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- | cannot possibly cover all results.
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Production anc Decay Rates
of the Higgs Boson




Historical Development

In 1964, three teams published proposals on how mass could arise in local
gauge theories. They are now credited for the BEH mechanism and the
Higgs boson.
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The 2012 Discovery
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Seminar of July 4, 2012

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC*

ATLAS Collaboration* Phys. Lett. B716 (2012) 1

Observation of a new boson at a mass of 125 GeV with the CMS experiment at

the LHC*
CMS Collaboration* Phys. Lett. B716 (2012) 30 | | e



Standard Model

Measurement Fit Aomeas—omucrmeas

) 12 3
Standard model does not m,[GeV] 91.1875+0.0021 91.1874
, I,[GeV]  24952+00023 24959
answer all the questions, ol [nb]  41540£0037 41478
but it does describe existing R 20.767+0.025  20.742
data remarkable well A 0.01714 +0.00095 0.01646
. R, 0.21629 + 0.00066 0.21579
There are very few confirmed r_ 0.1721£00030  0.1722
anomalies AEJ'b 0.0992+0.0016  0.1039
AR 0.0707+0.0035  0.0743
: A, 0.923 +0.020 0.935
The EW symmetry breaking A 067050027 0668
mechanism in the SM is not A(SLD)  0.1513+0.0021  0.1482

confirmed

. . m,, [GeV] 80.399+0.023  80.378
= Hunting for Higgs boson y[GeVl  2.085+0.042 2.092
m [GeV]  173.20+0.90 173.27

July 2011 {} 1 2 3
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Higgs Boson Mass Constraint

Direct searches at LEP:

m, >114.4 GeV @ 95% CL

Precision electroweak data are
sensitive to Higgs mass

{ H
w > < W\O\M
W SOW W W W W

I b

Preferred value from global fit:
m, = 9232 GeV

and 95% CL upper bound
m, <161 GeV

6 July 2011 m = 161 GeV
1 ' (5) _
5 2L A0y = B
:_": — 0.02750+0.00033
1 ' ----- 0.02749+0.00010 i
4 3ee incl. low Q’ data —
3- |
e |
14 |
0 Excluded i
30 100 300

m, [GeV]

Existing data suggests a low mass standard model Higgs
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Higgs Searches at Tevatron

The ggF cross section is x10 smaller than that at the LHC. Main

search channels are: WH — ¢vbb, ZH —vvbb, H S WW — /viv, ...
Tevatron Run Il Preliminary, L < 8.6 fbo™

LEPExclusub'ri'”“' " Tevatron
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The combined CDF and D@ searches resulted in a mass
exclusion range of 156-177 GeV at 95% CL
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Large Hadron Collider

A Superconducting Proton-Proton Collider

Design: 14 TeV with the peak luminosity of 103 cm™2 st
Run 1: 7 and 8 TeV with a peak lumi ~6x1033 cm™ st

Two general purpose detectors: ATLAS and CMS
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ATLAS and CMS Detectors

ATLAS

Length: 46 m
Diameter: 25 m
Weight: 7,000 t
Solenoid Field: 2 T
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LHC Run 1

2011: Js=7TeV, ~5b"
2012: /s =8 TeV, ~20fb™
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Delivered: 5.46 fb™
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Higgs Boson Production at LHC

ggF
9 . HO
g "

g g fusion

Yukawa
Coupling
t T fusion
3 W.Z 4
= 0
q H o ”
W, Z bremsstrahlung Gauge

Coupling

WW, ZZ fusion
VBF

gluon-gluon fusion gg—>H and vector-boson

fusion gq—>qqH diagrams dominate

10°

10

o(pp — H+X) [pb]

T 1II]III| T IIIIII[| T T TTTT

T IIIIIII]

III[

\s=8 TeV

[N

LHC HIGGS XS WG 2012

11 IIJIII|

IIIIII

L
0 100

1000
M, [GeV]

200 300 400

Production cross section for my = 125 GeV

Process Tot gel' VBF WH ZH #H
o (pb) 223 195 1.6 0.70 0.39 0.13
a /oot (Y0) 874 72 31 1.7 06

Over 1,000,000 Higgs bosons produced at LHC in Run 1!
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Higgs Boson Decays

Around 125 GeV, many accessible decay

modes, rapid changes in H— WW and Branching ratio @ 125 GeV
H— ZZ" decay BR. H — bb ST.T%
H— WW+ 21.5%
5 - H—71 6.32%
8 s H— 7277 2.64%
= g H — ~~ 0.23%
E I'i' H — Z’}-" UlE(/_{f
% H — pp 0.02%
&
=
L

Dominant decays:
H — bb for m, <130 GeV,
H—>WW* form, <130 GeV
for SM-like Higgs bosons.

500 1000
M, [GeV]
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Theoretical Uncertainties

Ao /o for pp at 8 TeV
Process QCD scale PDF+a, Total (linear sum)

ook +8% +8% +15% Th ki
8% _ _ e uncertainties in the ggF process
dH =T +s% £15% crrainties In the 867 P
are starting to limit the precision of
VBF +1% +4% +5% the coupling measurements.
VH +1% +4% +5%
LHC cross section working group ABR/BR at My = 125 GeV
decay theory parameters total (linear sum)
H — bb +1.3%  +15% +2.8%
[.~057T", = Am hasalarge @ H —7r +3.6%  +2.5% +6.1%
impact on parametric uncertainties H —#r  E3.9%  £2.5% +6.4%
H—WW* £22%  +25% +4.8%
ALy, ~2 Am, ~2.6% H—-Z7* +2.2% +2.5% +4.8%

A. Denner et al., arXiv:1107.5909

Parameter Central Value Uncertainty MS masses mq(mq)

ae(Mz) 0.119 40.002 c . s by th
me 1.42 GeV +0.03 GeV 1.28 GeV onservative assumptions by the
] o i LHC Higgs cross section, usually
mh 4.49 GeV +0.06 GeV 4.16 GeV 2-3x larger than PDG values.
M 172.5 GeV +2.5GeV 165.4 GeV
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Statistical Procedure

Construct likelihood from Poisson probabilities with parameter
of interest (signal strength £ in this case):

L(datal z,0)= Poisson(data | 1-5(0)+ b(6’))>< p(é | 9)
L signal strength; 6: 'nuisance' parameters (efficiencies...)

L(u,é’ H )
Hypothesized value of uis g = —2InA(,u) — _91In (A )
tested with a test statistic: : L(/},Q)

Systematic uncertainties are included as nuisance parameters
constrained by chosen pdfs (Gaussian, log-normal, ...)

Combination amounts to taking product of likelihoods from different
channels: | (data|u,8)=1I1; L (data, | ,6,)

Jianming Qian (University of Michigan) 15



Theory and MC Tool Box

Tremendous effort from the theory community, ...

Cross section tools:

‘. MC tools:
g8l aMC@NLC
HIGLU (NNLO QCD+NLO EW) POWHEG
FeHiPro (NNLO QCD+NLO EW) SHERPA.
HNNLO, HRes (NNLO+NNLL QCD) HERWIG++, )
ggh@NNLO (NNLO QCD), ... MadGraphs, .. S
VBF: . o
VV2H (NLO QCD) H'gg: g:cc:\‘(’ S|'\| " S
VBENLO (NLO QCD) A~ (4f |\zLo S
HAWK (NLO QCD+EW) rophecy4f (NLO), ... c
VBF@NNLO (NNLO QCD), ... Others g
VH: HgT (NLO+NNLL) g
V2HV (NLO QCD) ResBos (NLO+NNLL) S
VH@NNLO (NNLO), ... MINLO o
JetVHeto T
tth: MELA/JHU, T
HQQ (LO QCD), ... MEKD, ..

+ general programs such as MCFM and many private codes...

Jianming Qian (University of Michigan) 16
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Disentangle Production Processes — Why?

Production processes naturally fall into two groups

g t
A HO
g g fusion : t
g t

t

q

WW, ZZ fusion: H

g Lt g W,z
ttfusion : H° W,Z {
t
9
At q W, Z bremsstrahlung
Strong Production Electroweak Production,
Fermion Coupling Vector Boson Coupling

Higgs candidate events are selected from their decay signatures,
independent of production.

But need to disentangle the production processes using the
production signatures for property measurements.

Jianming Qian (University of Michigan) 17



Disentangle Production Processes — How?

From other activities in candidate events...

| i VH
W.Z -
>""V‘{ Tagged by W/Z decay signatures:
g He leptons, missing ET or low-mass dijets
from W or Z decays

VBF
Two high pT jets with high-mass and large
pseudorapidity separation

ttH

Tagged by top decay signatures:
leptons, missing ET, multijets or
b-tagged jets

9 o :4:43
g t f Untagged: the rest
g g fusion separate into 0, 1 or 2 jets

Jianming Qian (University of Michigan) 18



Analysis Categorization

Categorized candidate events
- to improve S/B and

- to separate different production processes...

ATLAS H— yy 12 categories

IlllllllllllllllllIIIIIlIIIllllllllllllllllllllll

WogF T'VBF BWH [ZH | fiH bbH tH —
ATLAS Simulation

H—yy \s=8TeV

fTH leptonic

{tH hadronic
VH dilepton

VH one lepton
VH Emiss

i
VH hadronic
VBF tight

VBF loose
Forward - high Py

Forward - low Py
Central - high Py

Central - low P,

0O 01 02 03 04 05 06 0.7 0.8 09 1
Fraction of each signal process per category

Jianm

Diphoton selection

\

ttH leptonic

A

ttH hadronic

v

V H dilepton
(ZH — (LH)

\

V' H one-lepton
(WH — (vH)

Y

VH Byiss
(ZH - vvH; WH — fvH)

v

V' H hadronic
(WH — jjH; ZH — jjH)

v

VBF tight
(qqV — jjH)

Y

VBF loose
(qqV — jjH)

!

Untagged
(99 — H)
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Signal Strength

The measured rate relative to the SM prediction

Signal strength: u =

o X BR

(UXBR)

SM

The quantify has a strong Higgs mass dependence due to the
normalization to the SM prediction.

It’s meaning depends on the context. It is quoted

- inclusively, or for
- specific decay final state;
- specific production process

Jianming Qian (University of Michigan) 20



H - yy Analysis

* Very simple signature, but small rate Br(H->vyy) ~ 2x103;
Important decay mode for the low mass region (100-140 GeV)

(a y (b)) w (c) X o, xBr(H — yy)~50fb

) W, Y t
n o E, *ﬁii i @ m, =125 GeV, 8 TeV
w* Y t W

~500 events in

e Irreducible background from yy production 2011+2012 sample!
a AT @ VT g MV
o(yy)~40pb
WA Y

a|

e Reducible background from yj and jj productions
WV 0 s ’ o(yj)~3x10° pb
a(jj) ~ 6x10° pb

000990,8 @

q

q  9,.000000. Y

M- 9 00000

Theoretical uncertainty Ao/o ~30%, not reliable !
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H - yy Analysis

About 40% of the photons convert into e*e™ pair, reconstruct both
converted and unconverted photons. Simple kinematic selection:

E! >25GeV; E* >035m _, E2 >025m

5000

Events / GeV

4000

3000

2000

1000

L B B
- ATLAS

130

140

-7 v+ DY
- [Ldt=2031", \s=8TeV =7
- =)
A
F s vy T7%
L *¢ .
— ’+% V]: 20%
: . it 3%
__ o“""o.
L '.',..“
- —

oo .

N Rt 2% SO

150

160

m., [GeV]

Background is dominated by genuine diphoton production.
Model it using sidebands with functional forms.
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H - yy Analysis

Full reconstruction of the Higgs decay final state, very little
else to distinguish signal from backgrounds other than mass:

m’ =2E E_ (1—cos A¢W)

Mass resolution is the key, dominated by the energy resolution.

Typical resolution ~1.5 GeV

1 . Vs=T TeV

Category oes [GeV] ogp [GeV] > g 16E UL B B A M

+ C1Eﬂt1'a.-1 _ ]Dﬁ-" 1 35 2 32 8 - ATLAS Simulation _
O = L1 - ' © 0.14F \s=8TeV =
aa] EjEﬂtl'El.-l - hlgh PTt 1.21 2.04 o L H—yy, m =125 GeV ]
£ |[Forward - low pry 1.69 3.03 \: 0.12F ” —
6 Forward - high pr; 1.43 2.59 £ - Central - high p., i
= . E

= VBF loose 1.43 253 2 01 S ]
VBF t-lght- 1.37 2.39 z 008:_ Forward - low [ _:
V' H hadronic 1.35 2.32 T 0.06F ° MC .
VH Empis 1.41 2.44 : - Model ]
VH one-lepton 1.48 2.55 0.04F E

V H dilepton 1.45 2.59 0.02F n
tt H hadronic 1.39 2.37 OGeachsosmssosdonsossbiliot’ i i L i . MShoruesacodocosssodadcs
ttH leptonic 1.42 2.45 110 115 120 125 130 135 140

m,, [GeV]
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H->vy Analysis

arXiv:1408.7084 (ATLAS)

Y weights / GeV

Y weights - fitted bkg

19.7 o' (8 TeV) + 5.1 fb” (7 TeV)

AL L L B T T T T ] T ] > ><1 03_
180/ [Ldt=45m"\s=7Tev ATLAS =4 - CMS S/(S+B) weighted sum
rsoF- [Ldt=2031" \s=8TeV 4 Data 34 O 35 Ly 9
s S/B weighted sum ) ] ~ - ¢ Data
_ ) — Signal+background ) 3@ ) .
140 Signal strength categories — 'E C —— S4B fits (weighted sum)
- === Background . @ o B component
120— — Signal =4 3 25k B 110
100 E_ my, = 125.4 GeV _E 8 2 _ ------ 120
- n E C
80— — k=) 1.5
o . GBJ :
60— = 1E
- 3 = -0 =1.1470%
40— — F O05F M, ,=124.70+0.34 GeV
20 :_ __ % 0 : 1 L L L I L 1 1 1 | L 1 1 L I 1 L 1 1 I L Il 1 1 | Il 1 L L I 1 L L 1 I 1 1 1 L
: I : (n T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
0 E ' 3 200 I B component subtracted
10 '__ —
E - 100
. E - |
0 - 0
5 3 * * i
3 -100 | | | I | I | ]
110 120 130 140 150 160 110 115 120 125 130 135 140 145 150
My (GeV) m., (GeV)
ATLAS CMS

Peak mass
Significance (expected)

Signal strength

125.4 GeV

5.20 (4.

1.17 = 0.27

124.7 GeV
5.70 (5.20)

114434

6o )

arXiv:14070558 (CMS)
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http://arxiv.org/abs/1406.3827
http://arxiv.org/abs/1407.0558

H->vy: Categories

arXiv:1407.0558 (CMS)

CMS H - yy 19.7 o' (8 TeV) + 5.1 fo ' (7 TeV)

Untagged 0 CMS H- yy 19.7fb" (8 TeV) + 5.1 b (7 TeV)
Untagged 1
Untagged 2
Untagged 3
VBF dijet 0
VBF dijet 1
VH tight |
VH loose |
VH MET
VH dijet
ttH tags
Untagged 0
Untagged 1
Untagged 2
Untagged 3
Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2
VH tight |
VH loose |

VH MET

_VHdijet RN SEENEREEE c b b by b rag
ttH lepton o 1 -2 - 0 1 2 3 4 5 6 7

- . g PR | 1
tHmultijet |, #1111 4+ 1 o | + 0 4 1 | 4

0 5 10 15 B
L

h =1.14 72

+0.26
14 -0.23

combined

[m, =1247 GeV] 9gH

=

combined -

[m, =124.7 GeV]

7TeV

RE

1 0.77
L 4 1 VBF 1.58 io_es

| +1.16

-0.16
VH

I combined+1¢

—8— per-processtic

. -0.79

8 TeV

I combined + 1o

- + )
—e— per-channel +1c ttH | 2.69 %5

Enabling the signal strength measurements for different processes:
Electroweak (Yukawa coupling)
vs strong (“Gauge” coupling) productions
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000




H->ZZ"->4¢ Analysis

The gold-plated channel over a wide range of potential Higgs mass.

Clean signature:

- 4 isolated leptons, full reconstruction;

- Mass peak over backgrounds, good mass resolution.
Small backgrounds: “_
Irreducible SM ZZ* production
and reducible Z+jets, top, ...

But even smaller signal rate @125 Ge\"’

— ~25 events in
2011+2012 samples

o(H)xBR(H— 22" —4)~2.7 fo @ 125 GeV

Selection efficiency to the 4t power of lepton efficiency:
0.74~0.25, 0.8*~ 0.41 = critical to improve lepton selection!
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H->ZZ"->4¢ Analysis

ATLAS
H— ZZ* — 4

4] selection

!

High mass two jets

VBF
Low mass two jets Inclusive
W R, 2(= 1A VBF enriched
l — VH enriched
VH-hadronic enriched
Additional lepton
W(— IV)H, Z(— Il)H VH-leptonic enriched
l ggF enriched
ggF L ggF enriched

Signal compositions
in each category

ATLAS Simulation

mu = 125 GeV
mVBF

H— ZZ* - 4]
110 < My [GBV] < 140

M ggF + bbH N\WH mZH mtH

10 20 30 40 50 60 70 80 90 100
Signal Composition (%)
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H->ZZ"->4¢ Analysis

A narrow resonance over small background from mainly
irreducible SM ZZ contribution:

arXiv:1408.5191 (ATLAS)

Events/ 2.5 GeV

ATLAS CMS

15
10

m,, (GeV)

Peak mass 124.4 GeV  125.6 GeV
Excess significance 8.10 (6.20) 6.80 (6.70)
Signal strength 1.44+039 0.93 +0.27
I\\I‘\III‘I\II ||||||||||||||||||\ TT T T[T 11T CMS ‘Ez?TeV’L:5'1fb-1:\’§:8TeV‘L:19'7fb-1
: : > T T I T T T T T T T
35 :_ ATLAS ¢ Déta _: © 35 * Data S6F T
I H— ZZ* = 4] |:| Signal (m, = 125 GeV p = 1.51) - O I:IgH*:;gﬁ GeV 314_ DEII:‘g> 05 _
30 [ \o_77ev J-Ldt=4.5 o’ B =cooma 7z 7] S?_ 30 :IZY)E ~12F
: 5 Tov J-Ldt 205 1" - Background Z+jets, f i ) B+ gm_ ]
F \s= e =20. — — - 3
25 /% systematic uncertainty ] c 25 o 2_ l ]
1 @ 5
1 = aF -
20 - W2 ‘ o H s l .,I 1
. O===10 120 130 140 150

I‘III\lII\III\II‘\III[

0
80

arXiv:1312.5353 (CMS)

—
o
L+—H—l—~|l|[l|ll[II]I]I[IIII]IIII]IIIIII

15
o)
i R
90 100 110 120 130 140 150 160 170 80 100 200 300 400 600 800
m,, [GeV] m,, (GeV)
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http://arxiv.org/abs/1312.5353

H->Z7Z*->4¢: Kinematics Exploration

Compared with H— yy, more complicated
kinematics for 4/ final states = advanced

techniques can improve sensitivity significantly:

ATLAS: Boosted Decision Tree
CMS: Matrix-Element based discriminant

— = -1
orkin FEn B { Wﬁﬁ{n:rz]‘ Mgz, . Q|HI4,:»)]
bk _ =
e Pt A (/ﬂhkg PR (g, my,, Qlmyy)
CMS (s=7TeV,L=51f";(s=8TeV,L=19.7fb” —
co 1 S [ ATLas
e 5 HoZZ »4 ¢ o 0.1
g O g Or\] \s=7TeV J.Ldl=4.5 [ -Signa\(mH=125GeVp=151)
(73) 0.8 I—N \s =8TeV J.Ldt=20.3 it I:lEaCkg“’“”dZZ“ Zijets
- a qf 0.08
= o opiti. -
\L_), = i . EEE - &
0.6¢ lll l‘- . L] ]
2 : osf . [o % f: * | 0.06
m. 055 :. .--llt'll- ..
C = s m NN - ®
o 04 OF  * oo wiiil . 0.0
| 03[ ; e
> C LI I
2 0.2 _ -0.5 sarlie.m o 0.02
© 0[1; . .. T “—':;_ —— i = % ;. ':;.
O: | o |'—.—|" l _1||\|||||_|J\1|.1||||1||1.|||1||.1_70
120 130 140 150 160 170 180 110 115 120 125 130 135 140
my, (GeV) m,, [GeV]

arXiv:1408.5191 (ATLAS)
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@ATLAS

EXPERIMENT
http://atlas.ch

m,, =125.1 GeV
p, =71.7, 47.5, 36.1, 26.4 GeV

y =86.3 GeV, My = 31'9@4(7;69\/

Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST




H->WW*-{vlv Analysis

o(H)xBR(H—>WW'" — (v('v)~224 fb
0 (e, 1) |@125Gev, 8 Tev

= ~2300 events in
2011+2012 samples

.
.
.
.
.
.
.
.
V °

14

WW from the scalar Higgs is expected

Main background:
to have different kinematics

WWw, tt, W/Z+jets, WZ/ZZ/Wy,...

The SM WW is “irreducible”

The spin correlation leads to a smaller
average opening angle between the
two leptons
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H->WW*-{vlv Analysis

| /\

ep (8TeV) e ee/p
|1 |

? T T T T T T T T T T T T T T T T T T T M
> 10 ' T o oo The background is strongly dependent
O 495k ATLAS Preliminary @ & wzzzwy ) .
b et L-z0rwt Oy E sl on the jet activity and lepton flavors
2 *) . tets +e T . . .
T ey e O et O Hir2sGey) = dividing analyses into jet bins
o _
Yk and lepton flavors
10°
10 Pre-
1 selection
10
10% 50 100 150 200 250
ETer [GeV]
nj = 0 nj = 1 nj 2 2
ﬂ22000: | [ LN DL L e
c - o -#- Data << SM (sys @ stat) —
Q 5000E- ATLAS Preliminary g " =z, - /\ 7\
L 180005 \s=8TeV, [ Ldt= 207 fb Eg ‘iiing'eTop 3
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10000k, =
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ATLAS-CONF-2013-030 Niets

arXiv: 1412.2641
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H->WW*-{vlv Analysis

Most of the signal is in the O-jet bin where the SM WW is the largest
background. Control region (CR) is used to normalize the WW
background in the signal region (SR):

N* N
CR X N ggta —
N N

MC MC Jcr

x N>R

NF MC

NSR
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H->WW*-{vlv VBF Analysis

qf
W
q
1% H
v
q W
qf

c\!50001_III['IIII[iI]I['II|I[iI[I['Illlfil[i['llli[illi_l
o - Data = SM (sys @ stat]
~ - ATLAS Preliminary o = wazzwy ]
= F \s=8TeV, [ Ldt = 20.7 b D & [ SngeTop

g 4000 B Z+jets [] Wiiets

T Howw' —>evuwpve\r +22] B g £**3 vh (x2000)

] vbt (x2000)
3000

-----------------

2000

1000

lead jet

arXiv: 1412.2641

Two tagging jets in addition to the
Higgs candidate:

- large dijet mass;

- wide separation in rapidity

b-jet veto to reduce the dominant
top background.
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H->WW*-{vlv Analysis

T e ATLAS _ CMS

> I ATLAS H—->WW*]
3 800 \5=8TeV, 20.3f0" @ mass 1254 GeV  125.6 GeV
2 i \s=7TeV, 4.5fb" : Excess significance 6.50 (5.90) 4.30 (5.80)
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& 150 ¢ Obs-Bkg — i |
o - — Bkg*syst ] . .
g 100 . 1000 8
50 [ 4 @ 500 :
0 . g 0 L1 T I O R S N NI, |

: | 1 1 1 1 I 11 1 | | 1 1 1 1 I 1 1 1 | | 11 1 1 : 50 1 00 1 50 200
50 100 150 200 250 m,, [GeV]

I

m+ [GeV]

arXiv: 1412.2641 (ATLAS) arXiv:1312.1129 (CMS)
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H—- WW?*- evuv candidate and no jets

Longitudinal view Transverse view

B

="

Run 189483, Ev. no. 90659667
Sep. 19, 2011, 10:11:20 CEST

A EXPERIMENT
http://atlas.ch




H->1t

o(H)xBR(H—7r)~1.4 pb @ 125 GeV

An important search channel at low mass, likely the only final
state for Higgs-lepton coupling measurements upon discovery.

Three search final states depending on tau decays:

H o>/ +4v (12%)
H > — (7, +3v (46%)
H >t — 7.7, +2v (42%)

Hadronic tau identification:
One or three charged tracks;
Collimated calorimeter energy deposits;
Large leading track momentum

Major backgrounds:

Z(—>71)+jets, estimated using embedding method
Multijets, estimated using same-sign events.
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H->tt Analysis: ditau Mass

Ditau mass reconstruction using the Missing Mass Calculator:
- Solving the unconstrained system by assuming neutrinos are
in the direction of the visible tau decay products;
- Weight solutions based on Etmiss resolution and decay topologies;
- Return the most probably ditau mass value

Typicalzz mass resolution ~15%.
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H->1tt Analysis: Embedding

Simulating Z->tt background using data through embedding:
- Select Z->up events in the data

- Replace the two muons ® ®
with simulated taus ~ r ~
Z—pp input /— 71T decay »> kinematic .| Z—71T decay
[eventsebcﬁon _*I generation  [* filter | simulation
arXiv: 1506.05623
> FTTTT TTTT rTTT TTTT TTTT rTTT TTTT ITTT TTTT TTTT]
8 0.12; Z—)I‘E‘E I I I I I I i @ ‘
<~ i ™ mc ] ,| merging of data and |
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c r 2 - |
) - ]
> 3 ez EMb. Uncertainty
QJ 0 . 0 8 [ [R5 —
8 i = = ] @ v
%] r ATLAS ]
s 0.06¢ b i Simulation ~ reconstruction of the
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S 0.04[ o ]
; s i
0.02 = e ]
O:T—IIIIIIIIIIIIIIIIIIIIJIIIIIllIIIIIIIII”T’I‘I—I_h‘I‘I"?"]—QZ Pileup’ underlying events and nOise
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H->tt Analysis

Large rate, but also large backgrounds, trigger and reconstruction
are challenging.

Two major categories: VBF and boosted ggF. Using MVA after basic
event selection to enhance signal-background separation.

T T T T 1 T T T T I T T T T | T T T ]
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arXiv:1501.04943 (ATLAS)
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H->tt Analysis

ATLAS CMS
@ mass 1254 GeV 125 GeV
Significance 4.50 (3.40) 340 (3.60)
Signal strength 1.437)33 0.78 = 0.27

- ATLAS
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Run: 214021
Event: 269834309

2012-11-05 09:48:46 UTC




VH with H=>bb

H — bb has an even higher rate (x10) than H — 7z, but with
no leptons, photons, nor missing ET from g

the Higgs decays

= has to rely on associated objects such
as V (W or Z) in the VH production.

Three final states:
O-lepton: vvbb (ZH);
1-lepton: {vbb (WH);
2-leptons: ((bb (ZH)

q

i

o (VH)xBR(H — bb )~ 0.57 pb
@ 125 GeV, 8 TeV

W/Z

Main backgrounds are V+jets and top production. Split the analyses

further according to p;, number of jets and b-tagging information
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VH with H=>bb

Full H=>bb reconstruction, but poor mass resolution (10-15%),
b-tagging critical to reduce V+light-jet backgrounds,
Similar sensitivities from WH and ZH

b-tagging quality mass resolution
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VH with H=>bb

Extensive categorization:

N, =2or3; p;<120o0r >120 GeV; N

Two independent analyses: dijet mass and BDT method

dijet
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VH with H=>bb

Low signal yield in O lepton (ZH) and 7 TeV data

ATLAS  1s=7TeV, [Ldt=4.7 fo"; \s=8 TeV, [Ldt=20.3 fb' ATLAS  1s=7TeV, [Ldt=4.7 ib"; \s=8 TeV, [Ldt=20.3 fb”
rrprrrrprTT T T T T T T T T T T T T T T T T T e T T T T T T R
-  — tot. — | —tot. _
stat. tot (stat syst) — otat. tot (stat syst)
+0.88 (+0.72 +0.50
2 lepton [— p—e—mn 0.947 o (X068 —0a1) — -1.61+150 (+1.22 +0.86)
7TeV = ——t—H 07146 '-1.13 -092/
1 lepton |- b—o—m 1177080 (+0.20 +022)
- +0.43 (+0.33 +0.28y _
0 leoton L p—e—i .0.35+055 (+049 +026) | o o1 06850k (“oz2 -ozs)
P | 99 052 \-044 027
Combination — &1 +0.40 (+031 +0.25\ —
Combination — 1=0=1 0.51 t g:gg ( tgg:} t%%sz ) — 0.51 -037 ( -0.30 —-0.22 )
II]IIIIIIIII|||I|I|I||||I|||I|l||l|l|l||||l| IIIIIlIll IIIIIIIIIlIIIII
14 0 1 2 3 4 5 6 7 4 2 0 2 4 6 8
best fit p=c/c__ for m =125 GeV best fit p=o/c for m,=125 GeV
H SM H SM

arXiv: 1409.6212 (ATLAS)
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VH with H=>bb

ATLAS CMS

@ mass 125.4 GeV 125 GeV

Significance l.40 (2.60) 2.10 (2.10)

Signal strength 0.52+040 1.0+0.5

Data-Background (except VZ)
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arXiv: 1409.6212 (ATLAS)
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ttH Production

Searches for additional Higgs boson in tt events
— allow direct study of the top-Higgs Yukawa coupling,

Three analyses based on Higgs decays:

t

- b

H—7r, _ "”<5
H —hadrons (bb, WW, ...), s :
H —leptons (WW, 7, ZZ, ...)

g

o(ttH)~130 fb @ 125 GeV

Multijets, b-tagging, missing ET or additional
jets to select tt events. Use MVA techniques
to reduce the hugh tt backgrounds.
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ttH with H->yy

Two analysis categories:
Leptonic: N, 21, N, =21 and £, >20 GeV
Hadronic: N, >50r6, N,,, 21 or 2, depending on jet p, and b-tagging quality

bjet

Low statistics = no smooth sidebands in the signal region, use data control
regions (loose photon identification and/or isolation) to estimate backgrounds

Events / 5 GeV
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tH with H->yy
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The analysis is also sensitive to the
tH production. Because of the
interference, the rate is sensitive to
the relative sign of the Higgs boson

couplings to W boson and to top quark
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ttH with H>bb

o0 > ttH single lepton: (£vb)(qq b)(bb)

dilepton: (£vb)(¢vb)(bb)

Consider both single lepton and dilepton final states of the top quark decays.
At least 4 b-jets and two additional jets for the single lepton final state

Categorization based on multiplicities of jets and b-tagged jets and employ
Neural Network for signal-background separation.
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ttH with H>bb

Combining bins according to S/B

(aV]
o 10° = ATLAS —4— Data Dilepton
2 Bl 19
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ttH with H->leptons

Multiple leptons are expected from ttH events with the decays
t >Wb—>(vband H—>(WW',2Z",rz) > ('s

Five distinct analyses targeting different numbers of leptons,
all candidates are required to have >1 b-tagged jets

— .  ATLAS

11274 — ATLAS - — stat. V5 =8TeV,20.3fb "
\s=8TeV, 203" 2: (itf :.')
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------ Eerecod St
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Al | Combined| [ 2.1 13 ¢
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arXiv:1506.05988 —21"
Moy =2.1715
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Rare Decay: H-> uu

Small BR(H — uu)=2.2x10™* @ 125 GeV, good mass resolution ~2 GeV,
10 times smaller than BR(H — yy) with a larger background

Clean signature, but suffer from large Drell-Yan background
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Rare Decay: H-> uu

95% CL upper limit on g of H — p™p

ATLAS CMS
@ Higes mass 1255 GeV 125 GeV
Observed 7.0 7.4
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Rare Decay: H->Zy

Atm, =125 GeV:

o, xBr(H—Zy — (ly)~2.3fb

~ 55 events in 2011+2012 dataset

ATLAS Simulation
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Rare Decay: H->Zy

(H—Zy)

SM

95% GL limit on 6(H—2Zy)/c

95% CL upper limit on g of H — Z~
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Search for H=>J/y y

H— .//l//}/ decay was proposed as a possible channel to probe the Hcc
coupling at the LHC. In the SM: BR(H — J/y y)~(2.8+0.2)x10"°

Combining J/w — uu candidates with photons and search for

a resonance at m,
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ATLAS Summary

ATLAS Input measurements
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