF30_nlo_as_0119 (266000) NNPDF30_nnlo_as_0119 (270000)

PDF + ag Uncertainties:

NNPDF30_nlo_as_0117 (265000) || NNPDF30_nnlo_as_0117 (269000)

§%HTPDE 5 —  [(§PPFg)2 4 (§%s0)2 -
Alternative PDFs CT14llo (13205) CT14nlo (13100) CT14nnlo (13000)
MMHT20141065cl (25000) MMHT2014nlo68clas118 (25200) MMHT2014nnlo68cl (25300)
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https://arxiv.org/pdf/1510.03865.pdf

Theoretical Uncertainties---QCD

« Take the envelope of the scale variations as prescribed in the PMG recommendations. PMG Twiki

* Considered diagonal variations of the renormalization(u;-) and the factorization scale (uy):
{ur,yf} x {0.5,0.5},{1,0.5},{0.5,1},{1,1},{2,1},{1,2}, {2,2}

*  How to apply: (choose the max variation with sign)

max|O(pr;, fri) — Ol R0, LEo)]
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/PmgSystematicUncertaintyRecipes#QCD_scale_uncertainties

Theoretical Uncertainties——AOD/DAOD weight metadata

AOD:
T
MetaData/StreamAOD/m_eventTypes/m_mc_event_weights EventStreaminfo_p3
CollectionTree/McEventinfo/m_event_type/m_mc_event_weights PileUpEventinfo_p5
CollectionTree/TruthEventsAux/weights/values XAOD::TruthEventAuxContainer_v1
CollectionTree/EventinfoAuxDyn.mcEventWeights vector<float>
MetaData/ Generation_Parameters IOVMetaDataContainer_pl
MetaData/TruthMetaDataAux.weightNames vector<vector<string> >
DAQOD:
loation ___ _ ltpe
MetaData/StreamDAOD_HIGG1D1/m_eventTypes/m_mc_event_weights EventStreaminfo_p3
CollectionTree/McEventinfo/m_event_type/m_mc_event_weights PileUpEventinfo_p5
CollectionTree/EventinfoAuxDyn.mcEventWeights vector<float>
MetaData/ Generation_Parameters IOVMetaDataContainer_p1l

MetaData/TruthMetaDataAux.weightNames vector<vector<string> >



Theoretical Uncertainties——DAOD weight metadata

location __________________________ltpee

MetaData/StreamDAOD_HIGG1D1/m_eventTypes/m_mc_event_weights EventStreaminfo_p3
CollectionTree/McEventinfo/m_event_type/m_mc_event_weights PileUpEventinfo_p5
CollectionTree/EventinfoAuxDyn.mcEventWeights vector<float>
MetaData/ Generation_Parameters IOVMetaDataContainer_p1l

MetaData/TruthMetaDataAux.weightNames vector<vector<string> >

* EventStreamInfo only contains weights of one example event.

* All weights stored twice in CollectionTree.

, , For example
*  Weight names only stored in Metadata tree. >

Of course, different DAOD samples will store different weights (the order and types
of weight_names will change, maybe depend on derivation?)
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renscﬁact:ﬂ.
renscfact=2.
renscfact=0.
renscfact=1.
renscfact=1.
renscfact=2.

@ oo u;ma.un

Default

facscfact=1.
facscfact=1.
facscfact=0.
facscfact=0.
facscfact=2.
facscfact=2.0
lhapdf=2600800
lhapdf=266800
lhapdf=2650880
lhapdf=13160
lhapdf=25200
lhapdf=908460
lhapdf=90401
lhapdf=90402
lhapdf=90403
lhapdf=90404
lhapdf=90405
lhapdf=90406
lhapdf=90467
lhapdf=90468
lhapdf=98409
lhapdf=984106
lhapdf=90411
lhapdf=90412
lhapdf=90413
lhapdf=90414
lhapdf=90415
lhapdf=90416
lhapdf=90417
lhapdf=90418
lhapdf=98419
lhapdf=90420
lhapdf=90421
lhapdf=90422
lhapdf=90423
lhapdf=90424
lhapdf=908425
lhapdf=90426
lhapdf=90427
lhapdf=908428
lhapdf=90429
lhapdf=90430
lhapdf=90431
lhapdf=90432
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Theoretical Uncertainties——calculate

« QCD: max|O( g, pri) — O pro, fro)]

PDF Uncertainties: ag Uncertainties: PDF + ag Uncertainties:
Nimean §%g = O-(agown) - O'(Of;lp)
§PdF g = Z (0®) — ()2 2 §%HPPF g = \/(8PPFg)2 + (8%0)>

k=1

*  Evaluation of the theoretical systematics uncertainties on the efficiency: (= normalize variated and nominal weight.)

R Esyst = 1 — Evariated
€nominal
: variated : nominal
. Where & _ SumWeights griorcyts c _ SumWeights sriorcyts
variated ™ : variated ’ cnominal™ : nominal
SumWelghtsBeforecuts SumWeLghtsBeforecutS

*  After_cuts means pass select cut (select different channels).

*  Before_cuts means only use the basic cut in HgamCore. (MxAQOD selection, exactly 2 photons)

2022/11/7 Qiyu Sha shaqiyu@ihep.ac.cn




Theoretical Uncertainties——results

- Parton shower(%) |  PDF(%) PDF+a, (%)

1l + jets +2.51 3.87 0.93 4.29
1tp4q + jets -1.18 3.93 0.95 4.36
2(L + th44) -2.85 3.94 0.93 4.36

* Question for QCD: PMG Twiki

We need to take envelope of variations, but how to do that?
(Now we have the different QCD_weight with {u,, us} x {0.5,0.5},{1,0.5}, {0.5,1}, {1,1}, {2,1}, {1,2}, {2,2}.)
If we just calculate the max[O(ug;, pri) — O((pros 1ro)]

The yield variation ~13%.
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/PmgSystematicUncertaintyRecipes#QCD_scale_uncertainties

Theoretical Uncertainties——For SH signal/Single Higgs
* Can’t find weight name in SH signal samples, both in AOD/DAOD

* In Single Higgs: (180 weight names in ggH) ' PDF set = 90460 ' 111
' PDF set = 90401 ' 112
" PDF set = 984082 ' 113
" PDF set = 90463 ' 114
' PDF set = 90404 ' 115
" PDF set = 90465 ' 116
" PDF set = 90406 ' 117
" PDF set = 90487 ' 118
" PDF set = 90468 ' 119
' PDF set = 90409 ' 120
" PDF set = 98410 ' 121
" PDF set = 90411 ' 122
" PDF set = 98412 ' 123
" PDF set = 90413 ' 124
" PDF set = 90414 ' 125
" PDF set = 98415 ' 126
" PDF set = 90416 ' 127
" PDF set = 90417 ' 128
" PDF set = 98418 ' 129
" PDF set = 90419 ' 130
' PDF set = 908420 ' 131
" PDF set = 90421 ' 132
" PDF set = 90422 ' 133
" PDF set = 98423 ' 134
" PDF set = 90424 ' 135
' PDF set = 908425 ' 136
" PDF set = 98426 ' 137
" PDF set = 90427 ' 138
' PDF set = 90428 ' 139
" PDF set = 90429 ' 140
" PDF set = 90430 ' 141
" PDF set = 98431 ' 142
" PDF set = 90432 ' 143
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