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Motivation
o

Motivation

e Motivation: up to 50 deviation in anomalous magnetic moment
of the muon a,, between experiment and Standard Model (SM)

flavour-aligned two-Higgs-doublet model (2HDM)
4 new Higgs bosons, one of them being the CP-odd A boson

B Myyyr =150 GeV
B Myisr =200 GeV
B Myyyr =250 GeV

e free parameters such as masses and scaling factors (:
= leptons: (| ~ 50
= up-type quarks: {, =~ 0.5

Ba, x 10"

= down-type quarks: (4 =~ 0

deviation explained for large (| & light A @0 e ow

M [GeV]

= this search: ma = 20, 30, ... 110GeV https://arxiv.org/pdf/2104.03691 pelf
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Processes
e0

Signal Process

e production of A via ggF and top quark
loop

e cross-section calculated via ggHiggs -

e decay 100% to 7 pairs A O _Ih

e only leptonic channels because of trigger g
thresholds Tt

= mainly boosted topology

e restriction to electron-muon final state to = A= 717 = e+ p(+ver, v vy)
reject Z — Il events
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https://www.roma1.infn.it/~bonvini/higgs/

Processes
oe

Background Processes

. N 12} x1 T T T T T T T T
o largest background is Z/v* +jets = 77 £ 12 G-nmv e A Y
= F ot Bl B
e fake lepton background(s) W A TAS wekinprogress B A
. [ HMSR, £ =05 223 Uncertainty
= particles reconstructed as prompt 0.8
leptons, but are e.g. misidentified jets 06[
= deficiently modeled by Monte Carlo 04b
= estimated via data-driven matrix 02k
method E
214
e other MC backgrounds e
= 1E
[ Fake u B Fake e+u S 08E ;
-Z/')/* - TT - Fake e 0.6 A S I A AP WA TR AR
K 0 10 20 30 40 50 60 70 80 90 100
O Zy* - eeluu [ Diboson ¥ [GoV]
[ SM Higgs I Top T
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Selection Criteria and Regions
[ JeleleYolo)

Selection Criteria 3 electron-muon triggers
=3
<]
o
30
1E
3
e 1 electron and 1 muon, opposite charge 2%
e Medium ID and Tight isolation
20
e electron:
pr > 7GeV, |n| < 2.47, |n| ¢ (1.37,1.52) ,
muon: e26mu8
pr > 7GeV, | <27 "
e overlap removal prioritizing muons over
electrons over jets 5
% 5 10 15 20 25 30 3
Pt [GeV]
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Selection Criteria and Regions
0@0000

Selection Cuts Defining Regions

Regions

Control Regions

Signal Regions

my < 80 GeV

low-mass SR }

Z—=TT CR

high-mass SR |- +=%5<

Top CR

Fake VR
Validation Region

high missing transverse

momentum Ep"*°
= expecting neutrinos
low transverse mass® m&®*

= diboson & top
suppression

low angular separation®
ARy

= Z — TT suppression

no b-tagged jets

3 it Wp% ok Emio)2 (58 4 gt + Episs)? = top suppression
PaRgy = /(80402 + (Angg)?
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Selection Criteria and Regions
00@000

g g low-mass SR high-mass SR
> e > {08 ETTTTTT e
© 45 [ f5=13TeV, 1401 " -Daa e N "
1055 S e D7 e Edobesn 8 fE-13Te, 1401 " B K
g E . B2y > eelun [Top / oTu
Note_ V013 [ ~ {g# L-inote_vo13
i) 10 TLAS Workin Progress == Ao > ©* —tp o ® ATLAS Work in Progress
S E LMSR, £=05 23 Uncerinty S HM SR, ¢ =05 23 Uncertainy
ool 3 10°
i i
10%

0.
020730 40 50 60 70 80 90 100110 OO 6508080 760 110 150 150
My [GeV] Mywc [GeV]
= mmmc is Higgs mass reconstructed via Missing Mass Calculator, which estimates neutrino energy
with likelihood approach
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Selection Criteria and Regions
000800

Z — 177 CR

Ll

‘(e T T T T T T T
c F_-e-paa @@rakes 5= 13 TeV, 140.1 fb"

o l.opmzr-er E@oiboson 4 7 ¢

> F 27 > eelup  [Top y o

L B SM Higgs Ay, - ¢ intNote_vO013

—4g > 77 —Aw = ATLAS Workin Progress

o separated from SRs by inverted ARy, cut 1.4 = ZoTrCR £05 _;
e validate (main) background modeling 121; :E
e reweight Z — 77 MC in dependence on njets 0.8% %
e used as control region for fit 82; :%

02F 3

mmzZiy -t I Fakes %” 1.4 Do o3
CZy* > eeluu [ Diboson 3 1-21 ] T ———
[ SM Higgs [ Top S 08k - —

0.6

020 40 60 80 100 120 140
My [GeV]
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Selection Criteria and Regions
000000

Fake (Lepton) VR

4

[2] X105 T T T T T T T T T =

5 ghaove Em. g o

1 E intNote_v013 ) Eéq;“;;:ew‘ |E|I‘::’ﬁ o E

e same cuts as Z — 77 CR, except ge - g, = 1 2.5 FAReS pokinProgress Sty i AT 3

e calculation of fake lepton efficiencies for oF E

matrix method 15 E E

e validate fake lepton background modeling 15_ E

05F =

[ Fake u B Fake e+u ° 14 - =
EmZ/y -t Il Fake e B 1 of am

OmZy* — ee/uy [ Diboson | — —

@ SM Higgs 1 Top o 08F ;

701020 30 40 50 60 70 80 90 100

Pz [GeV]

TECHNISCHE
@ UNIVERSITAT
DRESDEN

INSTITUTE OF o F?P
NUCLEAR AND Erforschung
PARTICLE PHYSICS von Universum &]E-I!TﬁNST 9/ 14

und Materie



Selection Criteria and Regions
00000e

Top CR

[2] x10= T T T T T T LI

E E fj{a:ev, 140.1 fo" 0 =;7';5*: I

AT 2.5 E inthote v013 s B

F ATLAS_ Work in Progress aﬁ’&;;;ry — Ay > TT b

e separated from SRs by requiring at least 2 21 TR 4708 =
b-jets i 3

o validate Top background modeling c ]
1= -

e used as control region for fit E ]
0.5 E

mmZzZ/y -t Il Fakes 2 14F e
Zy* - eeluu [ Diboson g 1.21 : :
. g i ,

B SM Higgs 1 Top 8 osk Bt
0.6E I I I i I I L

0 20 40 60 80 100 120 140

Mymc [GeV]
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Systematics
°

Systematics

e experimental systematics on efficiencies,
detector calibration, missing transverse
momentum, pileup reweighting, luminosity

e uncertainties of MC samples
=> cross-section uncertainties

= generator uncertainties for Z — 77, Top,
Diboson, Signal

e uncertainties of fake background modeling

= statistical uncertainty of efficiencies,
parametrizations, composition

e uncertainties of Z — 77 reweighting

Uncertainty [%]

Z — TT generator systematics

L] B B B B

E ATLAS Work in Progress b
40 -

F —— Scale Var — ag Var 1
30% PDF Var —— CKKW Var -
20;—OSF Var Total E
10— 3
-0 B
20E . e

o

20 40 60 80 100 120 140
My [GeV]
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Expected Limits
®0

Expected Cross-section Limits

. . . . . . . ATLAS Work in Progress = Exp. 0(gg—A) x B(A > 7,,,7,,,) limit
e binned likelihood fit of muvaic distribution 10 o1 Tev 1401 o oL e ve 7 Tt Y
Az, T J:z20

for each mass hypothesis
e fit and limit calculation done via TRExFitter

e pruning and smoothing applied

e asymptotic CLs method

e discontinuity at 80 GeV due to transition
from low-mass to high-mass SR

o(gg—A) x B(A—>1:|eprlep) [pb]

20 30 40 50 60 70 80 90 100 110
m, [GeV]
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https://trexfitter-docs.web.cern.ch/trexfitter-docs/

Expected Limits
oe

Expected |(,| Limits

. . . T Ny ork n Progress —ememr Exp. [ | limi

e binned likelihood fit of myvic distribution B E| e oL iﬁp‘,';"l it

for each mass hypothesis | AT E*20 |
o fit and limit calculation done via TRExFitter 0.4~ ! B
e pruning and smoothing applied Osi | ]
e asymptotic CLs method g
e discontinuity at 80 GeV due to transition 0.2 3

from low-mass to high-mass SR 04 1
e signal cross-section uncertainties only F ! :

considered for |(y| limits Qoo s

0 30 40 50 60 70 80 90 100 110

e current |(,| limit at = 0.5 m, [GeV]
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https://trexfitter-docs.web.cern.ch/trexfitter-docs/

Summary
°

Summary
e a, deviation could be resolved by CP-odd Higgs

boson A
e low-mass A — 77 search in e — p channel
e selection criteria finalized
e all systematics evaluated
e fake estimation via matrix method implemented
e expected exclusion limits presented

= analysis almost complete, currently in
unblinding approval process

Outlook:
e unblinding
e aiming for ATLAS publication in summer

Events / GeV

Data/Bkg

T

s =13 TeV, 140.1 b

TLAS Work in Progress
MSR, £ =05

T T
-e-Data
[ B

Uncertainty

. _[stat,

Dsyst. ...

520 3040 50 60 70 80 90 1007
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BACKUP
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Selection Criteria
°

Selection Criteria

SR Top CR Z — 7v7 CR Fake VR
low-mass high-mass
20 to 80 GeV 80 to 110 GeV

Emiss eyt Efpiss > 50 GeV > 30 GeV > 30 GeV — -
Mass cut® mio* < 45GeV < 65GeV < 65GeV < 65GeV < 65GeV
Angular cut? ARy < 0.7 <1.0 <1.0 >1.4 > 1.4
MMC cut myMc > 0GeV > 35GeV & > 0GeV > 0GeV & > 0GeV &

< 130 GeV < 130 GeV < 130 GeV
b-tag Np—_jets 0 0 >1 0 0
Charge cut Ge - qu —1 -1 —1 -1 1

Lkpt = /(o + o+ ERIe)® — (5 +

EES

+Episs)2 2aR = \fa0)2 1 (an)?
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Matrix Method
€000

Matrix method in the low-mass A — 77 search
for 1 electron (1** index) and 1 muon (2" index):

TT

Nxx rety refy  fory fof, NEE
TT - r - r LL

Nix | | refy  refy fefu  fefy Ngp
TT - = = £ £ LL

N& Fety Te @ f_'e ry @ @ Nli%

NE}; Tely  Tefy fefu  fefyu NFF

— inverting matrix gives 3 fake backgrounds:

rf _ T —
Ngg,est = m [—feruN;gl; + femNg + fem[\/)g‘g - fe’uN;(r;} )
b, I Sy o
NFTg,est = m [_refuN)’gI(‘ + rsf;LN)rE}’I(‘ + refuN)’I(‘)VE - ref#N)’gI(‘] )
£, - _or T -
NI:“FFT,cst = m |:+reruN;£;£ - reruN;gg - I‘erHN;E;; + reruN)’E)rE} .

e can be converted to event weights via IFF Fake Bkg Tools
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https://gitlab.cern.ch/atlas/athena/-/tree/21.2/PhysicsAnalysis/AnalysisCommon/FakeBkgTools

Matrix Method
0®00

Calculation of Efficiencies
e Normally: measure assumingly independent efficiency = % of each lepton
= IFF Fake Efficiency Tool

e Here: parametrize probe lepton'’s efficiencies in tagged lepton’s tightness
= leptons no longer assumed to be independent!

e real efficiencies calculated in signal region using MC only
Nx g

NET . .
N M tight e, e tight
RX XR
= re(ﬁ') = N%E o ru(e) = NE];F o
‘2, W not tight &%, e not tight
NEX Nk
o fake efficiencies from same-sign ZVR, using data, subtracting MC with real lepton
g g g p
NB L —NZ% . NE L —NEE .
Moty tight MiREoE, e tight
£ _ Data™ ''RX f ( ) _ Data ™ ''XR
= fe(n) = NIT _NIT - ul€) = NIT _NIT b
ata ata
—oaa U2 4 onot tight —=ata b e not tight
NE e —NEX NS o —NXR
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https://gitlab.cern.ch/ATLAS-IFF/FakeEfficiencyTool

Matrix Method
0000

Calculation of efficiencies

S
(0] £ ]

B 09 —+ =

g 09 — 1

S 0.8 i TLAS Work in Progress

Best agreement with: © 07k 4 tghtreal SR
E E —— tight real, LMSR E

e same combined e-u-triggers as in analysis 3 0-6;;*: —+ nontightreal

) . . ° E —|— tight fake E

e loose ID & loose isolation vs. medium ID & 0'5; nonightfake 3
tight isolation 0.45 E

.. . . . . 0.3 -+ E

e efficiencies binned in pr and tightness of tagged ook T 1
lepton “E ]

P 0.1 E

S N N B ST FEUTE FERNE SRR

10 20 30 40 50 60 70 80 90 100

v

TECHNISCHE
@ UNIVERSITAT
DRESDEN

INSTITUTE OF o f?Ph
NUCLEAR AND rforschung
PARTICLE PHYSICS von Universum &:IE-!T&NST 1 9/ 14

und Materie



Matrix Method
o0ooe

Calculation of efficiencies

[ o R AR MU === e b 7
o — ]
8090 =—" =
T ]
2 0.8+ ATLAS Work in Progress
Best agreement with: 2 07F - tghtreal HiusR 3
. . . . g E —}— tight real, LMSR ]
e same combined e-p-triggers as in analysis g 0.6~ omontar
F o+ tight fake E
e loose ID & loose isolation vs. medium ID & 0'5§ %, noniht fake |
tight isolation 045 = E
.. . . . . 0.3 | E
e efficiencies binned in pr and tightness of tagged 02k E
lepton f i
P 0.1 e
S R N N S N P P SRR e

10 20 30 40 50 60 70 80 90 100
P
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Reweighting
.

Z — 171 Reweighting

calculated weights in ZCR, in njets distribution: systematics:

i (Data—Z#ZTTBkg,) < 50:“\”“\““\““\““ B
weight = Bk = 400 ATLAS Work in Progres E
€27+ € E MC stat Data stat 1
&  30F — Exp. syst —— Total e
[0} £ 3
= 1.5p T T 3 8 ;7 7;
2 {.4) ATLAS Work in Progress E > E 4
3 q3f 3 g 4
125 E 0= E
11E E = E
09- 1 3 3 E
0.8¢ + E [T | = O I P B I P

0.7¢ E! 0
0.6? ’; njets

0.57‘ | | | ——— | =)
0 2 3 4 5
njels
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Distributions
€00

Distributions
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Distributions
fe1 1)

Distributions
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Distributions
ooe

Distributions

Events
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