Higgs boson searches in fermionic final state at LHC

Search for Fermionic Higgs Boson Decays
in pp Collisions at ATLAS and CMS
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Higgs boson searches in fermionic final state at LHC

The Higgs boson in a nutshell

Fundamental interest :

The Higgs boson is the relic particle of the Elec-
troweak symmetry breaking :

SU@)LxUM)y  —  U(l)em

(Lagrangian symmetry ) (Vacuum symmetry)
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Fundamental interest :

The Higgs boson is the relic particle of the Elec-
troweak symmetry breaking :
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(Lagrangian symmetry ) (Vacuum symmetry)

Leptons

Status of couplings between the Higgs boson and other fields ?
@ Direct observation of bosonic decays

@ Direct evidence of fermionic decays

@ Indirect observation of coupling to fermion (loop-induced production)
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Higgs boson searches in fermionic final state at LHC

The Higgs boson in a nutshell

Fundamental interest :

The Higgs boson is the relic particle of the Elec-
troweak symmetry breaking :

SU@)LxUM)y  —  U(l)em

(Lagrangian symmetry) (Vacuum symmetry)

Leptons

Status of couplings between the Higgs boson and other fields ?
@ Direct observation of bosonic decays

@ Direct evidence of fermionic decays
@ Indirect observation of coupling to fermion (loop-induced production)
Key role of direct fermionic coupling :

@ Reduce experimental uncertainties on coupling & branching ratios

@ Disantangle potential new physics from SM coupling in loops
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Higgs boson searches in fermionic final state at LHC

1. Production of H(125) Oiot(H) = 22.1pb 0i(Z) ~ 10* pb
g q q w/Z g t
-=- H -- H -- H
g q q H g T
GGF (88%) VBF (6.6%) VH (5%) ttH (0.4%)
high rate but loops, low rate but tree level, low rate but clean extremely low rate and
no specific topology specific jet topology final state (leptons) busy final state
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Higgs boson searches in fermionic final state at LHC

1. Production of H(125) Oiot(H) = 22.1pb 0i(Z) ~ 10* pb
9 q q 9 w/zZ 9 t
-=- H -- H -- H
g q q H 9 T
GGF (88%) VBF (6.6%) VH (5%) ttH (0.4%)
high rate but loops, low rate but tree level, low rate but clean extremely low rate and
no specific topology specific jet topology final state (leptons) busy final state

2. Decays of H(125) (emphasis on fermionic decay)

ce (%) Z2 3 @ bb decay : largest BR, benefits from
additional lepton to reduce pp — bb + X.

T

99 (9%) .
@ 77 decay : lower BR, cleaner signature

@ cc decay : impossible in hadron collider

@ up decay : extremely low BR (0.02%),
good mass resolution
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Higgs boson searches in fermionic final state at LHC

Key particles identification (1/2)

m. =1.78 GeV
CTlife = 87 pm V. L escapingv's
17 2. hadronic final
W_ ﬂ\’<eil u_; d
BRhad =~ 65% vel V}l' 1_1 Thad ~

Romain Madar (Freiburg University) PIC2013 - 04/09/13 - Beijing, China
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Higgs boson searches in fermionic final state at LHC

Key particles identification (1/2)

m. = 1.78 GeV

CTlife = 87 pm V, 1. escaping v's

T 2. hadronic final

= e,

W H
BRhad ~ 65% ve, Vu' 1_1 Thad &~ narrower jet with lower

track multiplicities

CMS : based on hadronic

substructure
CMS Preliminary 2010,\s=7 TeV, 36 pb™
T T T

ATLAS : ~7 observables
combined in a BDT

T T
E ZomWow

0165 = ottt farL o psoger | POMIPPHOCY oe Take advantage of
0.14F ATLAS Preimiary | particle flow
0.12F e.g. T are narrow o8
01k calorimeter deposit *
0.8 04
0.06!
0.04 02
0.02

%005 01 015 02 025 03 035 04 [ 7n0(s) £
reconstructed t decay mode

Romain Madar (Freiburg University)

PIC2013 - 04/09/13 - Beijing, China

ATLAS & CMS
€~ 50%
€ ..~ 1%

jets

4/39



Higgs boson searches in fermionic final state at LHC

e
Key particles identification (2/2)

Based on b-hadron properties :

@ cT ~ few mm, higher mass

Jet.

Oisplaced tracks |~ @ Displaced vertex of high mass
—— e @ Semi-leptonic decay
LKY/ 9 ndary vertex
bt < /// Background : c-hadrons
do” v
Prompiracks Algorithm : multivariate techniques to

exploit all these properties and their
correlations (~ 5 input variables).
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Higgs boson searches in fermionic final state at LHC

e
Key particles identification (2/2)

Based on b-hadron properties :

@ cT ~ few mm, higher mass

Jet.
oupaceaacks |- @ Displaced vertex of high mass
ooy s //*W @ Semi-leptonic decay
—— /// Background : c-hadrons
do- v
Prompt tracks Algorithm : multivariate techniques to
exploit all these properties and their
correlations (~ 5 input variables).
e.g. IP related variable e.g. secondary Vertex Mass

Untuned simulation & jet flavor fractions CMS 2012 preliminary, /s = 8 TeV
£ T T

s T T i ~ + Data
E. _ 4 ATLAS Preliminary ° W
E;: 10GE JLd‘ 330pb _ESEEEE‘E?;Z?EE % ég:‘é}:gluonmlmmg
. Tamet 40 = o | ATLAS & CMS
E E
ir g €, o~ 70%
E E -quark
E > ~ 0,
M(SV) [GeV] { sc-quark 25%
~ 10
8Iight 1%

6 7 8
\FGDavlz)slgh( SV mass [GeV/c*l
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Higgs boson searches in fermionic final state at LHC

Overview

@ Search for H — bb decay
© Search for H — 77 decay
© Search for H — uyu decay

© Dedicated searches for ttH production
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Higgs boson searches in fermionic final state at LHC

e
ATLAS and CMS analyses overview

Analyzed integrated luminosity (fb71) of 7 and 8 TeV collisions J

bb final state

T final state

ATLAS __ CMS ATLAS __ CMS
GGF
VBE ) 190 VBF | 494130 49+194
VH | 47+203 50+19.0 VH - 19.0
ttH 47 19.0 ttH - 19.0

(bold : most sensitive process,

+ inclusive search in the | pu final state |in ATLAS (20.7)

Documentation :
@ ATLASH — 71 : GGF+VBF

@ ATLASH — bb: VH, ttH
@ ATLAS H — uyp : inclusive

: impossible to extract from background)

@ CMSH — 17 : GGF+VBF, VH
@ CMSH — bb:VH, VBF
@ CMS ttH : T and bb

7/39
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Higgs boson searches in fermionic final state at LHC
S for H — bb decay

Overview

@ Search for H — bb decay
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Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

Search for H — bb

Which production mode
for bb final state ?

All but gluon fusion
(Ttot(bl_J) ~ 107 pb

q q g t
-- H -~ H

q q 9 i

qqgbb final state WI/Z signature dedicated

high bkg rate

Romain Madar (Freiburg University)

most sensitive

search, see later
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Higgs boson searches in fermionic final state at LHC
S for H — bb decay

Search for H — bb

q q g t
Which production mode
for bb final state ? —H - H
All but gluon fusion . . Y .
= 7 < !
Umt(bb) ~10 pb qqgbb final state WI/Z signature dedicated
high bkg rate most sensitive search, see later
Relevant observable : my,,
ATLAS : method based on CMS : method based on R f d 1 d
Jet level correction Multivariate Regression efned energy scale an
£ g e ATLASSImulaion | 14N Simulation tegither | resolution for b-jets
z L iz ZHoNIBE 12f s 1
£, —Em E s .
< before — Eves =] T before g @ jet kinematics
1.5 after pZ<90 GeV " Hos after A
) AN 0o @ soft lepton properties
o5 E 0.4 o
y J 0.2] ]
050" 80”700 120 140 160 780 20 0 Improvement : ~ 10 — 15%

%0 80 100 120 140 160
My, [GeV] M, [GeV]

References : ATLAS-CONF-2013-079, CMS PAS HIG-13-012, CMS PAS HIG-13-011
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Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

VH production
1. Analysis strategy : number of leptons = vector boson decay

q

q
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Higgs boson searches in fermionic final state at LHC
Search for H — bb decay

VH production

1. Analysis strategy : number of leptons = vector boson decay

‘IW |
q ”<5 q
bb + Bt bb + €+ E bb+ ¢t ¢~

2. Standard Model backgrounds :
@ top quark production

@ W/Z + bb production - same final state as signal
@ W/Z+u/d/s/c (fake b-jet)
@ Multijets production (fake/non isolated lepton and b-jet)

Romain Madar (Freiburg University)
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Higgs boson searches in fermionic final state at LHC
Search for H — bb decay

VH production

1. Analysis strategy : number of leptons = vector boson decay

‘IW |
q H .  ‘
bb + Bt bb + €+ E bb+ ¢t ¢~

2. Standard Model backgrounds :
@ top quark production

@ W/Z + bb production - same final state as signal

@ W/Z+u/d/s/c (fake b-jet)

@ Multijets production (fake/non isolated lepton and b-jet)
3. Main kinematic handles :

@ 1y, reconstruction (look for a bump in my,, distribution)

@ Transverse momentum of vector boson (higher S/+/B at high p¥)
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Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

Controlling the background

General approach : global fit of data over several categories of different
background composition (ny, p‘T/ s M jets)

@ background normalization & shape

@ account for signal contamination

@ include systematics uncertainties (b-tagging, Jet Energy Scale, ...)
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Higgs boson searches in fermionic final state at LHC
Search for H — bb decay

Controlling the background

General approach : global fit of data over several categories of different
background composition (ny, p‘T/ s M jets)

@ background normalization & shape
@ account for signal contamination
@ include systematics uncertainties (b-tagging, Jet Energy Scale, ...)

OIepton IOWPT[V] 2 leptons, Iopr[V]

@

2 (Raas T

§ ATLAS Prellmmary -‘Mthmu-mm cMs F‘rellmlnary é bats

i1 5=7TeV [Ldt=47f" =1 15 = 8TeV, L =10.015" =
15=8TeV [Ldt = 203" = 20 IHD) .

-
0lep., 2 jets, 2 tags, 120<p;<l£ﬂ GeV Bwiece

re-it background

] - pre
...... E2VH(oD) (1=10)

Wbb - Pre-fit
Zbb

-08 06 04 02 0 02 04 06 08
m,, [GeV] BDT output
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Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

Signal extraction

Strategy : exploit topology differences between signal and background
@ Properties of (b, b) system (mass, angle, color connection, ...)
@ Direction of Errelative to (b,b) system
@ Consistency of (Et, /) system as coming from W decay
@ ATLAS : cut then look at my;, ; CMS : MVA (+cut based as cross check)

Romain Madar (Freiburg University) PIC2013 - 04/09/13 - Beijing, China 12 /39



Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

Signal extraction

Strategy : exploit topology differences between signal and background
@ Properties of (b, b) system (mass, angle, color connection, ...)
@ Direction of Errelative to (b, b) system
@ Consistency of (Et, () system as coming from W decay
@ ATLAS : cut then look at my;, ; CMS : MVA (+cut based as cross check)

Ap(E1,bb) ~ 1T ZH Zbb

] n

E) o T 2 3 . g T 2 3
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Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

Method validation

All these technics can be applied to extract VZ(— bb) production (very
similar signature), as a validation of the experimental method. J
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Higgs boson searches in fermionic final state at LHC

for H — bb decay

Method validation

All these technics can be applied to extract VZ(— bb) production (very
similar signature), as a validation of the experimental method. J

s=7TeV [Ldt=4.7 10"

it [+=o(t@al) Tatal 1ineertainty
ATLAS Prelim. o(sys) To—}-a%#g%eﬂtamty is=8TeV,L=1901b"
oftheo) — — vz —

VZ(bb), 7 TeV fg-i | Contived CMS Preliminary

n,= 0.1 1 H VZ(bb)
VZ,0lepton  n,, =1.1571:05 ; ——
VZ 1lepton  p =074;:08 - — ;
VZ,2leptons 1, =037 [+0.5 + : Z(w)Z(bb)
VZ(bb), 8 TeV L =192

=1

. : ;

VZ 0lepton 1 ! ; _|_. :
VZ 1lepton 1, =0. 2 ; —+ : 2(i12(bb)
VZ,2leptons 1, = 0. : ._l_.. : w154
Comb. VZ(bb) ]

M= i ;
VZ, 0 lepton .+ W()Z(bb)
VZ Tiepton 1, : & : wetigee —
VZ,2leptons 1, = 087 | R + © ) ‘

0 2 1 0 1 2 3
S

Vs=8TeV [Ldt=2031b"

ignal strength [u, ]

Romain Madar (Freiburg University)

Best fit o/og,,
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Both
experiments
measure
VZ(bb) at the
expected
rate
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Higgs boson searches in fermionic final state at LHC

Search for H — bb dec;

Results of VH(bb) search (1/3)

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

147.“&11!‘45‘#;‘;";““'4;";’.“uwu.-puwum‘.u.“i b% GJ'C‘M'S‘P"El’i"‘ﬁI’\B‘WI'IVVI‘IVII‘I‘IL
[ f : 1 % | fs=7Tev,L=501b" e~ Clovsened
121 VH(eE) {5=8TeV ILd1=2o.3fb‘ 3 g of feosTevilotoom® Stz e 4
[ —— Observed (CLs) 4 1 = [ VH(bb), BDT combined I CL, Expected = 10
10 ... Expected (CLs) (s=7TeV _[Ld1= 471 4 E ¢ CL Expected + 207
[ 1o 134 .
8- :20 19 [ @125GeV: ]
ok @125 GeV : 1% 3 -exp:0.94
r 1 & [ -obs:171
4t S —
C ] 2 Fo™
2r 18 & -
o1 20" i Y0 15 a0 15 w0 L i
e L e b b b
110 115 120 125 130 135
my [GeV] m, [GeV]
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Higgs boson searches in fermionic final state at LHC

Results of VH(bb) search (2/3)

[ ATLAS Preliminary A

c B w0 T T T
&
-2 ;3»'1'(1b)(besnm 1 o cms Prellmlnary ® Data
S 1 {s=7Tev fLdt=471" - 3 10°E fs=TreV,L=5015"
© oo - CJUncertainty 1 3 {s= 8TeV,L =19.0 5" - VH (125 GeV)
= L Vs=8TeV [Ldt=20.3b" EHED =10 | 2 h
o . i < 10
=1 0+1+2 lep., 2+3 jets, 2 tags i} . Background
@ 0.8[ Weighted by Higgs S/B B
— [ h MC uncert. (stat.)
5 L ] S
= L ]
< 0.6 a
2] - ]
@
c F ]
o L ]
2 0.4 N
° L ]
2 - ]
< — — -
E= 0.2 ] 10
] F 1 =
B 1 s td
; ; : 5 E -t et t
. ) q F] E:
05— =
- PN R B B & 1sE -
50 100 150 200 250 ¢ o — e el
8 osE s
4 35 3 25 2 45 4 15
My, [GeV] 5, (s8
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Higgs boson searches in fermionic final state at LHC
S for H — bb de

Results of VH(bb) search (3/3)

ATLAS Prelim. [==o(sta)  Tota| uncertainty f5=7TeV.L=5.0f" {s=8TeV,L=1901b"
m, = 125 GeV os¥s) v isonp o
H o(theo) = Combined CMS Preliminary my = 125 GeV
VH(bb), 7 TeV 11 a [ 1 =1.00% 0.49
w=-2.114 08 il :

. L 1

1 i i
VH, 2leptons 1 =06, - ; Z(vv)H(bb)
VH(bb), 8 TeV : ‘ ] ‘ ‘ u=104x077

B=06,,001 | ; i ; i

VH,Olepon 1 =09 ]:08 ; ; —t |
VH. Tlepton k=07 ls08 | | i —1= i Z((1*)H(bb)
VH, 2leptons Kk =-037"]s12 | —— . 1L=0.82+087
Comb.vHeB) BTl _I_ ;
S i i [ I i
VH. 0 lepton i s = i W(lv)H(bb)
VH, Tlepton ! s = i W=1.11% 087
VH, 2 leptons ; L.‘-L-. L | .
V§=7TeV[Ldt=471" 4 -2 0 2 4 2 0 2 4
Ve-8TeV[Lat-20310" Signal strength [u] Best fit 6/cg,,
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Higgs boson searches in fermionic final state at LHC
Search for H — bb decay

Vector boson fusion production

1. Analysis strategy : look at qqbb final state
@ Dedicated 4jets triggers exploiting VBF topology (high Ar;)
@ Select 2 forward jets with high m1; also specific to the VBF production
@ Apply b-tagging criteria for the non forward jets

@ Discrimination of quark/gluon jets (different fragmenation)

2. Main background : QCD production of 4 jets events

Romain Madar (Freiburg University)
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Higgs boson searches in fermionic final state at LHC

Search for H — bb decay

Vector boson fusion production

1. Analysis strategy : look at qqbb final state
@ Dedicated 4jets triggers exploiting VBF topology (high Aiyjj)
@ Select 2 forward jets with high m1; also specific to the VBF production
@ Apply b-tagging criteria for the non forward jets
@ Discrimination of quark/gluon jets (different fragmenation)

2. Main background : QCD production of 4 jets events

CMS Preliminary s = 8 TeV
T T

CMS Preliminary (s =8 TeV

Presel. & Trigger
. Data(19 01b”)

oo Sod ol o o

Data/MC

S,

R S

e e S D S ]

Romain Madar (Freiburg University)

0.2 . X 0.8 1
4th jet (btag ordering) quark-gluon discriminant

— VBF H(125)- bb
— GF H(125)- bb

PIC2013 - 04/09/13 - Beijing, China
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Higgs boson searches in fermionic final state at LHC
S for H — bb de

CMS Preliminary {5 = 8 TeV
Err T T T

10°
Signal extraction : E
Categories based in BDT (VBF ~ '*'F
tagging jets, b-tagging) 10
Then look at my,;, distribution. 10 1
Combine categories. 18
|
. 1 o

0402 0 0z 04 06 08 1 T
ANN Output
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Higgs boson searches in fermionic final state at LHC
S for H — bb de

CMS Preliminary {5 = 8 TeV
Err T T T

10°F E
Signal extraction : 10 E
Categories based in BDT (VBF ~ '*'F 1
tagging jets, b-tagging) wE 1
Then look at my,;, distribution. 10 1 E
Combine categories. I
|
. T o

08 1T
ANN Output

mpy, distribution and result :

cms 5=8TeV L=13.0" ~ N . : - -
CAT4 F  CMS Preliminary —s— CL,Observed 1
200 * Data 4 12} {s=8TeV — - CLq Expected —
; Background-only Fit r L=19.0fb" = - CLg H125 Injected ]
150 Fitt 1o 1 10; VBF H— bb N CLg Expected+ 1o i
% :;azlﬁzs GeV) x 10 r Clg Expectedt 20 ]
100 s @125GeV E
50 F -exp:30 E
-obs: 3.6 ]
) P =
- E ]
R it inti i i o =
[a} F ]
Bl S I S I R S B B B ot | | | L1
80 100 120 140 160 180 200 220 240 115 120 125 130 135
M, (GeV) Higgs Mass (GeV)
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Higgs boson searches in fermionic final state at LHC

for H — T decay

Overview

© Search for H — 77 decay
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Search for H — TT decay

Higgs boson searches in fermionic final state at LHC

Search forH — 17

Which production mode ? All of them are exploited

’

g q q w/zZ g '
-- H -- H -- H

g q q H 9 r

mostly sensitive for tagging jets lower rate, less dedicated

high p.(t,1)

most sensitive

Romain Madar (Freiburg University)

sensitive

search, see later
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Higgs boson searches in fermionic final state at LHC

Search for H — TT decay

Search forH — 17

Which production mode ? All of them are exploited

g q q W/Z g t
-- H -- H -- H
g q q H 9 r
mostly sensitive for tagging jets lower rate, less dedicated
high p.(t,1) most sensitive sensitive search, see later

Experimental challenges for H — 77 :
@ Decay of 7 pair into stable particles leads to 3 different final states
@ Reconstruction of (7, T) invariant mass (escaping neutrinos)
@ Energy scale determination of hadronic T decays (and its uncertainty)

References : ATLAS-CONF-2012-160
CMS PAS HIG-13-004, CMS PAS HIG-12-053

Romain Madar (Freiburg University) PIC2013 - 04/09/13 - Beijing, China 20 /39



Higgs boson searches in fermionic final state at LHC

Search for H — TT decay

high BR, 2 v's,
high MJ bkg (fakes),
T-based trigger

T 419%

" R

low BR, 4 V's,
very clean signature,
lep-based trigger

S
e e

high BR, 3 v's,
- Tlepthad “C|9_an signature
T 45.8% (W+jets as bkg),

lep & 1-based trigger

Romain Madar (Freiburg University) PIC2013 - 04/09/13 - Beijing, China 21/39



Higgs boson searches in fermionic final state at LHC

ch for H — Tt decay

high BR, 2 v's,
high MJ bkg (fakes),
+ T-based trigger

T 419%

" R

low BR, 4 V's,
very clean signature,
lep-based trigger

S
e e

\ high BR, 3 v's,
- Tlepthad “C|9_an signature
T 45.8% (W+jets as bkg),

lep & 1-based trigger

CMS Simulation Vs = 8 TeV ur,

= 01 0.12 . . ——
] o1a —— H—tomy, =125 GeV [ ATLAS Preliminary 2012 Data + Simulation ]
= = L o_ ]
= I:| Zow 0.1— fs=8TeV O Single particle resp. ©  Material modeling —]
E o1z [ Tprong Underh .
= F Assess V's [ o8<pl<is X Underlying event A Non-closure ]
0.1 kinem : better | %08r ' Pile-Up [ atatuncertainy
0.08 H/Z separation‘ L + Hadronic shower madel ]
: ~25% gain on| 0061 7
0.06 sensitivity L energy response ]
r 0.04 controlled at <5% 7
0.04— -
002 0.02 @ 3 o o . = ==
% 50 00 750 200 Z0 O A 4 £ z L N | £

[GaV] 20 30 40 50 60 7080 100 200

e Py [GeV]
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for H — T decay

CMS Preliminary, s = 8 TeV, L = 19.4 fb"'
T T T T

Higgs boson searches in fermionic final state at LHC

w —s— observed E
2z
h d I clectroweak
[==Hy -
p a Caco
773 bkg. uncertainty

WH+jets

100 120 140 186C

m, [GeV]

40 60 80

Common strategy :

T

G+ ap 1 pp Preselection
I +- Data
— 20 X H(125)—>t1+
B Zsr
W Z-eeun
B ifisingle-top |

[ Fake leptons
7 Bkg. uncert.
ij =130’
1s=8TeV

ATLAS Preliminary—| 4

3 45
Ne, (p>25 GeV)

T T T
t ThadTnaq H41-jet Boosted 4
a — 5x H(125)>1t
.2 !
B Multi-jet
I Others |
Bkg. uncert.

Jrat=1a0m'

Vs-8TeV
ATLAS Preliminary |

had

1t

0 40 60 80 100 120 140 160 180 200
Leading jet p, [GeV]

@ Search for a bump in ¢ on top of dominant background : Z — t7

@ Data-driven estimation of Z — 77 : use Z — it data events with p pair
replaced by simulated T pair (non T quantities are data).

@ Exploit VBF via di-jet topology (high Azj;, high m))
@ Exploit GGF at high (7, 7) boost : better RMS(E1) — better RMS (1171 )

@ Reduce and understand the fake s (see next slide)

Romain Madar (Freiburg University)
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nggs boson searches in fermionic final state at LHC
r H — 77 decay

CMs Preliminary, Vs =8 TeV, L= 19.4 fb'!
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Higgs boson searches in fermionic final state at LHC

CMS Preliminary, /s = 8 TeV, L = 19.4 fb'!
T T T T

%) ! 1
€ —e— observed 'C axis
] — — U ] -
02 F e ;s::t:nweak E ' Reduces contribution from
25000 -3 Seo 3 ] * Top bkg (true leptons)
£ bkg. uncerainty 2 *WH+jets bkg (fake lepton)
20000 |- 3 o pPT.2 (used in CMS)
ool T T ) 3 P F ATLAS uses same
oo b e ’ 3 ! kinematic properties
v slightly differently
5000 |~ - 1
— _ . Vis
Rt D; =c 085 p;
-150 -100 -50 0 50 100
D, [GeV]
2 fTias-Rrelminay Smulaton Muti-jets - —___Int,,, channel :

Multi-jets contribution

estimated via a fit on data

based on 2D templates
(used in ATLAS)

isolated 1 to estimated
this background

PIC2013 - 04/09/13 - Beijing, China 23 /39



Higgs boson searches in fermionic final state at LHC

Search for H — 1T

M. distribution
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Higgs boson searches in fermionic final state at LHC

Search for H — TT decay

Results : exclusion limit

95% CL limit on 6/cy,

CMS Preliminary, Vs=7-8 TeV, L = 24.3fb", H > 11
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4.0 7
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Higgs boson searches in fermionic final state at LHC

Search for H — TT decay

Results : compatibility with background only

CMS Preliminary, Vs=7-8 TeV, L =24.3 fb", H> 1t o T Ty
] S B B B EATLAS Prellmlnary Lot 461" 3 -7ToV ]
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Higgs boson searches in fermionic final state at LHC

Search for H — 7T decay

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb” - S B .
s [ ! j j m% 57 AtLas Preliminaty ! ! E
4 I ewer,pug,t 49 = £ . ¥ bestfit 1
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Some highlights :

@ 2.850 excess for CMS, compatible with H — 77 SM process
@ ATLAS needs to add remaining 8 TeV data
@ CMS bb + 17 combination leads to 3.4 o excess fermionic decay

@ Start to probe Higgs field properties in fermionic final state
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Higgs boson searches in fermionic final state at LHC
Search for H — TT decay

Associated production VH

F
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Higgs boson searches in fermionic final state at LHC
Search for H — 7T ¢
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Higgs boson searches in fermionic final state at LHC

Search for H — TT decay

Associated production VH

95% CL limit on o/cy,

CMS Prellmlnary CMS Preliminary
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Higgs boson searches in fermionic final state at LHC

for H — pp decay

Overview

© Search for H — uyu decay
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Higgs boson searches in fermionic final state at LHC
Search for H — pu decay

H — pyp : motivations, challenges, strategy
1. Motivations :
@ Directly sensitive to gryyy,

@ BRy yyy ~22. 10~% : small but enhanced in some BSM scenarios,
@ Clear signature : bump in My distribution.
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Higgs boson searches in fermionic final state at LHC
Search for H — pu decay

H — pyp : motivations, challenges, strategy

1. Motivations :
@ Directly sensitive to gryyy,
@ BRy yyy ~22. 10~% : small but enhanced in some BSM scenarios,
@ Clear signature : bump in M, distribution.
2. Challenges :
@ Important background : Z — pp with s/+/b ~ 0.26 (for 20 fb~1),

@ Key instrumental feature : M,,;, resolution.
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Higgs boson searches in fermionic final state at LHC
Search for H — pu decay

H — pyp : motivations, challenges, strategy

1. Motivations :
@ Directly sensitive to gryyy,

@ BRy yyy ~22. 10~% : small but enhanced in some BSM scenarios,
@ Clear signature : bump in M, distribution.

2. Challenges :
@ Important background : Z — pp with s/+/b ~ 0.26 (for 20 fb~1),
@ Key instrumental feature : M,,;, resolution.

3. Strategy :
@ Look for a bump between 110 — 150 GeV My,

@ Split events in 2 categories based on My, resolution,

@ Bkg/signal modelling : analytical shapes (fit in MC), unbinned fit

References : ATLAS-CONF-2013-010
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Higgs boson searches in fermionic final state at LHC

95% CL Limitonp
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Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Overview

© Dedicated searches for ttH production

Romain Madar (Freiburg University) PIC2013 - 04/09/13 - Beijing, China 33 /39



Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Direct access to couplings between Higgs and top quark field :
@ Test proportionality between mass and couplings
@ Higgs field properties at higher mass scale - new physics might appear
@ Constrain potential new physics appearing in loops
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Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Direct access to couplings between Higgs and top quark field :
@ Test proportionality between mass and couplings
@ Higgs field properties at higher mass scale - new physics might appear
@ Constrain potential new physics appearing in loops

2
g EEEHOG 9 TEEEOT
o(gg — H) « b L -
T g 9900990 g 00090909, T
can be . T . g
measured known if Higgs-Top we don't
coupling are measured know !
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Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Direct access to couplings between Higgs and top quark field :
@ Test proportionality between mass and couplings
@ Higgs field properties at higher mass scale - new physics might appear
@ Constrain potential new physics appearing in loops

2
g EEEHOG 9 TEEEOT
o(gg — H) « b L -
T g 9900990 g 00090909, T
can be . T . g
measured known if Higgs-Top we don't
coupling are measured know !

Extremely challenging :
@ Low production rate : 0.4% of otot(H).

@ Complex final state : leptons, 4 b-jets
(combinatorics), B, potentially ts
@ Large background systematics
(tt + b-jets, tE+ V).
References : ATLAS-CONF-2012-135, CMS PAS HIG-13-019
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Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Strategy adopted by ATLAS :
@ Focus on H — bb decay and f semi-leptonic decay
@ Not presented : tHH(— y7y)
@ Kinematic reconstruction and b-jets pairing : global fit event-by-event

Common to ATLAS & CMS : fit data in several categories to reduce
systematics on tf + b-jets / tf + V backgrounds
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Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Strategy adopted by ATLAS :
@ Focus on H — bb decay and f semi-leptonic decay
@ Not presented : tHH(— y7y)
@ Kinematic reconstruction and b-jets pairing : global fit event-by-event

Common to ATLAS & CMS : fit data in several categories to reduce
systematics on tf + b-jets / tf + V backgrounds
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Higgs boson searches in fermionic final state at LHC

Events / 20 GeV
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Higgs boson searches in fermionic final state at LHC

Dedicated searches for ttH production

Strategy adopted by CMS :
@ Exploit H — bband H — 77 decays. Not presented : t#H(— 7).
@ Make advantage of semi-leptonic and di-leptonic decays of tf system
@ Combine b-tagging, 7ID, b-jet pairing in a BDT for bkg/sig separation
@ Not presented : ttH(— ) and its full combination with t#H(— bb/TT)
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Higgs boson searches in fermionic final state at LHC

ches for ttH production

Strategy adopted by CMS :
@ Exploit H — bband H — 77 decays. Not presented : t#tH(— 7).
@ Make advantage of semi-leptonic and di-leptonic decays of tf system
@ Combine b-tagging, 7ID, b-jet pairing in a BDT for bkg/sig separation
@ Not presented : ttH(— ) and its full combination with t#H(— bb/TT)
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Higgs boson searches in fermionic final state at LHC

Combination

Lepton + Jets

Dilepton

Tau

CMS preliminary
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Higgs boson searches in fermionic final state at LHC

Higgs fermonic decays are experimentally challenging :
low production rate, high background, complicated final state J
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Higgs boson searches in fermionic final state at LHC

Higgs fermonic decays are experimentally challenging :
low production rate, high background, complicated final state J

Crucial searches to fully understand the sector of the new boson :
@ Direct measurement of coupling to fermionic fields

@ Crucial for the new boson properties measurement (talk by E. Pianori)
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Higgs boson searches in fermionic final state at LHC

Conclusions

Higgs fermonic decays are experimentally challenging :
low production rate, high background, complicated final state J

Crucial searches to fully understand the sector of the new boson :
@ Direct measurement of coupling to fermionic fields

@ Crucial for the new boson properties measurement (talk by E. Pianori)

Wide search program at LHC and first exciting results :
@ Golden channels : VH(— bb) & GGF/VBF H— 17
@ Secondary channels : ttH, VH(— 77), VBF H— bb

@ Reach SM sensitivity in the key channels (3.4 ¢ excess in 7T + bb at
CMS), and more to come with refined analysis and/or more data
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Higgs boson searches in fermionic final state at LHC

Conclusions

Higgs fermonic decays are experimentally challenging :
low production rate, high background, complicated final state J

Crucial searches to fully understand the sector of the new boson :
@ Direct measurement of coupling to fermionic fields

@ Crucial for the new boson properties measurement (talk by E. Pianori)

Wide search program at LHC and first exciting results :
@ Golden channels : VH(— bb) & GGF/VBF H— 17
@ Secondary channels : ttH, VH(— 77), VBF H— bb

@ Reach SM sensitivity in the key channels (3.4 ¢ excess in 7T + bb at
CMS), and more to come with refined analysis and/or more data

Essential step torward new physics discovery :
@ {tH and GGF offer a unique way of probing new physics in Higgs sector
@ Sensitivty to BR(H — inv) is dominated by I'(H — bb) uncertainty
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