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Talk outline

* Introduction

* CMS results on H — b bbar

* The Higgs Boson production and decay modes

* The ATLAS search of the Higgs boson decaying to a
pair of bottom quarks

* The ATLAS search on the Higgs decay to a pair of

Tau leptons A
g
TN
* CMS results on H — Tau+Tau- 15/
\'u_w \:;_
* Summary S
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Introduction

Z
Why search for the Fermionic decay of the Higgs
boson? H
— already high evidence in yy or ZZ—4l channels 7
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Introduction

* Higgs field interaction Lagrangian with fermions:

-":Fer micn [F!?J- U:I j — Gﬁ-Eﬂ“ﬁ'

- — Higgs mechanism produces mass
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Introduction

- Scale factors for couplings:
g " %

]Cf_l{'l":b, K. K, KW H:z) J

o(ZH) « BR(H — bb) ~

" \E=8TeV -
* — test of the standard -

i WW — P'vqq” =

mOdel I WW = I'vI§ T

ZZ > Tqq -

1
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SM Higgs Boson production
mechanism and decay modes

* decay to tau leptons
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The ATLAS search: 5
VH production and decay to bb

- Measure the associated vector boson
— leptonic decay into: |l, lv, vv
— use of lepton triggers

* Higgs boson decay into a pair of b quarks
— b-jets

Challenges:
* B quark identification and energy measurement I;:-"' _"
- |Identification of the leptonic decay of the vector
« Control of the background produced by decays o

Vector Bosons
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The ATLAS search:
VH production and decay to bb:
Event display

ATLAS 2011-10-24 01:59%: 15 CEST source: JiveXML_191517_78601 74 run:191517 Atlantis

* Example :
WH—-Ivb b [
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The ATLAS search:
Summay of background processes

The main background sources:
- — W + jets

* — top pair / single top

* — diboson processes

5 )
- [ ]
115 N RS B el [——0 )
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The ATLAS search: 5
VH production and decay to bb

Table 1: The basic event selection for the three channels.

0-lepton

‘ 1-lepton

2-lepton

0 loose leptons

1 tight lepton

+ 0 loose leptons

2 b-tags

Pyt > 45 GeV

P2 5 20 GeV
+ < | extra jets

] medium lepton
+ 1 loose lepton

Missing E7

EFs > 120 GeV
PR > 30 GeV
AG(ET™, p7™*) < /2
min[AG(ET™, jet)] > 1.5
AG(ET™, bb) > 2.8

ET™ > 25 Gev

ETss < 60 GeV

Vector Boson

my < 120 GeV

83 < pgr < 99 GeV

Z — vv

W lv

5 1 i
I’ ' b 1
+
FoFed F e ||| g |
= | = el L
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The ATLAS search: 5
VH production and decay to bb

Jet-energy reconstruction validation

Arbitrary Units
N
N 0

-
o)

T | | | T | | T
Resolutions

—— 16.6 GeV (14.4%)

—— 14.7 GeV (12%)

T | T T | ‘ | T T | T T T | T |
ATLAS Simulation
ZH— 1l bb

— EM+JES

—— EM+JES+u+p°°

||\|||\|||||\‘||'|‘J_L
60 80 100 120 140 160 180 200

My, [GeV]

FREIBURG



The ATLAS search: 5
VH production and decay to bb: 5
background normalization example t t:

* 1) MC generator:
* — simulation of specific
background processes

= - 8- Dat, _
| ATLAS Preliminar y ‘-xflg?gp)t(best fity
ultije
- \s=7TeV [Ldt=4.7fb" i
L ys= - -t W
4000 \15’_ 8 TeV JLdt =20.3 fbo e Ve
| ep., 3 jets, 2 tags, pT<90 GeV !ﬁw“f

Data/MC

o5, . | ooy ey ]
1 2 50 100 150 200 250
m,, [GeV]

It
Wh
Wel
Zb
Zcl

Scale factor
1.13 £0.05
0.89 £ 0.15
1.05+0.14
1.30 £ 0.07
0.89 £ 0.48
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The ATLAS search: 5
VH production and decay to bb
Observed events

2-jet, 2-tag sample

O-lepton 1-lepton 2-lepton

Process EZ= [GeV] pT[GeV] pi[GeV]
120-160(160-200] =200 90-120/120-160160-200 = 200| 0-%0/90-120{120-160|160-200
Z—w 16 09 1.0 1) <01 <01 <01 <01 <01 =01 <01 =01
Z — £f <01 =01 <01 <01 <01 <01| <01 21 0.5 0.4 0.2
W — £y 04 0.2 02 . 1.7 1.2 1.00 1.1 =01 =01} <01 <01
VH total 20 1.1 1.1 . 1.8 12 1.1 11 21 0.5 0.4 02
VH expected 11 58 6.1 95 6.6 56 61 11 2.7 22 1.1
Top 159 33 8 729 359 113, 40 166 32 8.0 0.5
W, light 21 53 27 65 27 120 7.8 <0.1] <01} =01} <01
W+b 30 10, 6.1 106 49 25 19 <01} <01] <01 <01
Z4c, light 23 81 52 21 0.5 03 01 91 12 5.6 16
Z+b 226 71 39 13 39 1.8 05 938 64 14
WW 0.5 0.1 01 1.0 0.7 03 02 <01 <01 =01
VZ 26 11| 10 20 12 76 65 60 . 4.5 22
Muldjet 48 A0 07 456 8.7 4.8 04 <01 <01 =01
72 Qg1 460 163 74| 1255 82 18
=2 + 16 =9 4 £3 x4 =2 x1
Data 20 990 458 1620 79 1282 70 22
5/EB . 0.002 0003 0006 0020002

Total Bke.
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The ATLAS search:

VH production and decay to bb
Observed events

[T | | | I | ! |l ‘ I I I I I | | | T I
- ATLAS Freliminary V(o) st ) VZ: irreducibe background

600 \s=7Tev [Ldt =47 mvz -
- Uncertainty B
[ is=8TeV [Ldt=2031b" I VHBb) (u=1.0) ]

L 0+1+2 lep., 2+3 jets, 2 tags —

%
-
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o
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o
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Events after subtraction
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The ATLAS search: 5
VH production and decay to bb
Results for SM expectations

ATLAS Prelim, "'gg;a'st)) Total uncertainty ATLAS Prelim. *gzz;ast)) Total uncertainty
oitheo) | F 1O ONL, m, = 125 GeV othesy | TloOnp

VZ(bb), 7 TeV ; : § VH(bb), 7 TeV .1

4|09

VH, 2 lepions 1t = 06+;2

VH(bb), 8 TeV
n=06""

+1..5
VH, 2 leptons 1 =-0.3

Comb. VH(bb)
u =

VZ, 2leptons U

vz~ T-04 1=

Comb. VZ(bb)

=

i

P

?

—

+0. D | e +1.5
VZ, 2 leptons =0.8", [+0. : ' VH, 2 leptons  n=-0.4 "

1s=7TeV [Ldt=47fb" ! \s=7TeV [Ldt=47fb"
Is=8TeV [Ldt=203fb" Signal strength [uvz] is=8TeV [Ldt =20.3 fb”

— No significance for the 125 GeV Higgs decay to a
15 pair of bottom quarks
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The ATLAS search: 5
VH production and decay to bb
Results for SM expectations

For m(H) = 125 GeV:
— No significance

95% C.L. Upper limit
for SM expectation:

95% C.L. limit on o/c,,

— expected: 1.3
(for absence of signal)
— measured: 1.4

16

_IIIIIIIIIIIlIIII
. ATLAS Preliminary
— VH(bb)

| —— Observed (CLs)

- [+ 16
T [ J+26

\s=8TeV

Expected (CLs) \s=7TeV
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_IIIIII 1
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The CMS search for H —» bb:

Results

Results from all channels summed up
weECMS $ e Data -

{s= 7TeV,L=5.01f" By v

s0° b V5= 8TeV,L=18.9 " [ | Background

pp — VH; H— bb ——— VH(bb) 125 GeV

95% C.L for CSxBR
(form(H) = 125 GeV )

— expected 0.95

— observed: 1.89

Entries 7 0.25
=

—— Background uncert.

Signal significance over E

background Eower=em ]
— expected: 2.1 =
— measured: 2.1
(high sensitivity of search) BTTET

0.5 — B

— signal strength: p=1.0 £ 0.5 | ; o NE
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The CMS search forH — bb:
Results

Comparison with standard model signal strengths

fs=7Tev,L=50f" {==8TeV,L=180%"

T I LI L I LI I LI B B B B B B l .
CMS 4 BestFi

st Fit
fs=7 TeV,L=5.0fb" B 2% CL
E=BTe‘u';L=1g_5m"' [ 95% CL

5M Higgs boson -
pp — VH; H — bh, m_=125 GeV

CMS m,, = 125 Ga\
po — WH; H—bb
Combined = 1.0 0.5

Z(wwIH(bb)
p=10:08

Z(ITH(bb)

4 g 1 2
Best fit p
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The ATLAS search of the decay of the

Higgs Boson to the Tau+ Tau- final state:
Tau Decay Modes:
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The ATLAS search for the decay of the
Higgs Boson to the Tau+ Tau- final state:
Analysis categories

~ 2 exclusive production categorys:

- VBF:
- 2 jets
* Large An separation
* background: gg-fusion and VH
production
* Boosted: ™K

* gg-fusion — large pT(H) <59
* Reason: IS gluon readiation i
* Fail in VBF category required I
* background: VBF and VH processeé
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The ATLAS search of the decay of the
Higgs Boson to the Tau+ Tau- final state:
Selection criteria for the categories

- Category | Selection

pr(j1) (GeV)
pr(j2) (GeV)
An(j1: J2)
b—jet veto for jet pr (GeV)
| py (GeV)
pr(J1) (GeV)
Boosted pf (GeV)
b—jet veto for jet pr (GeV)

21
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The ATLAS search of the decay of the
Higgs Boson to the Tau+ Tau- flnal state:

* Boosting: overlap different DT's
- BDT output:
- Range between -1 and 1

- — 1 :signal-like /il

* — -1 : background-like g

E~y8\ Q@
= BDT training |§‘x-¢*
* VBF : VBF samples \E, ‘-r"'

* Boosted : gg-fusion, VBF, VH sampe’%

1--.-.
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The ATLAS search of the decay of the
Higgs Boson to the Tau+ Tau- final state:
MMC: invariant mass reconstruction

* Problem: Neutrino energy lost in Tau decay

- —-MMC: Missing Mass Calculator

::,EI_E 2 I PR T }Edﬂ||||_
g 018 WTpzy * €Tpgp INCl. =1 jet - ATLAS Preliminary w 5opEee + ep + pu VBF ATLAS Preliminary
f D-'1Er-_ — 7T E 200 J Lat=203f" fE=5&TeV Signal Region 3
L S - — H{125)—Tr 120 ! * Data 3
5 0.14 n - — H{125} 17 ]
i < 160 Bz—n E
= 0.12 g 140 Il Cthers -
o 1 .| Fake Lepton ]
s 01 120 *e 3
e Uncert. ]
2 0.08 100 - U
I [ 30 E
0.06 .
0.04 60 E z
oz 40 3 D
Lon B 20 4
0 50 100 150 200 % 100 1m0 200 250 m
I I
mﬂ""‘: [GE"U"'] mﬂh‘lﬂ [GE".I"]
23 Z: .



The ATLAS search of the decay of the
Higgs Boson to the Tau+ Tau- final state:
Background estimation

« Z — Tau+Tau- (main)background: ,embedding“-method

* — take Z — pp data, replace y by simulated Tau decay

simulated
T decay

i a )
replace inner cone o,
add outer cone

24
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The ATLAS search of the decay of the

Higgs Boson to the Tau+ Tau- final state:
Background estimation
~ Example: single top quark and top-pair production |GaSELltl -

» : .- b
Control region: inverted b-tag veto (>0 tags) q .t
it ' | 1 o F T T T 3 -
S | es+ep+ pp VBF ATLAS Preliminary | c 35 Dni_ee + ep + py Boosted ATLAS Preliminary J g t _
011000l Ldt=203f" [5=8TeV top-quark CR ] @ F[Ldt=203f" {5=8TeV top-quark CR ] b
i —~+- Data ] 3000F —+- Data 3 w-
[ — 50X H(125}= 1T | - — 50 H(125) 1T 7
800 T pasy . 2500k T A 3

BN Z— eepp 1 C BN Z— eepp
B (f+singletop ] 2000~ B (F+single-top
wamzzz A - wwwz/zz
—— [ Fake Lepton | 1500L [ Fake Lepton
Uncert. Uncert.

6001

2 ==3

b-jet multiplicity b-jet multiplicity

Boosted
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The ATLAS search for the decay of the

Higgs Boson to the Tau+ Tau- final state:
validation of simulations in the control
regions

« Example:T(lep)T(lep): Z—ll enriched control region
inverted cut on m(TT,vis) : 80 GeV < m(TT,vis) < 100 GeV)

es+ ep I-I- pu WBF I A]'!L.AS F'nEIinI*nimEar:.l E
+— Data
—— 50 % H{125}— 11 3
Mz ]
I E— espp 1 I E— eepp 3
B s single-top 3 B :f+single-top ]

WWaWaZz E WWWEZES
B Fzke Lepton ] P Fake Lepton
Uncert. . Uncart.

N
ee + ep + py Soosted ATLAS Preliminary 3
_{Ldt=2EI.EI = +- Daia =
— B0 x H({125)}— 17 1
Bz

(s=8TeWw F—IICR

Events 0.1
Events f 0.1

f==8TeV Z—=NCR

1 - -0. ) 1
BDT score BODT score

26
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The ATLAS search of the decay of the
Higgs Boson to the Tau+ Tau- final state:
signal analysis

* Example: T(had)T(had) signal region

T T I T T L] T | T T r__ T T L] T I T T T T
ATLAS Preliminary J TondTeag Bo0sted SR

#— Data

rrrrr rr ot

{ Ldt=203%" #— Daia
— H{125}— 17 4 - — H[125}— 1T
H{125— 1 {p=1} | f==5TeV H[125— 11 (p=1)
7 é B 7T
Bl Cihers ] Bl Cihers
I Multi-jet ) B Muiti-jet
Urnicert. Uneceri.

Events S 0.1

—
L
T
wl
—
-
Lk
=
L

1 - -0. . 1
BDT score BDT score

Boosted

27
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The ATLAS measurement of the Tau+
Tau- final state: signal analysis

= T(lep)T(had): signal region

28

e
‘_.
L
—
w
—
=
L]
=
L

| pr +er VBFSR
[ Lat=203 7"
L (5=58Tev

1 T 7
ATLAS Preliminary_
#— Data E
— H{125}— m J
H125 m (=1

B E— 1T 3
Bl Cihers .
W Fake T
Uncert. E|

|

E

1 L 1 1
BDT score

Brents /0.13

LI UL I I BN
uT,,. + &7, Boosted SR ATLAS Freliminary |
#— [iats
— H{128—~ T
[z=8Tev H{125— 1T [p=1]) ]
2= 1T -
B Cthers ]

W Fake T
Ungart.

1 1 L L
BOT score

@ Boosted
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The results of the ATLAS search of the
decay of the Higgs Boson to the Tau+

Tau- final state:
* signals from all BDT channels combined

= signal significance:

— expected: 3.2 0
— observed: 4.1 0

— evidence for decay:

H— 1+ 1-

* signal strength:

29

u=1.0(+0.5/-0.4)

Result compatible with
SM

Events / bin
Q

—
o
(%]

10}

2,

E —s— [Data
;—‘-—I . |:| Background (u=1.4) E
------ Background {u=0) -
Z H(125)—11 (1=1.4)
ﬁI_I_LEL H(125)—TT (u=1) E
- HoTT =T |
— ATLAS Preliminary ﬁ_l_‘— 3
- [Lat=2031" :
- Vs=8TeV
- ZZ | e | 1
3 2 -1 0 1

log(S / B)
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The results of the ATLAS search of the

decay of the Higgs Boson to the Tau+
Tau- final state:

70E ATLAS Preliminary —4— Data =

* log(1+S/B) weighted signal [ sttt
F [ Ldt=203m" B Others -
2 =T A

40f
30f
20}
10F

— comparison of different
mass hypotheses

N{1+S/E)w. Events F 10 Gey

i I;H(125}—:1'r{|.l=1-4]
[ e H{D)— 77 {p=1.8)
- -es H{150)— 17 (u=5.9) g

|||||||

-
=

w, Data-Bkqg.

=

m'© [GeV]

(b)

30

50 80 100 120 140 180 180 200 |
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The results of the ATLAS search of the
decay of the Higgs Boson to the Tau+
Tau- final state: Results

ATLAS Prelim. |—ctstatistical) Total uncertainty

_ — g(syst. incl. theory)
my = 125 GeV — o{theory) t1o0on
+03 . : N

H— 7T

-2 Aln(L)

Boosted =125z 08

VBF

- ATLAS Preliminary

O [Ldt=20.37b" 5=8 TeV

H— T,.,T.q

Boosted 12za8

VBF

o

s=8TeV [Ldt=20.3fb"  Signal strength (u)

31

—H =17
—H - TepTlep

—H- Tiep had

—H = TeaTha

3 4
Signal Strength (u)
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The CMS results of the search on the

decay of the Higgs Boson to a pair of Tau

leptons
* For m(H) = 125 GeV:

— |local significance over
background only hypothesis:
— expected: 3.7
— observed: 3.2

— signal strength:
u= 0.78+0.2

— evidence for Higgs Boson
coupling to tau leptons

32
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T
M
=
=
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1500

—
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=
=

S/ (S+B) Weighted dN/dm_ [1/GeV]

=
T 1

CMS, 4.9 fb™

at 7 TeV,19.7fb" at 8 TeV

I
W, €T, T, el

40

20F

0

20k

40

L |
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[ ekg. uncertainty
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The CMS results of the search on the
decay of the Higgs Boson to a pair of Tau
leptons

CMS H—1r, 49107 at 7 TaV, 19.7 b7 al 8 Tav CMS H-1r, 49107 al 7 TaV, 19.7 107" al & Tov

T I L) L] L] I L] L] ¥ I - " L] 1) L] I n T " L] I L] ¥ n T I L] 1) L] ¥
e hEarvEd o - _ 5% CL
Farabollc fit J | my, =125 GeV

wr=== H {125 GaV} Expected | i B8% CL

[ 17 Expected
| £ 35 Expacted

— measured m(H):
m(H) =122 £ 7 GeV

33
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Summary:
Higgs Boson decay to fermions
For m(H) = 125 GeV:

bb decay of the 125 GeV Higgs Boson

— ATLAS: no significance
u=0.2+£0.5(stat.) £ 0.4(syst.)

— CMS : observed significance for signal 2.1
u=1.0x£0.5

* 1+1- decay of the 125 GeV Higgs Boson

— ATLAS: significance for signal 4.1
u=1.0(+0.5/-0.4)

— CMS : significance for signal 3.2
u= 0.78£0.2
measured: m(H) = 122 £ 7 GeV

’b:#'l -

FREIBURG




Summary:

CMS combined results for the Higgs

Boson decay to fermions

20

Vs=7TeV,L=5fb " vs=8TeV, L =19-20 fb

18 -

NS TS N

my =125 GeV

VH — bb
——H->11
Combined

Standard
model

|
35 00 02 04 06 08 10 12 14 16 18
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Thank you for your attention
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