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Theoretical Uncertainties---PDF+AlphaS

• Nominal PDF set is 90400(PDF4LHC)

• PDF uncertainties(PDF4LHC, 30items, Hessian symmetric) set:  90401-90430 

• AlphaS up/down uncertainties(PDF4LHC)set: 90431/90432

• 𝜎 is the given cross section(=expected yield).

𝜶𝑺 Uncertainties:

𝛿𝛼𝑠𝜎 =
𝜎 𝛼𝑠

𝑑𝑜𝑤𝑛 − 𝜎 𝛼𝑠
𝑢𝑝

2

https://arxiv.org/pdf/1510.03865.pdf

𝑷𝑫𝑭 Uncertainties:

𝛿pd𝐹𝜎 = 

𝑘=1

𝑁𝑚𝑒𝑎𝑛

𝜎(𝑘) − 𝜎(0) 2

𝑷𝑫𝑭 + 𝜶𝑺 Uncertainties:

𝛿𝛼𝑠+𝑃𝐷𝐹𝜎 = 𝛿𝑃𝐷𝐹𝜎 2 + 𝛿𝛼𝑠𝜎 2

PDF set definition

90400 alternative weights(PDF4LHC15_nlo_30_pdfas):  alphas(𝑀𝑧)=0.118 central value

90401-90430 PDF4LHC15_nlo_30_pdfas  => PDF symmetric eigenvectors

90431 alphas(𝑀𝑧)=0.1165 

90432 alphas(𝑀𝑧)=0.1195 

https://arxiv.org/pdf/1510.03865.pdf
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Theoretical Uncertainties---QCD

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

• Considered diagonal variations of the renormalization(𝜇𝑟) and the factorization scale (𝜇𝑓):

𝜇𝑟 , 𝜇𝑓 × {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)

PMG Twiki

https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/PmgSystematicUncertaintyRecipes#QCD_scale_uncertainties
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Theoretical Uncertainties——AOD/DAOD weight metadata
AOD:

location type

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_p1

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

DAOD:

location type

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_p1

MetaData/TruthMetaDataAux.weightNames vector<vector<string> >
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Theoretical Uncertainties——DAOD weight metadata

location type

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_p1

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

• EventStreamInfo only contains weights of one example event.

• All weights stored twice in CollectionTree.

• Weight names only stored in Metadata tree.
For example

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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Theoretical Uncertainties——calculate

• QCD:

𝑷𝑫𝑭 Uncertainties:

𝛿pd𝐹𝜎 = 

𝑘=1

𝑁𝑚𝑒𝑎𝑛

𝜎(𝑘) − 𝜎(0) 2

𝜶𝑺 Uncertainties:

𝛿𝛼𝑠𝜎 =
𝜎 𝛼𝑠

𝑑𝑜𝑤𝑛 − 𝜎 𝛼𝑠
𝑢𝑝

2

𝑷𝑫𝑭 + 𝜶𝑺 Uncertainties:

𝛿𝛼𝑠+𝑃𝐷𝐹𝜎 = 𝛿𝑃𝐷𝐹𝜎 2 + 𝛿𝛼𝑠𝜎 2

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

• 𝜀𝑠𝑦𝑠𝑡 = 1 −
𝜀𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑑

𝜀𝑛𝑜𝑚𝑖𝑛𝑎𝑙

• Where 𝜀𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑑= 
𝑆𝑢𝑚𝑊𝑒𝑖ght𝑠𝐴𝑓𝑡𝑒𝑟𝑐𝑢𝑡𝑠

𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑑

𝑆𝑢𝑚𝑊𝑒𝑖ght𝑠𝐵𝑒𝑓𝑜𝑟𝑒𝑐𝑢𝑡𝑠
𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑑 , 𝜀𝑛𝑜𝑚𝑖𝑛𝑎𝑙=

𝑆𝑢𝑚𝑊𝑒𝑖ght𝑠𝐴𝑓𝑡𝑒𝑟𝑐𝑢𝑡𝑠
𝑛𝑜𝑚𝑖𝑛𝑎𝑙

𝑆𝑢𝑚𝑊𝑒𝑖ght𝑠𝐵𝑒𝑓𝑜𝑟𝑒𝑐𝑢𝑡𝑠
𝑛𝑜𝑚𝑖𝑛𝑎𝑙

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

• Before_cuts means only use the basic cut in HgamCore. (MxAOD selection, exactly 2 photons)
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Theoretical Uncertainties——results

Parton shower(%) PDF(%) 𝜶𝒔(%) PDF+𝜶𝒔(%)

1𝑙 + 𝑗𝑒𝑡𝑠 +2.51 3.87 0.93 4.29

1𝜏ℎ𝑎𝑑 + 𝑗𝑒𝑡𝑠 -1.18 3.93 0.95 4.36

2(𝑙 + 𝜏ℎ𝑎𝑑) -2.85 3.94 0.93 4.36

• Question for QCD: 

We need to take envelope of variations, but how to do that?

(Now we have the different QCD_weight with 𝜇𝑟 , 𝜇𝑓 × {0.5,0.5}, {1,0.5}, {0.5,1}, {1,1}, {2,1}, {1,2}, {2,2}.）

If we just calculate the

The yield variation ~13%.

PMG Twiki

https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/PmgSystematicUncertaintyRecipes#QCD_scale_uncertainties
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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)


