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Talk Content

* Introduction of the Universal Fake Factor (UFF) method

* Treatment of UFF systematic uncertainties

* Validation in topical physics regions




Motivation for Fake Tau background estimation

Hadronic taus Tpaq appear in many key physics processes: arXiv:2305.12938
* They are crucial for both searches and precision measurements

* e.g., Higgsanalyses (H —> tt, HH —> bbtt), Standard Model 102
measurements, new physics searches (SUSY, leptoquarks,...) 10
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* Neutrinos are no detected - only hadrons can be )
reconstructed as visible decay products *
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A major challenge:

* jet misreconstructed as 7-lepton - dominant background e

* Fake background not reliably modelled by MC, data driven M [GEV]
estimation methods are preferred

Data / SM
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Fake Tpaq Suppression with RNN-based Tau
|dentification Algorithm ATLPHYS-PUB 202700
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* |t combines tracking and calorimeter data for

better signal-background separation. 10°

* The ID is highly optimized to suppress fake Thaq

. . 102
while keeping real Ty, ,4- ]

* Despite these excellent identification capabilities,
some fake Tp,q4 inevitably pass the selection
criteria
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Universal Fake Factor
method in a nutshell
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Universal Fake Factor Method

* FFs depend on the fake Ty,q Origin UFF method
 Light-quark-initiated jets (g)

* Gluon-initiated jets (g) * deZermini;the ftr-a|CDti§;S Wy of fake types (q,
* b-quark-initiated jets (b) g, b, p)in the anti-
« Pile-up jets (p) * using pure g/g/b/p-initiated fake taus
: . . regions
* need to find a CR with the same composition of g- <R
/g-/b-/p-jets originating fake Tp,4 as the SR * Npassip = Ng * FFy + Ng * FFy + Nj, *

FF, + Np * FFp = foali?lID * FEcomb

* FFoomb = Hq * FFg+ pg* FFy + pp *
FFy + up x FE,

* impossible to find regions containing only
one type of fake

QUARK JET GLUON JET



arXiv:2502.04156v1

ATLAS Simulation — g
1_2_\/—=13TeV b I g

Universal Fake Factor Method

Experimentally:
» Use fake-enriched regions to estimate q/g/b/p components
for the UFF method
» Z(uw) region enriched in g-jet fake Thaq
* MIJ hJVT region enriched in g-jet fake Tpaq

* Jets consistent with tracks pointing to the primary vertex
— high JVT score O Z(up) tt MJhJVT MIWVT W)  u3j

* MIJ VT region enriched in pile-up fake Thaq

Fraction of antilD Thag.vis candidates

* Jets from pile-up vertices (extra collisions) - low JVT 2500 ATLAS e SR ]
score - VS =13 TeV, 140 fb~! . M UVT
2000 [~ W(uv), 1p, (85, 100) GeV tf -

* tt regions enriched in b-quark jet fake Tpaqg

UFF FF = FFeomp = FFzu) * Bzuw) T FFmy nvr * UMy njvr
+FFyyvr * Uy vt + FFeg * Ut

1500 |

e Post-fit MJ hJVT ;
B Z(pp)
I Real

1000 | Unc. -

500 f

AntilD Thag-vis candidates / 0.05

* The fractions u, are derived from a fit of anti-ID templates T L A RN L
(data) to the anti-ID user spectrum (data)

Ratio
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Universal Fake Factor method
systematic uncertainties
estimate and validation
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Systematic uncertainty estimate

 UFF assumes g/g/b/p fake factors are

o
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= N L L
independent from the production process g | ATLAS Simuiation H3j — Zlu)
T 0-6_—f=k13;TeV t — W) -

e Tested using MC simulation comparing the % b MJ hoV T Env.
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FFsfor q/g/b/p fake ty,q in different
regions
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Validation in W (uv) and u3j regions

T T T T T T L

ATLAS Simulation . p g W(MV) reglon

1.2p VS =13TeV b mmq- e exactly one muon

* exactly one hadronic tau
* same sign events

* enriched in g-fake T4q associated
with W-production

. ,113 J region
 selection same as for W(uv)
e atleastthree jets
Zu)  F MIhIVT MIWVT W)  p3j  at least one of them must be b-tagged

 enriched in tt semileptonic events,
containing g-fake Tp,4 from the decay
of W bosons

Fraction of antilD Thag-vis candidates
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Validation in W (uv) and u3j regions
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* Possible to determine the FFs directly — * Comparison of predicted fake background
reference FFs spectra with data
* As the ratio of the ID to anti ID event yield * Prediction agrees with data within

uncertainty bands in both validation regions

e UFF FFs agree with reference FFs within
uncertainties in both validation regions
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Significance

Validation and usage of the method

in published ATLAS analyses

e Search for dark matter

produced in association with a

Higgs boson decaying to tau
leptons

* arXiv:2305.12938
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* High-mass pp — TT cross-

section measurement
e arXiv:2503.19836
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» Search for charged Higgs
bosons decaying via Hf —
77V, in the T+jets
and t+lepton final states

* arXiv:1807.07915
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Conclusion

* Presented a new technique to determine FFs
 The UFF method can evaluate FFs for any signal region

« Systematic uncertainty is estimated by comparing FFs for g/g/b/p fakes in
different regions
e Using MC samples

* Detailedly described validation in W (uv) and u3j regions
* UFF FFs agree with reference FFs within uncertainty
* Fake-background prediction agrees with the data, withing the uncertainties

e Preliminary version of the UFF method used in multiple analyses
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Process ME Generator PS ME FDF set PS UE tune ME order XS order
V +jets QCD SHERPA 2.2.1 NNPDF3.0nNLO Sherpa  NLO/LO  NNLO
V +jets EW SHERPA 2.2.1 NNPDF3.0nNLO Sherpa LO LO

tt PowneG Boxv2 PyTtHia 8.230 NNPDF3.0nLo NNPDF2.3L0 Al4 NLO NNLO
Single top PowHeG Boxv2 PytHia 8.230 NNPDF3.0nLo NNPDF2.3L0 Al4 NLO NLO
1tV MGS5 v2.3.3 PyTHiA 8.210 NNPDF3.0nLo NNPDF2.3L0 Al4 NLO NLO
4% SHERPA 2.2.1,2.2.2 NNPDF3.0nNNLO Sherpa NLO/LO NNLO
Dijet PyTH1A 8.230 NNPDF2.3Lo NNPDF2.3L0 Al4 LO LO
V+jets QCD PownHecBoxvl PytHIA 8.186 CT10NLO CTEQ6L1 AZNLO NLO NLO
Dijet PownHeEGc Boxv2 PyTtHiA 8.245 CT18n~NLO NNPDF2.3L0 Al4 NLO NLO

* List of MC generators, their settings, and the as-order of the cross-section (XS) calculation




~— 1 I I 1 I 1 I I I I I I 1 1 I I I 1 1 I I 1 1 I I I 1 1 I I 1 1 I 1 I 1 1 I I
o I ATLAS |
>

0.4 1 VS =13 TeV, 140 b1 —
wn L]
% I , . 1p, (85, 100) GeV ]
S : == = Z(uy)
G 0.3F , | T | MJ hJVT -
° 1 , : : == MJ VT ]
2 . i | F ]
o e ]
202f | : ! .
E 5 rr— - ' ! i
= I ! : : ]
c i . ! . A
S o1l | T .
S ! | :
9O . -
s | I_E_.._..I _
I 0.0 _I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i.—-—I-JI-.—-l—-‘I-‘—I

-05 -04 -03 -02 -0.1 0.0 0.1 0.2 0.3
g/g tagger score

* Templates of the g/g tagger score distributions
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» Results of the template fit
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» Spectra of the g/g tagger score determined for g
fakes in the Z(pp), tt, MJ hJVT, W(pv), and p3j antilD
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* Dependence on p of the Z(uu) (red), MJ hJVT (yellow),
]IC\/IJ IJVT (green) az?\Td tt (viole(t) p)ost-fit normalization
actors
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