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ATLAS results: 13 TeV
with full run-2 data (139fb7)
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Does Higgs boson
decay to two muons?
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https://www.sciencedirect.com/science/article/pii/S0370269320307838?via=ihub
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Houyu
* Predicted by SM via Yukawa coupling,

AN
but... + Lz%% *’"\.C

* SM is not perfect (various experimental
results can’t be explained, e.g. DM, flavor G >Lg “ﬂ()- )43 %3 ﬂ-L\'(
hierarchy of fermion mass, muon g-2, etc)

* BSM often modify Higgs coupling to muons

* Experiments only observed Higgs coupling

to 3"-generation fermions (H—TT/bb, ttH),
while no observation of Higgs coupling to

2"9-generation fermions yet /.\

* H-uu search has become the next :
milestone in the LHC programs! my
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LHC HIGGS XS WG 2016
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© F—— ]
* Very small branching ratio ~ 2x10™ < b//
S - Ww -
= 1/290xBr(H-7T) = 1/130xBr(H-cc) S99 -
S - TT A =
: C ]
* Large background (mainly Drell-Yan) T — :
: i 10'2:_ZZ E
* Good muon reconstruction and resolution 290% || 1204 ;
05 ATL-COM-PHYS-2018-826 _a |
%f . ;5 _ ATLAS Simulation Preliminary _ 3 _—/"—/:
E | *Low systematic = f
035f s:ﬁiﬁi::;mn uncertainties Sy
03f T ;; 1O BB T3 B %5 T30
0.25 //i M, [GeV]
0.2} it 4 _
015 / L’ * H-up currently provides the best
o1 F s opportunity for probing the Higgs
0.05} il ] ) . .
o= e : coupling to 2"%-generation fermions
10 102 10°

ptTruth [GeV]
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Events

Data/Pred.

Background

* Main background:
Drell-Yan process
(>90%)

* tt and diboson
become important in
VH/ttH phase space

10° = Vs = 13 TeV, 139.0 fb” 2
108 [l Diboson
Il Top
— H-pp x100

1 07 0.-.0
e Syst. uncert.

108

Phy'smLett. B 812 (2021) 135980
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DY tt
(4 aYda P9 r9 A
t
Z/7 g g
\ AV t g t g t)
Diboson
a W/Z q W g 7 ™\
Z/y Z/v w
\& W/Z 4 wod Z 4 Z )

* Major challenge: very small S/B (< 0.7%)

* Hard to find signals (requires good separation
between signals and background)

* Result easily biased by background mismodeling
(requires careful background modeling procedure)

Jay Chan (Wisconsin) 4
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* BDT-based event categorization
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Event SeleCtion Phys. Lett. B 812 (2021) 135980

Signal signatures: select
events containing two isolated
muons with opposite charges

ATLAS

EXPERIMENT
Run 281411, Event 312608026
Time 2015-10-11, 18:40 CEST
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Production driven categorization

Phys. Lett. B 812 (2021) 135980
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Events

L]
Vs=13TeV, 139.0 fo™ - 27;?
[ Diboson
I Top
— H-pp x100
Syst. uncert.

10°
108
107

VBF+qgF channel
Rest events

Data/Pred.

09 F

80 90 100 110 120 130 140 150 160
m,, [GeV]

3 production-mode channels

ttH channel
=1 b-jets
=1 extra lepton

VH channel
0 b-jets
=1 extra lepton

July 15, 2021 Jay Chan (Wisconsin)

=>Further split to 20 categories by BD
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BDT classifier

Phys. Lett. B 812 (2021) 135980
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c L ATLAS Data ]

o - , ]
Lﬁ 0.16 \s=13TeV, 139 fb" — H—pp simulation -
—— C ) —— Bkg simulation ]
© 0.14 1-et -
c
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5 0.12-
© L

T o4F

0.08[

0.06F
0.04F
0.02F

Oﬁ;uuluu o b b b by 1y 0 19

0 2 4 6 8 10 12 14 16 18 20

Ni1ra0k3
* Also utilize number of

tracks inside the two
leading jets — useful to
distinguish quark/gluon
jets and VBF events

July 15, 2021

* Dedicated BDTs are trained for different
production modes and phase space

vents

LIJ

action
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LL
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c 0.07}
0.06f
0.05}
0.04f
0.03f
0.02f
0.01

* Key to further separate the signal from

background

* Mainly employ kinematic variables of di-jet

system, jets, etc

_IIIIIIIIII|||IIIIIIIIIIIIIIIIIIIIIIII
—ATLAS

Data —f
E {s=13TeV, 139 ol T H—pp simulation ]
—— Bkg simulation
O-jet
- Phys. Lett. B 812 (2021) 135980 L]
O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

-1-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1
cos0*

Jay Chan (Wisconsin)

Phys. Lett. B 812 (2021) 135980

TTTT II|I|IIII|IIII|IIII|IIII|IIII|II|I|IIII||III_
O.4—ATLA5 Data —

- {s=13 TeV, 139 ! T H—pup simulation
0.35 —— Bkg simulation
- O-jet

0.3 =
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BDT categorization for ggF/VBF categories

22 jet VBF BDT VBF category
RN = ——

0-Jet ggF BD/ \Jet ggF BDT 2-Jet ggF BDT
ggF category J ggF category @ ggF category
x4 x4 x4

x4
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0-Jet ggF BD/ \-Jet ggF BDT 2-Jet ggF BDT

>2 jet VBF BDT

BDT categorization for ggF/VBF categories

VBF category

——
x4

Jay Chan (Wisconsin)

® First train a VBF BDT
for 22-jet events and
define 4 VBF categories

TTTT[TT T T [TITT[TTT1]
Data 7

n m
= T ATLAS ]
L%’ 0.7:— (5= 13TeV, 139 fo! — VBF Hom sfimuIaFion_:
. C X —— ggF H—pp simulation 7
g 0-6:_ 2-jet —— Bkg simulation E
. o ]
48- 0.5= Phys. Lett. B 812 (2021) 135980 3
(C - :
0.35 g I
: 'VBFs
025 i
B — ]
01 NERE
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2 BDT categorization for ggF/VBF categories
3 >2 jet VBF BDT VBF cat
: Sy — — Cf4eg°ry

0-Jet ggF BDT 1-Jet ggF BDT 2-Jet ggF BDT
®* First train a VBF BDT
for 22-jet events and
ggF category ggF category ggF category define 4 VBF categories

% 0.7 ATLAS Data E

Phys. Lett. B 812 (2021) 135980 T Vs = 13TeV, 139 ol T ;/gBFF :::L:Lssl::j::fnn

2 Eanas 0 a1 ° 06 2-jet —— Bkg simulation e

2 0t Come — s @ Rast of the events sorted by % o5  Pos e sz 2021) 135960

g 0'355_ 2-jet —— Bkg simulation o C ]

§ 03 0 / / 0.4F -

-Jet/1-Jet/=2-Jet ggF BDT | -
[T

0.3t

0| 2-jet ggFs :
| |2-jet ggFs VBFs |

o
[N

into 4 ggF categories each

; 0.2- ,

0.15¢ . . C 4——-> i i ;
01 (12 ggF categories in total) 01;——5:11
0.05¢ %03 02 0304050607 0808 1
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Summary of categories

ATLAS, /5= 13 TeV. 139

:1, H—>MH. Phys. Lett. B 812 (2021) 135980

July 15, 2021

Category gF VBF WH ZH  tH 107
VBF Very High  6.6% |93.3%| 0.0% 0.0% 0.0% 10°2
VBF High 12.8% |87.1%| 0.0% 0.0% 0.0%
VBF Medium  21.3% |785%| 0.1% 0.1%  0.0% 10°3
VBF Low 348% |64.8%| 02% 02% 0.0%
2jet Very High |82.0%| 15.7% 1.2% 1.0%  0.2% - 1.0
2-jet High 79.3%| 16.0% 2.7% 1.8%  0.3% S
2-jet Medium 80.7%1 10.4% 54% 3.0% 0.5% 3 0.75
2-jet Low 782%| 6.6% 88% 4.9% 1.5% o1
L-jot Very High [782%| 212% 03% 03% 00% § g5
1-jet High 88.2%| 10.4%  0.9% 0.6% 0.0% o -
ljet Medium  |91.4%| 6.1% 1.6% 09% 0.0% 2 .25
1-jet Low 92.4%| 3.8% 2.6% 12% 0.0% B
O-jet Very High |94.1%| 25% 14% 2.0%  0.0% 10
0-jet High 98.3%| 1.0% 04% 03% 0.0% s
O-jet Medium  99.1%| 0.6% 0.2% 0.1%  0.0% B 0.75)
0-jet Low 99.5%] 03% 01% 01% 0.0% S
VHAL 00%  0.0% | 01% 995%| 0.4% S osl
VH3LH 0.3%  0.1% 96.9% 2.6% 0.1% o Y
VH3LM 42%  1.0% 180.8% 8.6% | 5.3% I
ttH 0.1%  0.0% 1.5% 04% @ 98.0% @ 0257
* 20 categories in total 0.0°c e
I T
* Different Higgs production modes e
are well separated @

Jay Chan (Wisconsin)

VBF Medium

VBF Low
2-Jet Very High

2-Jet High
2-Jet Medium

2-Jet Low
1-Jet Very High

1-Jet High
1-Jet Medium

1-Jet Low

0-Jet Very High

0-Jet High
0-Jet Medium

bt

IL;
_’J__'

0-Jet Low
VH4L
VH3LH
VH3LM
ttH

S/vVB
S/B

B (x107)

ttH
VH
VBF

ggF

Zy*
Diboson
Top
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Phys. Lett. B 812 (2021) 135980

- - 0.2_' LI Tt T T LI B I T
Slgnal m0d6||ng § o1of ATLASSimuaton | N
_ - 0'165_ s=13TeV, 139 fo’ E

* Signal shape (also background) o al Hom :
modeled with analytical functions — Z , VBF Ver High O-et Very High -

- ¢ MC ¢ MC -

* Often asymmetric in the m € 0.1- —signal model — Signal model  —

HH 0.08 Mg = 124.7 GeV Meg = 124.8 GeV

spectrum due to the detector 0.06E. Oos = 3.0 GeV 0 =26GeV
resolution effect 0.045- =

. . . 0.02F- =

* Parametrized with a double-sided - -

. . 11' a0 YeE Y30 13610
Crystal Ball function (Gaussian + m,,, [GeV]

power-law tails) for each category e Main systematic uncertainties:

using full-simulation MC signal * 1 momentum scale and resolution

samples * Missing higher order QCD
* Gaussian width varies between correction
2.6 and 3.2 GeV (much larger * Underlying event and parton
than natural width ~4 MeV!) showering

July 15, 2021 Jay Chan (Wisconsin) 10



Background modeling 7 N
* Major challenge due to the very low S/B ratio
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* Mainly focus on the non-trivial shape of the DY
m . spectrum: model with (Core) x (Empirical)

® Core function: LO DY line-shape convolved with the Gaussian
muon resolution function

* All parameters are fixed
* Empirical function: Power-law or Epoly functions (different in
each category)
* With free parameters to absorb the mismodeling from the
core function

* Function choices are selected based on spurious signal test

procedure with high statistics simulation
July 15, 2021 Jay Chan (Wisconsin) 1
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Phys. Lett. B 812 (2021) 135980
> 70000 T A

| ] [ ] I I . I . T T
Spurious signal test g R AT Simaton Y Tt
ey H — up, 0-jet Low ---- Core function

x?/n.d.f. = 1.65 (p = 3%) — Signal pdf

* Evaluate the background modeling £%°
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: : - £ 40000 B-only fit to simulation bkg
bias l_oy performmg a S+B fit to 50000
the simulation background 20000
10000

L1 I|IIII|IIII|IIII|IIII|IIII|IIII|'

* Resulting S is the “spurious R

signal” (SS) g
—— . o} 1
= *Selected functions must pass the &
fit quality criteria: 2 1 oo
E
*SS < 20% of expected A A
Statlstlcal Uncertalnty |n data 110 115 120 125 130 135 140 145 150mu15[(53€;ll]60
* X% p-value > 1% for B-only * Eventually SS in each category
fits to simulation background is taken as a background
and data sideband modeling uncertainty
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* Fit to the m,, spectrum in data

< serve Imuon mass Sp I in all 20 categories simultaneously
O = 600 ! ' ! E
- e A 3 280 T '+ Dats E E ATLAS +Data 3
=] E pu - AS -+-Data 3 c 4
oy £ w - &= o ATiAS '+ Data € £ ATLAS + Data e FoATL ] E N —Totalpdf 3
® g 205" ATiAS -+ Data E 3 E ATLAS . h $§::| o E 60 (5= 13 TeV, 139 15" — Total pdf E 00 15=13TeV, 139 10" _;?gt:afs; T 500F Vs=13 TeV, 139 fb _ _Signafpdf E
> g 12? Vs=13TeV, 139 " _;%ﬁlafglif E 25— fo=13 T?/VB,JSHQ h cat —Signal pdf 3 50 4, wp, VBF Medium category _g:(ggna;gfdf = E  H - uy, VBF Low category -~ Bkg. pdf B a00b\ H = nu et Very High category g0 “ac E
% E ' - E E Hou, igh category —-Bkg.pdf 3 E ' -+ Bkg. E F = E E
% 14/ H - nu, VBF Very High category g0 "¢ = 20E Bkg. pd = 400 5 1501 ] so0b ¢ E
S G2 E f = - 3 E E g E
10 E E ? 3 oo 3 200F E
0N 8 3 E 205 E E 3 E E
92 6 = E E 3 50— E 100F- v
8 . E 3 105 = E P E 3
: F - e et A R eymsmetest o s e SN RN
-} . 2 - * } + - + ¢ } } i 123 o ol 38 ‘
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~ 0 0 A Y ‘ e o e e . _on -
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‘ T q 1200057 as + Data ] E ATLAS +-Data FATLAS o = 3500 4 —Totalpdf =
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N 300 ? (s =13 TeV, 139 fb" _Tptal pdf 3 10000— Vs =13 TeV, 139 fb — Signal pdf B E | — Signal pdf 500(% H — py, 1-jet Very High category = B\ H — pp, 1-jet High category .--Bkg. pdf 3
~ E — Signal paf 3 ™ H 2-jet Medium category ana_ b 3 A H — pp, 2-jet Low category --Bkg. pdf = Bkg. pdf 3 2500 E|
£ 2500x  H > up, 2-jet High category - Bkg. pdf 3 soooF = H el --Bkg.pdf E 400F- TN = E
o E — = 7 E E E 3
2 2000 E E 3 E 3 E 3
@ E 3 6000~ ] E E S ERr =
19500E" 4 4000 = E E T 1000F 3
10005 E ooF- = E = 100F " 500 2
500 2000¢ | 2000 ‘ ‘ ‘ ‘ ‘ ‘ ) R E e
E ot : : : : : : : : et ; ; ; ; ; ; ; ; gg ! : ) 100
e || ‘ 200 ; !
_— @ S [ S DS ¥ R SO S S ottt PN N B L Zg‘uﬁ‘f‘#_‘ﬁ"‘r?uH*'*v*#* °
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am g 50 ~100/= - o R S A0 e
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Observed dimuon mass spectrum

Phys. Lett. B 812 (2021) 135980
T T I T | 1 T I T T T T I T T T T I T T T T I T T T T I T T T T I T T II_
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o 600 Vs=13TeV, 139 fb" —;_otal ||od2| f =
£ 500/% H — pu, In(1 + S/B) weighted :B:?grfapdﬁ = *Sum of events from
2 400E- = all 20 categories
© — =
£ 300 - ® Events and pdfs are
— 9 — ] .
— § 200 = weighted by
100E- = In(1+S/B) in each
. E"::::::I:::::::::I:::::::::I:::::::::I::::I:::': CategorytoreﬂeCt
e the sensitivity after
@ the categorization
CDU ;| E— + .................................................................................................................................. .
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m,, [GeV]
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: i i 3 300 ATLAS + Data =
* Signal strength (observed signal yield / < . & wmvise mICL

SM prediction):

150F-

1.2 £ 0.6 (+ 0O.6(stat.) fgji(syst.)) i3

* Significance against no H—-ppu signal

hypothesis:

2.00 observed, 1.70 expected T T

* Observed upper limit @ 95% CL: - e :
*Br(Hopp) < 4.7x10 = 2.2xSM
* 2.0xSM expected (W/ H-ppu signal) :
* 1.1xSM expected (W/O H—pp signal) A

July 15, 2021 Jay Chan (Wisconsin)

115 120 125 130 135 140 145 150 155 160
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Signal strength, significance and upper limit

x10

300 ATLAS + Data 3
Vs=13TeV, 139 fb” — Total pdf
250 — Signal pdf

H—pp .. Bkg. pdf
200 &P

o Cémpatible with p=1 and
u=0 assumption

Phys. Lett. B 812 (2021) 135980

* Signal strength (observed signal yield /
SM prediction):

1.2 + 0.6 (+ 0.6(stat.) t2-4(syst.))

vents / 2 GeV
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Cnm oot b b b

* Significance against no H—-ppu signal | ¢ Statistically limited ;

~ hypothesis: R e e ————

2.00 observed, 1.70 expected e

* Observed upper limit @ 95% CL: ok oSS i

*Br(Hopp) < 4.7x10 = 2.2xSM

*2.0xSM expected (W/ H-puu signal) ¢ : :
*1.1xSM expected (W/0 H-ppu signal)

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
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| . I 3 a0 Amas .
* Signal strength (observed signal yield / ¢ . o =

SM prediction):
1.2 £ 0.6 (£ 0.6(stat.) fgji(syst.))

* Significance against no H—-ppu signal

hypothesis: e ~2.5 iAmprovement compared to

2.0c observed, 1.70 expected previous results with 36 fb™

* Observed upper limit @ 95% CL: éP5h1V§"O§)eV' Lett. 119 (2017)
*Br(H-pp) < 4.7x10™ = 2.2xSI

~25% due to better analysis

* 1.1xSM expected (W/0 H-pp signan = 1 = =

m,, [GeV]
July 15, 2021 Jay Chan (Wisconsin) 15
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: i i 3 300 ATLAS + Data =
* Signal strength (observed signal yield / < . & wmvise mICL

SM prediction):

150F-

1.2 £ 0.6 (+ 0O.6(stat.) fgji(syst.)) i3

* Significance against no H—-ppu signal

hypothesis:

2.00 observed, 1.70 expected T T

* Observed upper limit @ 95% CL: - e :
e Br(Houy) < 4.7x10™ = 2.2xSM
* 2.0xSM expected (W/ H-ppu signal) :
* 1.1xSM expected (W/O H—pp signal) A

July 15, 2021 Jay Chan (Wisconsin)
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Conclusion

* Huy decay channel provides the best opportunity for
probing the interactions between Higgs boson and the
second-generation fermions.

* ATLAS measured H—puy decay with full Run2 data (139 fb™")
* Observed significance is 2.00 (1.70 expected)
* Signal strength is 1.2 £ 0.6 (wrt SM)
*Br(Hopup) < 4.7x10™ (@ 95 CL) = 2.2xSM

* Results currently compatible with Standard Model prediction
and statistically limited

* Looking forward to future results with more data!

July 15, 2021 Jay Chan (Wisconsin) 16
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* CMS has observed 3o significance for
H-puu with LHC full run-2 data

* A simple combination between ATLAS

Local p-value

- cMms
[ Preliminary

- - Expected m, =125.38 GeV

Observed

1074 b

July 15, 2021

_4 | |
120 121 122 123 124 125 126 127 128 129 130

m, (GeV)

and CMS is V2.02 + 3.02 = 3.60
(assuming no correlation between two
experiments)

49" (7 TeV) +19.7 b (8 TeV) +137 fo ' (13 TeV)

:20‘

30

Jay Chan (Wisconsin)

CERN experiments announce first
indications of a rare Higgs boson
process

The ATLAS and CMS experiments at CERN have announced new results which show
that the Higgs boson decays into two muons

3 AUGUST, 2020

Geneva. At the 40th ICHEP conference, the ATLAS and CMS experiments announced new results which show
that the Higgs boson decays into two muons. The muon is a heavier copy of the electron, one of the elementary
particles that constitute the matter content of the Universe. While electrons are classified as a first-generation

* Expected integrated luminosity with
LHC run-3: ~300 fb-1

* Data statistics increased ~2 times
* Sensitivity increased ~v2 ~1.4
* Possibility of reaching 50 observation!

27
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Projection based on current expected significance

* ATLAS (CMS) expected 1.70 (2.50)
significance for H—-puu with LHC full
run-2 data

* A simple combination between ATLAS
and CMS is V1.72 + 2.52 = 3.00
(assuming no correlation between two
experiments)

* Expected integrated luminosity with LHC run-3: ~300 fb-1
* Data statistics increased ~2 times
* Sensitivity increased by ~v2 ~1.4
* Expected significance = 30 x 1.4 = 4.20

July 15, 2021 Jay Chan (Wisconsin)

28



4 Fitted signal and background yields in each category
O
§ Category Data Ssm S B S/vVB S/B [%]
= VBF Very High 15 2.81+0.27 33+1.7 14.5 £+ 2.1 0.86 22.6
§ VBF High 39 346 £0.36 4.0+ 2.1 32.5 4+ 2.9 0.71 12.4
2. VBF Medium 152 4.8 & 0.5 9.6 £=:2.8 80 £ 4 0.61 6.6
- VBF Low 284 75+ 0.9 9+4 203+ 8 0.53 3:2
2-jet Very High 1030 17.6 + 3.3 21 + 10 1024 + 22 0.63 2.0
2-jet High 5433 50 £ 8 58 £ 30 5440 £+ 50 0.77 1.0
2-jet Medium 18311 79 £ 15 90 £ 50 18320 £ 90 0.66 0.5
— 2-jet Low 36 409 63 = 17 70 £+ 40 36 340 £+ 140 0.37 0.2
— 1-jet Very High 1097 16.5 £ 24 19 £ 10 1071 & 22 0.59 1.8
1-jet High 6413 46 + 7 o4 L+ 28 6320 £ 50 0.69 0.9
1-jet Medium 24 576 90 = 11 100 £ 50 24290 £+ 100 0.67 0.4
1-jet Low 73459 125 £ 17 150 £ 70 73480 £ 190 0.53 0.2
0-jet Very High 15986 59 + 11 70 + 40 16090 + 90 0.55 0.4
0-jet High 46 523 99 = 13 120 £ 60 46 190 £+ 150 0.54 0.3
0-jet Medium 91392 119 £ 14 140 &= 70 91310 £ 210 0.46 0.2
0-jet Low 121 354 79 £ 10 90 &= 50 121310 £ 280 0.26 0.1
VHA4L 34 053005 0.6=x0.3 24 £ 4 0.13 2.6
VH3LH 41 145014 1.7+09 41 £+ 5 0.27 4.2
VH3LM 358 2.76+024 32116 347 = 15 0.17 0.9
ttH 17 1194+ 0.13 1.4 +0.7 15:1 4= 2.2 0.36 9.2

July 15, 2021

Jay Chan (Wisconsin)
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List of systematic uncertainties

* Theoretical effects
* Missing higher-order QCD corrections
* Parton distribution functions
* Underlying events and hadronization
* Higgs decay branching ratio and cross-section

* Experimental effects
* muon reconstruction and identification efficiencies
* Trigger efficiency
* |solation and impact parameter requirements
* Muon momentum scale and resolution
* MET calculation
* b-tagging efficiency
* Number of tracks associated with jets
* Pile-up modelling
* Electron reconstruction and identification efficiency

* Jet reconstruction efficiency, energy scale and resolution
July 15, 2021 Jay Chan (Wisconsin)
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Impacts of systematic uncertainties

aggF parton shower

ggF QCD scale

Spurious signal, VBF Very High cate.
ggF QCD scale 1+« 2-jet

Spurious signal, 2-jet High cate.

ggF QCD resummation

Spurious signal, 1-jet Very High cate.
H— pu BR

Spurious signal, 2-jet Medium cate.

Muon momentum resolution ID

July 15, 2021

Ap/fd

-0.05 0 0.05 0.1

ATLAS

Vs=13TeV, 139 fb™

—— Pull

1 standard deviation

] PrefitiImpacton 1

H— unTop 10 I Postfit Impact on i

S RS NN NN RS RN N

-15 -1 -05 O 0.5 1 1.5
@ - 0,)/A0

Jay Chan (Wisconsin)

Phys. Lett. B 812 (2021) 135980
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Muon reconstruction

truth
S (p,)/p;

®* Muons are mainly reconstructed from
iInner detector and muon spectrometer

* Muon momentum resolution is mostly

limited by inner detector i

n the H-uu

kinematic phase space (p;, < 60 GeV)
* Resolution typically at 1~2%

'

'

I‘I'
.l

28

21m

‘ \ Barrel semiconductor tracker
Pixel detectors

Barrel fransition radiation fracker
lllll End-cap fransition radiation tracker

End-cap semiconductor tracker

July 15, 2021

Inner detector
*B =2T
°Inl < 2.5

0.5
0.45

04
0.35f
0.3F
0.25F
0.2f
0.15F

0.05F

Muon spectrometer
* [Bxdl = 1~7.5Tm
°*Inl < 2.7

Jay Chan (Wisconsin)

ATL-COM-PHYS-2018-826

ATLAS Simulation Preliminary
b Vs=13TeV
Muon relative P, resolution,

Small sectors 0.0< 1 <0.4:

Combined reconstruction

—— — |D-only reconstruction
MS-only reconstruction

>
q\\

"\ Resistive-plate
chambers (RPC)
End-cap toroid

Monitored drift tubes (MDT)

32



i Final State Radiation recovery e P Lett B 812 (R02) 135080
D & g |- ATLAS Simulation [] Before recovery_
— . . ~ - H— B After recovery
= *Muon may lose a significant R e
8 b 6 - Only events with FSR (5% of all) .
2 amount of energy due to : _
= . . . — Mean: .6 GeV —
QED final state radiation  H ~-m_ v . Mean: 1261 Gev ]

B RMS: 4.7 GeV y

: 2 RMS: 4.3 GeV
® Include up to 1 final state :
pwo 0 '

photon for each event in m,, 110 120 130 140 150 160

~ {s=13TeV, 139 fo’' 7

—
— . . . . My [GeV]
calculation to improve signal reconstruction _ e tecssie o s
& - ATLAS Simulation [] Before recovery ]|
¢ AR(Y,H) < 02 % 150 [ H— pp B After recovery -

» pl. threshold increases linearly with AR(y,p)
from 3 to 8 GeV to supress pile-up

100 f

Mean: 124.1 GeV |
Mean: 124.4 GeV -

background = sl
*m,, resolution improved by ~3% "o 40 150 160
muu(v)[GeV]

O
3
-
N
o
N
—_—

July 15, 2021 Jay Chan (Wisconsin) 33



[
Q

<
@)
—
Q
>

=
7
Q
)
>
b
5

i

O
3
-
N
o
N
—_—

Dimuon event selections

* Passing single-muon
triggers

Phys. Lett. B 812 (2021) 135980

* Having two muons with
opposite charges

®* Muon p; > 6 GeV
*Muon n < 2.7

* Passing loose muon
identification criteria

based on particle tracks ™ T A TY ATLAS
_ _ _ e B\ L B e )| , Tene 2015201, 18140 CEST
* Passing isolation Nak) Wiy

requirement to suppress °® Further selections for different Higgs
hadronic activities production phase spaces

July 15, 2021 Jay Chan (Wisconsin) 34



ttH category

* Target leptonic and semi-leptonic
decays from tt
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* Require at least 1 additional
lepton (u/e) and at least 1 b-jet

* Leading (sub-leading) muon
pr > 27 (15) GeV

—
— o e S Lett: B 812 (2021) 135980
g - ATLAS —— ttH H—up simulation g
o = Vs=13Tev. 139" ___ Bkg simulation ]
= - tiH —— Data i . C .
S 08 1 *BDT model trained to distinguish ttH
£ o6 1 signal against SM background with 12
oal ' ttH category | event kinematic variables
i I > 1 _ . . .
0.2 | <+ *® The ultimate ttH category is defined with
e v RN _
0 01 0.2 0.3 04 05 0.6 07 08 09 1 BDT OUtDUt (OttH) > 035

ttH
July 15, 2021 Jay Chan (Wisconsin) 35




VH Categories * Dedicated muon pairing if

— \ more than 2 muons
/L ,u+
|74 "

* Two muons are paired to
form the Higgs candidate
by minimizing the x°
difference between
reconstructed and
expected mass values of

[
Q
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Q
)
>
b
5

— 3q| " IV the Higgs and W/Z
= | ® O-lepton channe o« A bosons
targets WH production 4 Ieptonzahanngl . en 2 roco. . cxp 2
in leptonic decay targets ZH production (i~ mg®  (missg = mi,
in leptonic decay x on oW,z
* Exactly 3 leptons e s 4 leptons
* No b-jet and no Z .p Onw)(z) IS the expected
candidate* * No b-jet and mass resolution of H(W)(Z)
< 2 Z candidates™ .
* Leptons p; > 27, ®* 97(93)% correct pairing

10, 10(15) GeV ’ I1_e5pt§ns6 p(ge\>/ 27, for 3u(>4u) cases
k for u(e) j \ - * Z = dimuon with m,, = 80-105 GeV

July 15, 2021 Jay Chan (Wisconsin) 36
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BDT for VH categories

Phys. Lett. B 812 (2021) 135980

I I o e 2 BDTs trained
R Gl e gmeten | for 3-lepton and
seieeten — ZH, Hou x 50 4-lepton channels
100 VH3LM &~ fonerso _
— VH3LH ¢ Ultimate VH4L
102w Tt eenae . category defined
ol by a BDT cut
* 3-lepton channel
) split to 2 sub-
e categories by BDT

®* 8 variables used to train the BDT

OvhsL

for 3-lepton channel

* WH as training signal and SM
background as training background

July 15, 2021

Events

Phys. Lett. B 812 (2021) 135980

selection

ATLAS Data
Vs =13TeV, 139 fb" Bkg. simulation
- 4-lepton inclusive ZH, H—pup x 50 7

WH, H—up x 50

Other Signal,
H—up x 50

for 4-lepton channel

Jay Chan (Wisconsin)

® 7 variables used to train the BDT

®* /H as training signal and SM
background as training background

37
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BDT training variables

* ttH:

*
e cosf , p-l-(““), pT(|3), pT(|4); mleptoniC top’ mleptonic wr Mhadronic top’ m(|3,|4)’

M3, w) Neentral jetr Npjetr Hro
* VH3L:
® Migotonic w Prasy BPs, 1y ANgs ny Prgry, MET, A®er 1), N
* VH4L.:
* Prgry Prgey Np AP 4 AP,y ANy, My
* ggF/VBEF:

. « J1
cos @ ’ IOT(W), Yuu’ pT(j1)’ nj1’_ A¢j1, M Ntrack’ pT(jZ)’ nJZ’ Aq)jZ, Hp? pT(JJ')’
Y, A®; ., m, MET, H, N}

) ki’ track

u*=opposite charge muon from Higgs candidate

Note: nj2 1 nj22

July 15, 2021 Jay Chan (Wisconsin) 38
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Variable definition

b q
° mleptonic top: ° mleptonic W: ° mhadronic top:
transverse mass of the transverse mass of invariant mass of
3" lepton, MET and b-jet the lepton and MET q, g, b

* cos0": lepton decay angle in the Collins—Soper frame
2(p{p2 —P1P3) Dzee

2 2 2 |PZ,££|
J mg,(Mg, + DT pp)

cosf@* =

July 15, 2021 Jay Chan (Wisconsin) 39
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Muons

Loose working point
FixedCutPflowLoose isolation
pT > 6 GeV

In| < 2.7

Impact parameters:
|dO significance| < 3.0
|20 sin8| < 0.5 mm

H-puup object preselection

Electrons

Medium likelihood working .

point

FCLoose isolation

PT > 7 GeV .

In| < 2.47
(excluding crack region

1.37 < |n| < 1.52)

Impact parameters:
|dO significance| < 5.0
|20 sin| < 0.5 mm

Jets
Antikt4PFlowEM algorithm

PT > 25 GeV for |n| < 2.4
PT > 30 GeV for 2.4 < |n| < 4.5

JVT > 0.59

for [n] < 2.4 and 20 < pT < 120
JVT > 0.11

for 2.4 < || < 2.5 and 20 < pT < 120
b-tagging:

MV2c10 60% working point for ggF/VBF
MV2c10 85% working point for VH/ttH

July 15, 2021

Jay Chan (Wisconsin)
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H-pup event selections

* GRL and event cleaning for data
* Trigger and trigger matching:

® 2015: HLT_mu20_iloose_LTMU15 or HLT_mu50

® 2016/17/18: HLT_muZ26_ivarmedium or HLT_mu50

ggF/VBF

Exactly 2 opposite charge
muons

Leading (subleading)
muon pT > 27 (15) GeV

b-jet veto (60%)

No ttH, no VH

Exclusive categories with highest priority on the right

VH 3lep

Exactly 3 leptons

At least 1 oppositely-
charged muon pair

b-jet veto (85%)
NZ = O

Leptons pT > 27, 10,
10(15) GeV for u(e)

VH 4lep

At least 4 leptons

At least 1 oppositely-
charged muon pair

b-jet veto (85%)
N, <2

Leptons pT > 27, 15,
8 ,6 GeV

ttH

1 oppositely-charged
muon pair

Leading (subleading)
muon pT > 27 (15) GeV

1 additional u/e with pT
> 15 GeV

ijet z 1 (85%)

July 15, 2021

Jay Chan (Wisconsin)
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