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Higgs Production Processes

Run 2 @ 13 TeV

M(H)= 125 GeV
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gluon-gluon fusion (ggF)

ttH/bbH production

vector-boson fusion (VBF)

q

1/b

* ggF: has highest production cross section but comes with large backgrounds
* VBF: large backgrounds from DY can be reduced efficiently by requiring two VBF-like jets
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Higgs Decay Channels
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SM Higgs Yukawa couplings to fermions: 8
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leptonic Higgs decays:

Standard Model | H — 0
1T = 6.3%
branching ratios BH~ )SM 6.3%

(my, = 125 GeV) | B(H—=pp)gy = 0.02%
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Precise measurements of the Higgs Yukawa

LU

couplings are powerfU| prObe of the SM 10100 121 122 123 124 125 126 127 128 129 130
M, [GeV]

Leptonic Higgs decay channels covered in this talk:

* measurement of H — TT cross section — ATLAS-CONF-2018-021, 36.1 fbl

+ search for H — pp — ATLAS-CONF-2018-026, 79.8 fbl

+ search for lepton-flavour-violating Higgs decays — Eur. Phys. J. C (2017)77:70, 20.3 fb!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-026/
https://cds.cern.ch/record/2148625/files/epjc20177770.pdf

EXPERIMENT

Run: 300571
Event: 64794822
2016-05-31 08:12:26 CEST

my = 125.2 GeV
mj; = 14TeV

cut-based analysis with likelihood fit to di-tau mass m_,

ATLAS-CONF-2018-021

ATLAS 2015+2016 data: 36.1 fb!

leptonic

hadronic

requires advanced techniques for di-tau mass reconstruction

(challenging due to neutrinos in final state)

exploit all tau decay modes (leptonic and hadronic), channels: lep-lep, lep-had, had-had
split signal regions according to Higgs production process, categories: boosted ggF, VBF
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-021/

H—- 1t Fvent Selection

Preselection

+ exactly 2 opposite charge leptons (= 1,u,e)

+ missing transverse energy > 20 GeV (higher in lep-lep)
+ veto on b-tagged jets (not in had-had)

VBF Higgs Signal Regions Boosted (ggF) Higgs Signal Regions
+ at least 2 jets + high-p; recoil jet — boost of the Higgs
+ large invariant mass of di-jet system || + large Higgs transverse momentum
tight region boosted high-p; region
+ high di-jet mass - higher Higgs p-
+ high Higgs p+ in lep-had + small angular distance
between taus x

loose region boosted low-p- region‘\\

+ lower di-jet mass Signal Regions
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H— 1t Background Estimation

lep-lep lep-had had-had
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Tlepflep VBF TlepTIep boosted ATLAS Preliminary M .

Z-1ICR Z-IICR {5=13TeV, 36.1fb" dominant background:
") CdH—>zr
c W7o real taus from Z—1T
o) CIZ—i
'a [ Top

Il Other background 1 1

q:_) [ Misidentified 7 Jets faklng taus
O Tiepliep VBF Ty Tiep DOOSEEd TopThag VBF Tigp Thaq DOOStEd (W +)ets an d mu |tU ets)
S top CR top CR top CR top CR
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Z—|l events
tt and single-top events

(,”‘ Challenge: fake-tau rejection — hadronic tau reconstruction (talk by A.-C. Le Bihan)
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Background Estimation
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Z—1l control region Top control region W-enhanced region
(80GeV < m; < 100GeV) (inverted b-jet veto) (g-jet dominated)

« Z—Il and top background normalizations constrained by event yields in respective CRs
« Z—11, Z—ll, top background estimated from simulation
+ data-driven estimate for background from misidentified taus,

fake-factor method in lep-had channel

each CR modeled by single Poisson distribution
— total expected event count in global fit
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H - 1t Background Estimation
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H— 1t Ubservable Di-Tau Mass

Challenge: Mass resolution of di-tau resonance
— difficult because multiple neutrinos originate from tau decay

Missing Mass Calculator
* takes into account the mass and decay kinematics of the tau leptons
* minimizes a likelihood function defined in kinematically allowed phase space

https://arxiv.org/pdf/1012.4686.pdf
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https://arxiv.org/pdf/1012.4686.pdf

H—-tt

QCD calc. of ggF, p? >120GeV
Jet energy resolution, comp. 0
Boosted Z — 77 NF

QCD calc. of ggF, pg > 60 GeV
QCD calc. of ggF, 1—2 jet mig.
QCD calc. of ggF, top mass
ET™ resolution, soft term
b-mistag rate, comp. 0

Jet energy scale, comp. 7

Parton shower modeling
in VBF production

ATLAS
Preliminary

{s=13 TeV, 36.1fb™"
mH =125 GeV

dystematic Uncertainties
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Sources:

* theoretical uncertainties in signal
(predominantly in ggF)

+ theoretical uncertainties in background

+ experimental uncertainties

Dominant systematic uncertainties:

* missing higher-order QCD corrections
* jet energy resolution

* tau ID

* normalization of Z—tt background

~ post-fit uncertainties of the

nuisance parameters

» in most cases fitted parameters are in
good agreement with nominal values
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H -t Results / Ubservation

signal strength: ratio of measured signal yield to the SM expectation

Wrsp, = 10975 (stat. )5 (syst. )"y 1 (theory syst.)
SNt lVBIf tllght S|g||1&||I Iregllo]n
S | amas Prelllmlnary E,gat32°15|+2016:
observed (expected) significances @ [ Vs=18Tev,36.17 ~ mmioec
@ Vs = 13 TeV: R R A — [ vl
4.4 (41) o ! B
combined with Runl result 5 i
@ Vs = 7 TeV and 8 TeV: : §
6.4 (5.4) o E i
2
— Observation! %
§0'5—_.|.||.||||.|||..|H_—

50 100 150 200
MMC [GeV]
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H—- 1t Results

measurement of total Higgs production  two-parameter cross-section fit separating
cross section in H—1tt channel with the ggF and VBF production processes
single-parameter fit

2L BULEI SR LS LR LSS SOULE RN RN ST o) 0.8 --_|950-/6L-|_
ATLAS Preliminary ~ Vs=13TeV,36.1f6"| & E ey
i i LLl“ i o -. - i
total —stat. —SM exp. total (stat., syst.) gbg 06 >f::nst fit B
T.. T 249 +1.38 (+O.77 +1.15) B ]
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0.2— -
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AP B O T A S P A -F13TeV361fb‘ i
T S R T N I Y ST 0.2, | I ) I e T
... [ob] p 0 2 4 6 8 10
H
. dilg—n'f[pb]
pp — H — Tt total cross section:
p— . ggH _
Oy =0y B(H?77) o, =3.0+1.0(stat.)" ;" (syst.)pb
+0.60 +0.87 +0.11
— — —+
T yer =371 50 (stat. )5, (syst.) pb OH—)rr 0.28+0.09(stat. )" oo (Syst.) pb
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Search for H — p

ATLAS-CONE-2018-026 | ATLAS data @ Vs = 13 TeV, | .__.__—__r__‘.__.__
79.8 fb'l ‘\ \I\ \I\ \l \l \ \\|\ “:L}_*
high m , resolution with two isolated opposite-sign p i Tt :_;'_,‘;"_;.';-:-m

By
==
o =

events are classified into ggF- and VBF-enriched regions
multivariate analysis (BDT) is used to define VBF regions

signal & background described by analytic functions Qo™ = ooy

Ps(my,) = fcp X CB(myy. meg.ocp.a.n) + (1 = fep) X GS (mﬁp. meGs. ""—Gs)

Crystal Ball function (CB)‘ Gaussian function (GS) bt

P (myuy) = f % [BW(mpw.Tew) ® GS(aos) 1 (mpye) + (1= f) x e ™y,

A | A
Breit Wigner (BW)_- ,, exponential ~ f

Gaussian function (GS)- | cubic function

+ fit of analytic functions to data, search for bump in mass window
around Higgs mass (110 GeV < m,, < 160 GeV)

Lara Schildgen « TAU 2018 - Higgs decays to leptons with ATLAS 13


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-026/

Background Modeling

signal x50 ~
> 0 e e T e
. . ATLAS Preliminary - Data /
Background Estimation S 107 s =13 Tev, 79.8 1o =z d/
> 10° I;|—>uu analysi% . [ Diboson
. c 6 <m, <160 Ge Bl Top
+ dominant background from Drell-Yan process ¢ 10 E — ggF [x50]
— VBF [x50]
//V* — 10° — VH [x50]
/Y MM il #tH [x50]
* MC simulation: 10° B
+ optimize the event selection 10°8
. 2
+ model the signal processes i
. . 10
+ develop analytic functions to model
mass distributions for total background o
=
3
©
(]

* reweighting to improve modeling of Z/y*—l| :
D e L s o T e e

Pr spectrum 0 20 40 60 80 100 120 140 160 180 200
Dimuon P, [GeV]

— general agreement of data and simulation Dimuon transverse momentum pr
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« BDT to select events in two VBF categories
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Events / 2 GeV

Data/MC

dignal Regions

dimuon mass m,, distributions for the two most sensitive categories:

> 10° g e e
ATLAS Preliminary 8 ATLAS Preliminary -e-Data
Vs=13TeV, 79.8 fb" =z N 1otk Vs=13TeV,79.8 0" =z
H — pu analysis @ Diboson b = H — pu analysis I:IE‘_’I;/KZ
Non-Central high p™* @ Top = C VBF Tight - ocoh
I o) 3 I Top
— ggF [x50] S 107 — ggF [x50]
— VBF [x50] = - — VBF [x50]
— VH [x50] 102k — VH[x50]
ttH [x50] 7 ttH [x50]
10
.
10~
o
O 2:
= E g ....... [ .
S 15F
S $|+|+|“||+~+|$|;F +$+
. 8_ 0_5;_ .............. - A T B ++
110715120 125 130 136 140 145 150 165 160 T0TTIE 1201595 130 135 740 145 150 155160
Dimuon Invariant Mass [GeV] Dimuon Invariant Mass [GeV]
Non-central high-py region VBF tight region

Fit

+ signal+background fit to dimuon mass distribution in all signal regions
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H — pp Results / Limits

Results

* measured overall signal strength u=0.1"
* obs. (exp.) upper limit on signal strength p < 2.1 (2.0) at 95% CL
* improvement of ~35% compared to previous ATLAS result

+10

>8000""|""|""|""| """" IS N RLE | R A [ | : > j"'l""l""l""l """""" |""|""l"":
S 8 ATLAS Preliminary - o & - ATLAS Preliminary .
‘Gh @ 70001 Non-central high p!" \s=13TeV, 79.8 b = o g 50[ VBF tight \s=13TeV, 79.8 fo' —
8 L% 6000 x2/ndof =37.5/48 H_)uu ana|ysis _: 8 LI‘EJ' xz/ndof =31.2/48 H—pp analysis E
= = —e— Data = ) B —e— Data i
o 5000 Background g= L Background i
= —— Signal x 20 - .9 30 =~ Signal x.20 —
% 4000 = | = E 4
e 30002— _i E 20 &
—_ c = > - i
2000 — = C =
© E - 10—
= 1000~ = -
8 0 5 e e e | I tear 0 b : : : :
S =z 2.4 . 4 + F 2N ++ ++++ AN VRNl
TR TS VIR L AW NVER R TN 45 o 17424 --+—-~-+ : H&
Z g o ++++++++ g ; i 4 ++++++ ++++ + w I A TR AR
E -4 =
o . L , \ \ . . \ \ __\ 110 115 120 125 130 135 140 145 150 155 160
110 115 120 125 130 135 140 145 150 155 160 m,,, [GeV]

m,, [GeV]
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Events / 10 GeV

search for LFV Higgs decays

Eur. Phys. J. C (2017) 77:70

jx1g®__ATLAS data @ Vs =8TeV, 203 fbl
R S I ' SR N A B N B N R B
ATLAS = PDiT:ZS) — et [BR=1%) E

2.5 €Ty, BVENts B Z - tt+jets (0S-SS) ]

(s=8TeV [Ldt=20310" W + jets (OS-SS)
I Same Sign (Data)
B Z - ee (e — ©) (OS-SS)—
B Other Backgrounds (OS-SS).|
Syst. Unc. ]

III|III|]I\I\|IIII|IIII|[III
IIIIlII]IlItII

DA% 0 0\
UX N A7)~

]llllllll\lll

100 150 200 250
m¥MC [GeV]

($))
Ol[lllll |I\||I

lepton-flavour-violating (LFV)
Higgs decays (talk by B. Le @16:35)
H— et H— ut

motivation:

* beyond-SM physics models predict LFV
Higgs decays

* T—3u decay via Higgs boson

* final state like in H—T1t analysis,
but prompt lepton

* leptonic and hadronic tau decays
considered

no significant excess observed
upper limits on LFV branching ratios:
B(H — e1) < 1.04%

B(H — ut) < 1.43%

Lara Schildgen « TAU 2018 - Higgs decays to leptons with ATLAS 18


https://cds.cern.ch/record/2148625/files/epjc20177770.pdf

summary a Outlook

Search for lepton-flavour-violating Higgs decays = 1607771 |
no significant excess observed Proimmary - 13TeV
set new upper limits on LFV branching ratios:

BH — e1) < 1.04%, B(H — u1) < 1.43%

—

n

o
I\I|III

C . Delivered: 145 fb”
- [[]LHC Delivered Recorded: 136 fb"

— D ATLAS Recorded

— i
(=~
(==

Total Integrated Luminosity [fo
[00]
[==)

uone.q|ed gLog [enu)

Search for the decay of Higgs boson to dimuons 605_
= no significant excess observed 1oF-
—L . . . . C
1 set more stringent upper limits on signal strength: soF-
-1 “ < 2'1 (2'0) at 95% CL E | = oy !
) 30 V2 g W08 8 T T 1B 118
Cross-section measurement of H—tt Month in Year
= | Observation of H—1t
= significance 6.4 (54) o ttH production: Phys. Lett. B 784 (2018) 173
—f
:L Yukawa term in SM as expected (pp—ttH, H—bb) H—bb decay: arXiv:1808.08238

» next goal: differential cross-section measurements
> sensitive to new physics (e.g. composite Higgs models)

Looking forward to perform further precision measurements!
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https://www.sciencedirect.com/science/article/pii/S0370269318305732
https://arxiv.org/abs/1808.08238
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H—-tt

Preselection Cuts

Fvent Selection

Te Tlep TlepTllad Thad Thad
eel i T
loose loose loose loose loose loose .
N =2.N = N =1.N =1 N =0. N =2
e/u " Thad-vis e/u " Thad-vis e/ Thad-vis

e/ p : Medium, gradient iso.

Opposite charge
coll

m_ > my—25GeV
30 < mg, < 100GeV
E%"“ =~ 20 GeV

30 < myp < 75GeV
EF™ > 55GeV
E.-IIIHSH' hard ~ 55 GeV

AR__ < 2.0
|Anp_.| < 1.5
0.1 <x; < 1.0
0.1 <x, < 1.0
Pl > 40 GeV
N{r—iets =0

e/ p : Medium, gradient iso.
Thadvis: Medium
Opposite charge

myt < 70 GeV
ET™ > 20 GeV
&RTT < 2.5

An__| < 1.5

0.l <x; < 1.4

0.1 <x,<1.2

pil > 40 GeV

Nh—jets =0

Thad-vis* Tigh[
Opposite charge

EMS > 20 GeV

0.8 <AR__ <25
|An,. .| < 1.5
0.l <x; <14
0.1 <xy, <14

pr > T0GeV, |, | < 3.2
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H—- 1t Fvent Selection

Signal Regions

Slg]]d] Rt‘glﬁﬂ IﬂC]lIH]\rE TlE‘I}TlE‘IJI TlE‘pThdd Thdd Thdlj
T ) L ;_J:]:T > 140 GeV
Hl:]:] Jr)-l—- ;)"‘T: - 30 GE‘\’F &RTT < 15
1 |&}j‘ : | =3 . _ = TR T . r . TT
- : 1 T m;; > 800GeV | m;; > 500 GeV Not VBF high-p.
- Tight m;; > 400 GeV i £ g e, " e ]
= 1l < 0 pr > 100 GeV mj; > (1550 - 250. I&r;HIJGe‘V
‘entral leptons i Not VBF high-p7.*
Loose Central leptons Not VBE tight 0_ FThk.h 1pT
= and not VBF tight
- o rr o pr > 140GeV
_L{‘f Hlbh .I”'T TTI\D'[ VBF &RTT ol
3 — pr > 100GeV —
as Low-p. Not boosted high-p.
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i —up dignal and Background Modeling

)%

Higgs boson peak

* resolution effects
* final-state photon radiation

. . _ S
Ps(my,) = fcg X CB(myy, mep. ocp.a.n) + (1 = fep) X GS (”?,uau* MGS.- LTGS)

»
Crystal Ball function (CB) ‘ Gaussian function (GS)

Background

* falling dimuon distributions dominated by Drell-Yan process

* flexibility to absorb potential differences between data and MC simulation
* allow variations in different categories

* additional contributions from minor background processes

P(myu) = f X [BW(mpw.IBw) ® G.S'(_crgs)](mﬁyj + (1= f)X oA My /mf{.u

} 4 A
Breit Wigner (BW) exponential - |

Gaussian function (GS) | cubic function
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