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Introduction

Motivation

ww

» Discovery of the new
boson marks a turning
point in particle physics

iy
Q

2
e

» Important to measure its
properties in all possible
decay modes o

Higgs BR + Total Uncert [%]

» Rare decays are sensitive AR ‘
to BSM physics 7;}0‘ ' ‘100‘ ' ‘120‘ ' ‘140‘ ' ‘160‘ ' &iﬂ[‘éeefo

» This talk covers 3

X Higgs Branching Ratios
analysis channels:

» H—ptp~

» H— Zv
» ZH — IT]~ +inv.
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H — ;1+;:7
Event Selection

H — putpu~ Event Selection

> T T T T T T T T T T
H & ATLAS Preliminary 0da 2 Sia
using 2012 data (20.7 fb~1) RN =
2 oot = wzzzwy [ Zeiets
& e ) Hi125Ge
2
w

> single muon trigger
> select 2 opp. charged, isolated

| | | | | 1 | |
80 100 120 140 160 180 200 220 240 260

control region: pll < 15 GeV m,, [GeV]

my,,, after analysis selection

muons

> p1u > 25 GeV,pr , > 15 GeV

> |l <25 I ST
> pll > 15 GeV ° oo ?
>

>

resolution categories:

> |m2| < 1: central
> rest: non-central
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H — ;1+;:7
Analysis Strategy

Analysis Strategy
» fit m,,, spectrum in signal window of 110-160 GeV
» signal model: Crystal Ball + Gaussian p.d.f.
» background model: Breit-Wigner 4+ exponential p.d.f.

> 1500 ; : : ‘
8 [ ATLAS Preliminary Central 1
3 F \ T 7 2 [ fs=8Tev e Data2012 ]
1) 15 ATLAS _Prellmlnary 7 B 1000 ILm=20_7fb4 — Fit model i
© [ Simulation l s\ — Breit-Wigner |
& L Central 4 « e e Exponential A
b= |l e ms=125GeV | 500 x¥ndof=1.12 ]
4 0.5 —CB+Gaussian fit | s B
T F B
| m=124.6 GeV i - i
[ 0,223 Gev 1 L Erwes e
L FWHM=4.9 GeV i E
L L El
) 110 120 130 1100 E

m,, [GeV] 110 120 130 140 150 _ 160
m,,, [GeV]
signal model fit to signal MC background model fit to Data CR

» fit performance tested on MC and data control region
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H — ;1+;:7

Systematics

Major systematic uncertainties
experimental theoretical
Luminosity 3.6% o(gg — H) 14.1 - 15.3%

selection efficiency 0.3 —1.0% BR(H — pp) 3.1—7.0%
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H — ;1+;:7
Results

H — u™p~ Results

> no significant excess observed § | ATLAS Preliminary T ]
. . £ 60— —observed E
> observed limit on signal strength p1 3 & ZAg &% [ln=207m® 2
(&} C :2 _ 3
for my =125 GeV: 9.8 x SM N fs=8Tev E
o C |
30; é
oo 10g7 T AN T T T | £ 1
= E ATLAS Preliminary . 3 201~ -
8 F H-p'u 7 E E
S L B 10F E
% N B % [0e E b L L I L L L L | E
L :lD 0 110 115 120 125 130 135 140 145 150
10t - o i m, [GeV]
E E| 95% CL limit on p
E 1 20
102 ? + Observed Ldt = 20.7 fo* E OuthOk
i - Sig. Bxpected = 5 g Tev i » combination of 2011 and
10% 3
HsH e e T T 1 11 2012 data
local pg m, [GeV]
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H — Z~
Event Selection

H — Z~ Event Selection

z 2 W © 12001 ATLAS Preliminary —|

e ; - ; - [ ;

» using 2011 (4.6 fb—") and 2012 data wook =
1 r bkg uncertainty 1

(207 fb ) 400F —— (5=8TeV Data E

» single or dilepton trigger B E
. 40 60 80 100 120 140 160 180 200 220

» Z selection: am [Gev)

» select 2 opp. charged, isolated leptons Mee~ — Mee after analysis selection

—— 5 =8TeV Data

> |n] < 2.47, excluding 1.37 < || < 1.52
> use Am = my, — my

> (ARARRARR BN RARS RARR AR

> pT, > 10 GeV § ATLAS Preliminary 3

> \m/, — mz| < 10 GeV % Homzom g

. o E:Qoun‘ 3

» Photon selection: - E
> ET > 15 GeV Sk;\ﬁ\iena-my E

%20 40 60 80 100 120 140 160 180 200 220
Am [GeV]
My — My, after analysis selection
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H — Z~
Analysis Strategy

Analysis Strategy
» Background estimation:

» Z+,Z + Jets: 2-dimensional sideband method
» tt, WZ: estimated from MC simulated events

» signal model: Crystal Ball + Gaussian p.d.f.

» background model: 3rd order Chebychev polynomial

> T 3
3 02FT T T T - $ 350 ATLAS Preliminary =
O .18 ATLAS Preliminary 3 o ]
S 0 165 Simulation 3 2 300 v baa2012 E
.. | = = 5 E 4
z Jy: Ocp = 1.62 GeV E e E MWy e H-Zy (m, =125 GeV, 0, x20}]
g "ME Hozy.Z ~ee H,=336GeV s E
2 012 m,=125GeV E 200 3
z 0 \5=8Tev E E E
3 E E| E E
0.08F- E 150 ]
0.06f- E 100F e
0.04F- FWHM = 4.1 Gev E sk V5=87TeV, fLdt=20.7 b, Z— ]
0.02 - £ T 8393 events 1
C: ) \ | | | G’\ oot L (el L L L L J
T5%0 25 30 35 40 45 %0 % 30 3% 40 45505 60
Am [GeV] Am [GeV]

signal model fit to signal MC background model fit to Data
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H — Z~
Systematics

Major systematic uncertainties

experimental theoretical
kinematic acceptance 4.0% o(gg — H) 7.1 —=7.9% (scale),
Luminosity 3.6% 6.9 — 7.5% (PDF)
photon ID efficiency  2.9% o(ttH) 3.9 = 9.3% (scale),
e/~ energy resolution 2.4 —5.0% 7.8 —8.5% (PDF)

BR(H — Z7) 8.8—9.0%
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H — Z~
Results

Results
» Limits are set in the Higgs mass range of 120-150 GeV

> observed limit on signal strength p for my = 125 GeV:
18.2 x SM

E T T Observed Jro=aont @=7mey — Observed p,

40F Jra=asw’ 5=77ev <er Expected [ ... Expected p; ]

s 35 Jua=z070% F=sTev +lo ATLAS Preliminary |
+20

Tl

ATLAS  Preliminary

5
L

(TR ST T P TR T AT AT

95% CL limit on o(H - Zy)/a_ (HZy)

0 t 1 1 I t E| 2 L L L L L
120 125 130 135 140 145 150 1l:|120 125 130 135 140 145 150

my [GeV] m, [GeV]

95% CL limit on p local py
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ZH — It~ +inv.
Event Selection

ZH — It~ +inv. Event Selection
» using 2011 (4.7 fb~1) and 2012 (13.0 fb~1) data

» single lepton or dilepton trigger

> EMiss > 90 GeV

Z — |l event tag S . . T
B z
P 2 opp. sign leptons IS 109 ATLAS . P.revllmlnaw\(g—sTeV e
0 8 ZH - li+invisible - Top
4 pr > 20 GeV B 10 N -_—
< 107k DalaILdt:lS.O o m— Y
P ho additional lepton with » 1 g inar (sf 2!, Y5 cev)
pr > 7 GeV = 10°
5
P o jet with pr > 20 GeV. o L0
Utilize Z - Hi bal. 104
tilize Z - |ggs. aancfe 103
> Ag(ERiss, A=) < 0.2 102
> Ad, pmiss > 26 10
T 8} = E
= 1.05g =
> Agy <17 = =
< =
gmiss g 0.95¢ e
> 0.8 < Fl;,li <12 0 0.5 1 1.5 2 25 3

Acp(Z,E:“SS) [rad]
A¢Z,E}1!‘i55 before cut
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Background estimation

Background estimation

ZZ and WZ: estimated from
MC simulation

WW, Z — 7, top: estimated
using signal-free eu control
region

Z: estimated using ABCD
method in Ag(ERiss, piss)
and [E}™™ — pl|/py

W and multijet: 4 x 4 matrix

method utilizing lepton
efficiencies and fake rates

Events / 30 GeV

ZH — 71~ +inv.

50 [ e
[ ATLAS Preliminary {s=8 TeV ® Data L=130f " ]
a0 uz Wz .
L u Top ]
30f- - Signal (SM ZH, m =125 Gev) -]
201 -
10F -
0: ! |....|...._¢|_.... .:'.'.' ® I ]
0 50 100 150 200 250 300 350 400 450

El[‘“issdistribution after all cuts

» for 2011 data: WW and top estimated from MC simulation
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ZH — It~ +inv.
Systematics

Major systematic uncertainties

experimental

Z background estimation 51 — 56%

Top background estimation 90% (2011)

W and multijet background estimation 15 — 22%

Jet energy scale and resolution 3—-6%

Luminosity 1.8% (2011), 3.6% (2012)
theoretical

o(ZH) 4.9 -5.1%
Higgs pr  1.9%
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ZH — 71~ +inv.

Results

ZH — IT]~ + inv. Results

ATLAS Preliminary ...

-

» Likelihood fit to E{Piss

XBR(ZH - Il inv)

70 Oz
ZH -~ liinv)
VS=TTeV, [ Ldt=4.7t0 " —— Observed
» absence of excess 60 oo A5 00 — Errens

interpreted as upper limit on
oz X BR(ZH — llinv.)

—E
l:l +20

50
40
30

20

10

95% CL limit: 0, xBR(ZH - Il inv) [fb]

120 140 160 180 200 220 240 260 280 300
my, [GeV]
95% CL limit on oz X BR(ZH — llinv.)
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Results

ZH — IT]~ + inv. Results

» alternative scenario: recently
discovered Higgs boson
(my = 125 GeV) has large
BR(H — inv.)

— plot CL vs. BR(H — inv.)

Outlook:
» use full 2012 dataset
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1-CL

S

10

102

ZH — 71~ +inv.

—

E — Observed

FNe e Expected ]

[ ATLAS Preliminary ]

L ZH- lI(inv)

\s=7TeV, [ Ldt=4.7fb *

E Vs=8TeV, [ Ldt=13.0fb * 3

T T T T IS I E I M |

0 0.2 0.4 0.6 0.8 1
BR(H - inv)

1-CL vs. BR(H — inv.)
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Conclusion

Conclusion and Outlook
» No evidence for non-SM Higgs behavior
» 95% CL exclusion limit for SM Higgs with mass 125 GeV:

» H — pu: observed (expected) 9.8 (8.2) x SM prediction
» H — Z~v: observed (expected) 18.2 (13.5) x SM prediction

» No evidence for significant branching fraction H — inv.
» BR(H — inv.) < 65(84) % @ 95% CL observed (expected) for
my = 125 GeV
Outlook

» Improvements with Run | data possible: use full dataset

» With full Run Il data (3000/b~1): H — pup and H — Zv
might reach sensitivity to SM Higgs production rate, direct
observation possible!

TU Dresden
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Systematic Uncertainties

» H — ptpu~ theoretical

Source of Uncertainty Treatment in the analysis
o(gg — H) +14.1 — 15.3%
o(VBF) +2.7 — 3.0%

BR(H — pp) +3.1-7.0%

signal acceptance +1.0 — 4.1%
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Systematic Uncertainties

» H— ptu~ experimental

Source of Uncertainty Treatment in the analysis
Luminosity 3.6%

Muon Selection Efficiency 0.3-1% (dependent on n, pT1)
Muon Momentum Scale and Resolution < 1%

Muon Trigger < 1%

Muon Track Isolation < 1%

Pile-up reweighting < 1%
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Systematic Uncertainties
» H — Z~ theoretical

Vs Systematic uncertainty (%)

o(gg — H) o(VBF) o(WH) o(ZH) o(ttH) B(H — Z~)

scale PDF scale PDF scale PDF scale PDF scale PDF

+7.1 +7.6 +2.5 +0.2 +1.4 +3. +9.0
vy | YR e HE e o HS ot aa|  #e
8 TeV 7% 60 +0.2 5% o6 +3.4 i +3.5 53 +7.8 e
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Systematic Uncertainties

» H — Z~ experimental

Systematic Uncertainty H — Z(ee)v(%) H — Z(pup)v(%)
Signal Yield
Luminosity 3.6 (1.8) 3.6 (1.8)
Trigger efficiency 0.4 (0.2) 0.8 (0.7)
Acceptance of kinematic selection 4.0 (4.0) 4.0 (4.0)
~ identification efficiency 2.9 (2.9) 2.9 (2.9)
electron reconstruction and identification efficiency 2.7 (3.0)
o reconstruction and identification efficiency 0.6 (0.7)
e/~ energy scale 1.4 (0.3) 0.3 (0.2)
e/~ isolation 0.4 (0.3) 0.4 (0.2)
e/~ energy resolution 0.2 (0.2) 0.0 (0.0)
© momentum scale 0.1 (0.1)
© momentum resolution 0.0 (0.1)
Signal Am resolution
e/~ energy resolution 5.0 (5.0) 2.4 (2.4)
v momentum resolution 0.0 (1.5
Signal Am peak position
e/~ energy scale 0.2 (0.2) GeV 0.2 (0.2) GeV
f momentum scale negligible
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Systematic Uncertainties
> ZH — 7]~ +inv.

Uncertainty (%)

Process Estimation method
2011 2012

ZH Signal MC 7 6
zz MC 11 10
wz MC 12 14
ww MC 14 not used
Top quark MC 90 not used
Top quark, WW and Z — 71 ep CR not used 4

z ABCD method 56 51
W + jets, multijet Matrix method 15 22
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Events /5 GeV

Data/SM

H — pp muon kinematic plots

107 T T T T T
imi D %% SM (stat)
1o ATLAS Preliminary D;ﬂ‘;mp DW";;
OFE s-8Tev,[Ldt=2070" Eww O«
10° g Howw o vz E]i?f;sscev
10
10°
107
10
10"l . . . I
12 T T T T T
11E # L { :
{ - s 8§4rl + : LI
00

oo e T L i
08E, L | | ll\ |

50 100 150 200 250 300

P [Gev]

leading muon pt
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Events /5 GeV

Data/ SM

T T T
imi @ Dat: %% SM (stat)
- ATLAS Prellmlnafy 2 S tor e
Vs=8TeV, Ldt=20716" @ ww =L
. B wzzzwy [ Z+jets
10° &= How'w [ H[125Ge!

Fe
00e00,t00¢ T

7\ | L L I ) | | L
20 20 60 80 100 120 140 160 180 200
P [GeV]

subleading muon pt
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Events / GeV

H — pp signal interpolation

ATLAS Preliminary

3 ."\‘ s
2 " |

AU

140 160
my, [GeV]

100 12

central region
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Events / GeV

Simulation
Non-central

.

3

hy

ATLAS Preliminary 1

- 2R,
of “fk‘ o, ‘«2;::3&\
100 120 1)10 160
m,, [GeV]

non-central region
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H — pp signal + background fits

= 5000 =
8 E ATLAS Prellmlnary Non cenlral B
24000 Vs=8Tev e Data2012
P Ldt=20.7fb"  — Fitmodel 1
1=

o 3000 — Breit-Wigner ]

i1} C . ] > r T T ]

P Exponential 7 & 2F ATLAS Preliminary ]

E x¥ndof =094 1 ©w [ Simulation ]

L ] = [ ]

1000 B > 1.5 Non-central 7

C ] € C * m,=125 GeV ]

L " . - 4 = — CB+Gaussian fit |

T, wer ]

& 100¢ [ m=124.7 Gev ]

g ol 0.5 0.4=2.8 GeV |

-100, E [ FWHM=6.0 GeV ]

110 120 130 140 150 160 fbo 110 1é0 1é0
my, [GeV] m,, [GeV]
Background fit, non-central region Signal fit, non-central region
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H — pp background flts to MC

1500 > 5000

> A T T T T
8 r ATLAS Prellmlnary Cemral 8 r  ATLAS Preliminary Non-central
2 r (s=8TeV e Simulation 24000 Vs=8TeV e Simulation
$1000L |Ldt=207f"  — Fitmodel o [ |idt-207%" — Fitmodel
] — Breit-Wigner 3000 — Breit-Wigner
i I

------- Exponential - Exponential

500! % ¥ndof = 1.09 % %ndof = 0.98

110 120 130 140 150 160 110 120 130 140 150 160

m,, [GeV] my, [GeV]
Background fit, central region Background fit, non-central region
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Events/4 GeV

H — Z~ Am spectra

T T T T T T > T T T T T T |
> ]
ATLAS Preliminary 2 ATLAS Preliminary
H-2Zy,Z - g H.2y,Z-ee -
5] ]
Ldt=461" @ Ldt=461" E
z4y z4y E
B Z+iets B Zjets E
vz Wz -
Y bkg uncertainty kg uncertainty ]
Vs =7TeV Data ——(s=7TevData
20 40 60 80 100 120 140 160 180 200 220 20 40 60 80 100 120 140 160 180 200 220
Am [GeV] Am [GeV]
Am spectrum, muons, 2011 Am spectrum, electrons, 2011
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Events/1 GeV

H— 27 S|gna| + background fits

FT T b
ATLAS Prehmma 1
3008 + Y E 3 02FT T T T
£ = Data 2012 ] O o18f ATLAS Preliminary
250?+ H-Zy (=125 GeV,04,x20)] 2 Simulation
D Ny i O 2014 2 E s = 1.61 GeV
C 4 g
2005 E 3 H-2y,Z — n__=336GeV
E H 4 1 H =125 GeV e
150 = z Vs=8TeV
E | =
100~ 3
0 15=8TeV, [Ldt=20.7 0", Z-ee] FWHM = 4.0 GeV
E 7195 events 3 0.02-
B " | | | 3 E
0 25 30 35 40 45 50 55 60 o 1‘5 20 25 30 35 40 4‘5 50
Am [GeV] am [GeV]
Background fit, electrons, 2012 Signal fit, muon channel
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Events/2 GeV

H— Z~ Background fits, 2011

T T
ATLAS Prellmmary

—s— Data 2011

,,,,,, H-Zy (m =125 GeV, o, <20

e il

15=7TeV, fLdt= 4.6%)’1, Z..ee

. 949 events
cral L Il Ll L
30 3 40 45 50 55 60

Electron channel, 2011
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Events/2 GeV

FT T T T T 3
1201~ ATLAS Preliminary -
100 —e— Data 2011 B

S = U — H-2y (m =125 GeV,0,,x20)]

80F 4
60
a0 =
200 15=7TeV, fLdt=46 % Z-up ]
E 1330 events E
0! L il L L 1y L
25 30 35 40 45 50 55 60
Am [GeV]

Muon channel, 2011
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Events / 178 rad

Data/ MC

ZH — Il + inv distributions

H

Multet
-—

o

wz

H 22"
+ Slanal{shi 26 m, 2125 Gev)

ATLAS
ZH — II+invisible

. Da'aJ'Lm:Mm‘

Preliminary /s = 7 TeV.
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Events / 178 rad

Data/MC

-— . ATLAS  Preliminary Vs = 8 TeV
ZH — li+invisible

- .
ww . DalaILd(:]BOh

wz

0o 05 1 15 2 25 3
A(0,) [rad]

2012
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Events / 1732

Data/ MC

ZH — Il + inv distribution

10° ATLAS | Pre\umvr‘xary&:f'rev -
10°
10’
10°
10°
10*
10°

ZH - I+invisible

z
Muljet
w

-—

ww
. Daan‘Lm:Am‘ %

M 227 1w
- Signal {5\ 2, m, = 125 Ge)

e =

0.5 1 15 2 25 3
AQET* ™) [rad]

2011
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Events / 1732

Data/MC

10° EATLAS " preliminary Vs = 8 Tev S
10° )
107" DanaJ’Lm:la,om
10°
10°
10*
10°

z
Mutet
w

ZH — II+invisible

Tes e e vy

0.5 1 15 2 25 3
MEVanssﬁTrnwss) frad]

2012
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ZH — Il + inv distributions

> T T T T T T T T
> [ ]
g [ ATLAS Preliminary /5=7TeV ® Data IL a7 |
o 20 uz Wz 4
i2} [ = Top ]
£ [ ]
3 L ]
@ 15~ =+ Signal (SM ZH, m =125 GeV) —|
10 4
s L 3

50 100 150 200 250 300 350 400 450

ET™ [GeV]

MET final distribution, 2011
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Events / 1v8 rad

Data / MC

T T T
107 EATLAS  Preliminary {5 = 7 TeV. == Fioiet
ZH — I+invisible — T
— iy
Sl ifant oo

. DalaJLdl:d‘!lb‘

005 1 15 225 3
AHZE™) [rad]

A%z pmiss): 2011
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ZH — Il + inv matrix method

Nrr rnr rnf fir2 fif Nrr
Nro | _ n(l—r) n(l —£) il —r) il —f) « | NrF
Nyt 1—=ri)n (1—r)h (1—-"A)n 1-A)kH Neg
' 1-n)1-r) (@-n)1-f) @QA-A)1-r) @@-Af)1-7F) Ner

> N|1): number of events with tight/loose lepton
> N(gjF): number of events with real/fake lepton

> n,r, f, f: efficiencies / fake rates for first and second lepton

Nevent:
N = A Y fo
Wejets = D Npe X Xfh+Neg X fl Xry
i
Nevents ) i
] ! 1
Newttier = > Npp X f X f

i
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