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Evidence for H — 77 in ATLAS

Overview

@ Context : Higgs boson and fermions
© H — tt:why?

© Final state with 7 leptons : how ?
O H— t7:how?

© H — t7:results

@ Summary
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Evidence for H — 77 in ATLAS
Context : Higgs boson and fermions
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Evidence for H — 77 in ATLAS
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Evidence for H — 77 in ATLAS
Context : Higgs boson and fermions

The discovered particle has the
right couplings to gauge bosons ...
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... and is indeed a scalar!
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Evidence for H — 77 in ATLAS
Context : Higgs boson and fermions

The discovered particle has the
right couplings to gauge bosons ...
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... and is indeed a scalar!

What's about couplings to fermions ? Before 12/2013:
TeV VH(-bb): 2.80 \
CMS VH(-bb): 2.10 Not imposed by the
CMS H-TT: 2.850 « lepton gauge interaction!
- in opposition to EW bosons -
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Evidence for H — 77 in ATLAS

H — 77 :why?

Overview

© H — t7:why?
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Evidence for H — 77 in ATLAS

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 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
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Evidence for H — 77 in ATLAS

H — 77 :why?

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 g r
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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Evidence for H — 77 in ATLAS

H — 77 :why?
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Evidence for H — 77 in ATLAS

H — 77 :why?

(Ttot(bB) ~ 107 pb
(Ttot(H) = 221 pb

[

oo
v |
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Evidence for H — 77 in ATLAS

H — 77 :why?

qgbb final state,
important background
from QCD processes

- VBF topology
- g/g jets separation

S5 Proiminare, (328 JeY L=100 8]

+4

R ERRRE
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— Background-only Fit
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a
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Events /2.5 GeV
g

Data-Fit

L L 1 L 1 1 L 1 e
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My, (GeV)

@125GeV 3.6 (3.0) x SM for
observed (expected) exclusion limit

CMS-PAS-HIG-13-011
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Evidence for H — 77 in ATLAS
H — 77 :why?

Wbb/Zbb final state,
make use of W/Z decay to
extract the signal

- (semi-)leptonic decay
- missing transverse energy

EENCEDCED
No

VBF

T
< ous

ATLAS Preliminary S e

1 et et flaesrst B

{5 =8TeV Lot=203 10 [ VHBb) (1.0

Oute2lep, 203 jots, 2 tags

0.8[ weightea by Higgs 5

0.6

0.4

0.2

Weighted events after subtraction

"50 100 150 200 250
m,, [GeV]
@125GeV 1.3 (1.4) x SM for
observed (expected) exclusion limit

ATLAS-CONF-2013-079
CMS PAS HIG-13-012
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Evidence for H — 77 in ATLAS

H — 77 :why?

Quite busy final state,
and low rate: challenging !

- b-jetID
- b-jet pairing

14| ATLAS Preliminary e+ =6 jets, > 4 b tags
ffrat-a7m” —8— Dala (1= 7 TeV)

£ - 0 (125)

 —

Events/ 20 GeV'

. Singlo top
g
= Tol bhg unc.

2
B s
& osp .y, 7
];T; 100" 150 'zérll 250 ;rms 0400
Important also for top-Higgs coupling: Mg [GeV]
2
g TSy . g T @lZSGEV 13 (10) X SM for
olgg =+ H) e - T aobserved (expected) exclusion limit
T g b g O
mestired knawn f Higgs-Top we dorit ATLAS-CONF-2012-135
coupling are measured know ! CMS PAS HIG-13-019
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Evidence for H — 77 in ATLAS

H — 77 :why?

Will be fully detailed in this
seminar

H-1t is the first leptonic final state
allowing to exploit the two larger
Higgs production modes

ttH s
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Evidence for H — 77 in ATLAS

Very low rate
but can exploite the combinatorics
and the charge correlation

d/u

/ ‘ e -
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leptons
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Evidence for H — 77 in ATLAS

H — 77 :why?

Quite busy final state,
and low rate: challenging !

-b-jetID
-taulD

POSL-Fit (S+B)

CMS Preliminary Vs =8 TeV,L = 19.5fb"
el NO  YES 20
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e ° L
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Evidence for H — 77 in ATLAS

QCD background higher by several
orders of magnitude

c-jet ID (more difficult than b-jet)

-cc
YES NO
YES NO
YES NO
YES NO

EENCEDCEICE
E) NO
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Evidence for H — 77 in ATLAS

H — 77 :why?

Clean final state
but extremely low rate: challenging !

Direct access to Higgs-muon coupling
(second generation)

'Orlr bl {stat)

10° ATLAS Prehmlnary e D
Vs= BT:V]LU! 207 %7 Hww

vz

BENCETICEICES

Hop'

Events / GeV

e ‘u o b __
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Data/SM

||||||| Lol il . il "
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@125GeV 9.8 (8.2) x SM for
observed (expected) exclusion limit

ATLAS-CONF-2013-010
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Evidence for H — 77 in ATLAS

H — 77 :why?

Clean final state
but extremely low rate: challenging !

Direct access to Higgs-muon coupling
(second generation)

2 T
I G G G
NO | YES g =
YES NO -
S | YES NO -
S | YES NO - ‘e
§ e
H-s1t has a very particular role in the 5 ot Rttt s “W"
Higgs to fermion coupling measurement: o e o o aér:u'[Ge‘v]o
- exploit larger production modes @125GeV 9.8 (8.2) x SM for
- sensitivity to coupling to leptons observed (expected) exclusion limit

ATLAS-CONF-2013-010
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Evidence for H — 77 in ATLAS
Final state with T lepto

Overview

© Final state with 7 leptons : how ?
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Evidence for H — 77 in ATLAS

Final state with T leptor

Experimentally Challenging ! ]ets contamination ery frequent in hadrons collider!
m. =1.78 GeV
CTiite = 87 pum V.| L escaping u's

2. hadronic final
T state (BR~60%)

" e, U, d
T{.;-’ Vou Thad =~ narrower jet with lower
4 track multiplicities
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Evidence for H — 77 in ATLAS

Final state with T leptor

Experimentally Challenging ! ]ets contamination ery frequent in hadrons collider!
m. =1.78 GeV

CTlife = 87 pm Vc 1. escaping v's
- 2. hadronic final
T state (BR~60%)
" e,u, d
T{.;-’ VH' u Thad =~ narrower jet with lower

track multiplicities

Typical signature of hadronic T decay :

18 % 60 % AN o TRK, 22 %
Pl TRK e <. but EM Sl - 1 TRK -
/ +CAL + Al sub-cluster An‘ wide CAL
T < P TS cluster
Ty, T < e
v TRy, TRK + CAL wy
a8

@ 1 or 3isolated tracks, with possible secondary vertex reconstruction.
@ Collimated calorimeter energy deposit.

Romain Madar (F
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Evidence for H — 77 in ATLAS
Final state with T leptons : how ?

Reconstruction of 7 lepton in ATLAS

Thag candidate is built from the calorimeter (77* and 7°) and the tracking
system (%)

1. Calorimeter object :
© calorimeter cells — 3D clusters (topological cluster)

© 1.1 is defined as a jet of topo-clusters (anti-ky algorithm with AR = 0.4)
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Evidence for H — 77 in ATLAS
Final state with T leptons : how ?

Reconstruction of 7 lepton in ATLAS

Thag candidate is built from the calorimeter (77* and 7°) and the tracking
system (%)

1. Calorimeter object :
© calorimeter cells — 3D clusters (topological cluster)

© 1.1 is defined as a jet of topo-clusters (anti-ky algorithm with AR = 0.4)

2. Tracks : a track is matched if

) <0.2 Tcalo

calo!

AR(track, T,

d,<1.0 mm

/ <~ Tprimary vertex z-axis
z,sinB < 1.5 mm
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Evidence for H — 77 in ATLAS
Final state with T lepto

Reconstruction of 7 lepton in ATLAS

Thag candidate is built from the calorimeter (77* and 7°) and the tracking
system (%)

1. Calorimeter object :
© calorimeter cells — 3D clusters (topological cluster)

© 1.1 is defined as a jet of topo-clusters (anti-ky algorithm with AR = 0.4)

2. Tracks : a track is matched if N Pu”ty after T reconStrUCtlon
8 4500 BeloreTau D ATLAS PveHmmary E
0 4000F |ngjusive JatL=18m" E
T £ 3500 A 5=7Tev 3
AR(track, Tey,) <02 calo & 3000f- Data early 2011
2500F . 3
: ets |G D
p>1 GeV 2000F- J Wyo D |
1500f e E
3 W Z- 17 (mis-ID)
1000 —p E
d,<1.0 mm 500 E
/sme <15 mF,;{'mary vertex z-axis 20 40 60 80 100 120 140 160 180 200

MU, Tag.) [GEV]
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Evidence for H — 77 in ATLAS

e B R T T T T T T ™ T T
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BDT score

+ 6 others observables combined in a Boosted Decision Tree (BDT)
£,~65% - g, ~2%
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Evidence for H — 77 in ATLAS
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BDT score

+ 6 others observables combined in a Boosted Decision Tree (BDT)
£,~65% - g, ~2%

Efficiency measurement
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Evidence for H — 77 in ATLAS
Final state with T leptons : how ?

Energy calibration of 7 lepton

Why and how ?
@ ¢ x /Eq Eq, : a wrong scale will lead to shifted mass peak.
@ Use the simulation to measure the energy response

@ Use data (and MC) to estimate the uncertainty - and a potential bias
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Evidence for H — 77 in ATLAS
Final state with T leptor

Energy calibration of 7 lepton

Why and how ?
@ ¢ x /Eq Eq, : a wrong scale will lead to shifted mass peak.
@ Use the simulation to measure the energy response

@ Use data (and MC) to estimate the uncertainty - and a potential bias

Calibration Uncertainty

8 4 ‘ 1> 008 ; =

§ 1150 nlulcl’i-prflr%gl;< 03 ATLAS Preliminary | 5 0 07; ATLA7$:I_ I:/reliminary 2011 Data + Simulation E

< - i~ U s=7Te E

g 1_1: : ggé ml : (1).6 (€T : § 006 571 prong decays O Single particle resp. o Material modeling j

Fo-1 <h<13 12 F mi03 y E

1050 - 13=mi<16 \s=7TeV EN: 0.05E- U X Underlying event A Non-closure E

F 16<mi ] % E Pile-Up |:| Total uncertainty

1 ] E 0.04(- =

0.95[ 0.03 f——‘ unc ~ 3% ,_‘;,f

0.9 R Etrue E 0.02 2 o} - oL 5 = A A E

E == 1 0.01F & & 5 & & a 3

0.85E Ereco E oy - . % X g ¥ ¥
0.8% ‘2 > - 0 20 30 40 50 60 7080 100 200

20 30 40 10° 2x10 P (GeV]

Efeo [GEV] T[GeV]
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Evidence for H — 77 in ATLAS
Final state with T leptons : how ?

Neutrinos momentum : K reconstruction

Neutrinos don’t interact with the detector : they are measured using the
unbalance of the total transverse momentum. J
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Evidence for H — 77 in ATLAS
Final state with T leptons : how ?

Neutrinos momentum : K reconstruction

Neutrinos don’t interact with the detector : they are measured using the
unbalance of the total transverse momentum. J

QATLAS

oy Calorimeter based :
@ Raw: ET = — Zcell iElT/

@ Corrected for muons (only MIP),

electfon’’

@ Corrected for energy scale of each type of object

reco

Keep in mind : B "< (ZiPu) ¢
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Evidence for H — 77 in ATLAS

Final state with T leptons

Neutrinos momentum : K reconstruction

Neutrinos don’t interact with the detector : they are measured using the
unbalance of the total transverse momentum. J

Y‘_v.‘ &PI,&A',?E‘& Calorimeter based :
® Raw:Er= — Yoan; B,
@ Corrected for muons (only MIP),

@ Corrected for energy scale of each type of object

—

Keep in mind : Bt =’ (¥ ;) T

T T T T
Data 2012 default ATLAS Preliminary

% aof .
S, = Data 2012 Pile-up suppression
s o MC default e
Comments : sensitive to all the activity in the 3 | = orewsmesn Jiecaas
event (pile up, detector noise, soft radiations, ...). ;2= #tzxx‘t?;;vm
u r -
) . 3 E o dex;zmb'
Some technics are elaborated to reduce pile-up w ™ s
. - e
effect on the FErresolution. 02" enrnnen®
é 1‘0 1‘5 Zb 25

Noy
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Evidence for H — 77 in ATLAS

Overview

O H— t7:how?
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Evidence for H — 77 in ATLAS

H— 17 w ?

EEED
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Evidence for H — 77 in ATLAS
H— 17

highBR, 2 V's,
high MJ bkg (fakes),

+  t-based trigger low BR, 4 V's,

ery clean signature,

e lep-based trigger

T T
Shad S|

high BR, 3V's,
~clean signature
(W+jets as bkg),
lep & t-based trigger

All H-1r final states can be

reconstructed and analyzed
(in opposition with H-WW, with twice BR)

Romain Madar (Freiburg Universit: LAL seminar - 14/02/14
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Evidence for H — 77 in ATLAS

H—> 1T w ?
high BR, 2 v's,
high MJ bkg (fakes), )
4+  T-based trigger low BR, 4 V's,
T 241.9% ery clean signature,
H lep-based trigger
® anau Euﬂﬂ

high BR, 3 V's,
T TiepThad ~clean signature

45.8% (W+jets as bkg),

lep & t-based trigger

proton

Z-T
ireducible, m,<m,

| [Hoo]
YES i o

e Thaa = W
Multijets W (-1v) +jets
fake lepton/taus real lepton, fake taus real/fake lepton/taus
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Evidence for H — 77 in ATLAS

H — 77 :how?

s

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

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

+

high BR, 3 V's,
~clean signature
(W+jets as bkg),
lep\& t-based trigger

TiepThaa
45.8%

T
ceioction

% b aTias Preimty
58000 1ot oty

Do LEmse! 1e-arar

S S
sclection  ATLAS Preliminary clion ATLAS Preiminary—

1s-8Tev
~4-Daa
— 50x Hi12E T

\e-aTav
4 Dals
— s0xnEsl T 2

W Faks o
77 Uncant

7 Unsan, [ Fakelepion =

27 Uncen,

120 140
mi (GeV]

80
m? [Gev]

100
M [GeV]
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Evidence for H — 77 in ATLAS
H — 77 :how?

% W1+ et Preselection  ATLAS Prelimina
; o fg Jrdt=z03m" 4 Data
- — 50 x H(125)— 1t
H ~ \s=8TeV
¢ @ Mz
S Il Others
P - o I Fake ©

777 Uncert.

100 200 300
P pr (L, Thad, 1) [GeV]

gg—H is particularly subject to QCD radiations
(colored initial state, colored loop)

p.(t,1) spectrum is harder for signal
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Evidence for H — 77 in ATLAS
H — 77 :how?

S ——— :
WTy oy + €T, Pipselection  ATLAS Preliminary
JLdt=203 1 ~4- Data

— 50 x H{125)—
1s=8TeV
Bz
B Others
I Fake t
7727 Uncert.

=
a “
Events / 15 GeV

100 200 300
P TE pr(€, Thaa, Br) [GeV]

gg—H is particularly subject to QCD radiations
(colored initial state, colored loop)

p.(t,0) spectrum is harder for signal

We define a “boosted category” enriched in gg—H
70% GGF - 16% VBF - 14% VH

Romain Madar (Frei
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Evidence for H — 77 in ATLAS

ThagThaa PrES€lection ATLAS PreHminary;
[Ldt=2031" (s=8Tev

—+— Data

— 50 x H(125)—1t
| A

Il Others

0 Multijet

777 Uncert.

7

el b b bena e b el

VBF has a particular jet topology:
2 forward high p, jets

(process similar to a t-channel » | M, 2 - forward objects)

1
(1—cosh)?
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Evidence for H — 77 in ATLAS

0 T L LA |
o TadThag Preseldetion ATLAS Preliminary 7
[Ldt=2031]" (s=8Tev
—4— Data

—— 50 x H(125)->1t
- Z—=T

Il Others
I Multijet
7777 Uncent,

7

s lens ben bea b bia b el

AN
VBF has a particular jet topology:
oo
2 forward high p,jets
YES )
ss simila at-cha - M, 12 . ar ects
YES (process similar to a t-channel » | M|* o (1= cosd)? forward objects)

We define a “VBF category” enriched in VBF
75% VBF - 25% GGF
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Evidence for H — 77 in ATLAS

proton

Z- T
ireducible, m,<m,,

Multijets

fake lepton/taus

& w v
W (- Iv) +jets

real lepton, fake taus
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Evidence for H — 77 in ATLAS
H — 77 :how?

prsn ‘ For all 3 channels
Data driven : T “embedding” in Z — pp data events
Z -1 @ remove y deposits and replace by a simulated 7.
(EIEEGE, Ty, @ It's data (jets, pile-up, calo noise, soft radiations)

@ limited by data statistics

@ _
“e” E 0.18 €e+ e +py Preselection =
2 L ]
> 016 —¢— Z—1t Embedded |
v S s Z-ttAlpgen MC
5 a = L Z 1
.. 0.14 7 Emb. syst. —
Multijets g r g * /de|—130fb'1 1
fake lepton/taus 0.12- o B
r P \s=8TeV 1
0-1: g ATLAS Preliminary
0.08? » E
- — 0.06 ]
bad L -] B
004 7
. F - 1
B W 0.02} . i
W (- W) +jets me e Sesnerrennd
real lepton, fake taus 0 50 100 150 200 250 300

MMC mass m,, [GeV]

data-driven estimation!
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Evidence for H — t7in ATLAS

H — 77 :how?

proton

Z- T
ireducible, m,<m,,

L had
Multijets
fake lepton/taus

W (- v) +jets
real lepton, fake taus

Romain Madar (Freiburg Univ

For hadhad channel

data-driven estimation

Normalization: template fit using AN(T,,qThaa)
Template: events without opposite charge candidates

TyadThaa PrESElECtiON

ATLAS Preliminary
[Ldt=203f7 \s=8Tev

~¢— Data

— 50 x H(125)—1t
M 7
Il Cthers

I Multijet
777 Uncert.

1.5

) N ATy Thad)
data-driven estimation!
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Evidence for H — 77 in ATLAS
H— t7:

proton

Z-T1
ireducible, m,<m,

e

Multijets
fake lepton/taus

¢>@~<
W (- Iv) +jets
real lepton, fake taus

For lephad channel

Shape & normalization: from events with candidate
failing TaulD (anti-tau). Using a “transfer factor” to
transport the prediction in the signal region:

N(fake)sg = M)

N(antit) |cp

x N(antit)sg

F T
3-Prong

F f L dt = 20.3f"

Fake-Factor
=] g =]
o [+) o
=] 1521 B~

0.025[-4
0.02T"
0.015)

0.01

0.005[-

T
ATLAS Preliminary
is = 8Tev !

F
(stat. uncert.)

- VBF
(stat. ® syst. uncert.) |
—— Boost
(stat. uncert.) B
""" Boost
(stat. ® syst. uncert.)

0,

data-driven estimation!

Romain Madar

1 1 n il | L4 |
20 40 60 80 100 120 140 160 180 200

B, ( Touy) [GV]
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Evidence for H — 77 in ATLAS

> E T T T T |
© 25001 s, + er,,, Boosted ATLAS Preliminary|

[&]
proton o [[Lat-203f" (s=8Tev Signal Region |
~ ; —4— Data J
2 2000 — H(125)> 11 1
2 L Mz ]
Wys00 Il Others .
[ I Fake ]
Z- Tt [ 777 Ungen. ]
1000F
Most important background.
Handle to separate from the signal: 500
mass of di-tau system
00 50 100 150 200 250

mi'e [GeV]

i

-~ T[i

mH = m(T, T) %m (TViSI El ET)
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Evidence for H — 77 in ATLAS

m, reconstruction : Missing Mass Calculator

1% vis
T \ Thad
P |\
p‘q\,';fi } /4 ETi 5E

vis
& Vg T

Vr 'Vl
M,, = M(ve,ve)
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Evidence for H — 77 in ATLAS

m, reconstruction : Missing Mass Calculator

1%) i
2 T

T‘ L 1-prong- decay |
» ‘ 45<P,250 [GeV]

-]
Frem

1 Frt 6Fr

g B g
- BNTE,

gEEEEEEEE

M,, = M(vg, vzr)

L T S

Mw = M(Vf/ VT)

Romain Madar (Freiburg Univ
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Evidence for H — 77 in ATLAS

m, reconstruction : Missing Mass Calculator

%) vis

21 Thad

1-prong- decay |
45<P,250 [GeV]

. loptonc 1

siEBEEELE

M,, = M(vy, vz)

L T S

M,, = M(ve,ve)

\:l = unknown value
(1) Perform a scan over the unknowns, ie choose a config : q = (d®,, d®,, M

(2) For each configuration g, : compute the full invariant mass m,
(3) Fill an histogram of m weighted by w=PDF(q) , as a product each above PDF
(4) Final reconstruced mass, MMC, is given by the max of this histogram

mET, pvl p‘)

w1’
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Evidence for H — 77 in ATLAS

Signal extraction using the di-tau mass

Natural strategy : Use the reconstructed mass to test the presence of signal. It
was done in the last two ATLAS public results.

20 2011 - JHEP 09 (2012) 070 2012 - ATLAS-CONF-2012-160
= : : : ; r = B
7] L | > C - 1

© F How E o [ How ATLAS Preliminary
E 18j ——— ATLAS ] E 7f —-ObservedcL, JLat=46 o', 15 =7 TeV
5 16f — Expecteacr ILm=4.7lh" ] § o Elf);:ectad oL, [Ldt=13.0 Ib,\s:BTeV_:
E 14 [ 20 g € [ mm:1  with statistics E
3 12 (RS V=T TRV 1 o BF gain only: ~2.0 E
r 1 'S} [ 1

2 100 ] R 4 exp:~1.2xSM E
& 4 exp:~4xSM ] B p ]
A e E

6 8 F 1

4 . s E

Py | 1F ;

G: | | | | 1 3 0: Lesesl Leall i

100 110 120 130 140 150 100 110 120 130 140 150

m, [GeV] m, [GeV]
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Evidence for H — 77 in ATLAS
Signal extraction using the di-tau mass

Natural strategy : Use the reconstructed mass to test the presence of signal. It
was done in the last two ATLAS public results.

012 - ATLAS-CONF-2012-160

Q

20 2011 - JHEP 09 (2012) 070
T T T T

5 o = 8 : Ty
1] . - W F [— 4
L F How E| o [ Ho1 ATLAS Preliminary
& 18 T Ceneac, ATAS 1 © 7 —e-ObservedcL, [Lot=461"1s=7TeV -
c b c P i g ]
s 16 __ Expected oL, ILm=4.7|h" S e Df’;:ec‘ad & [Ldi-1an 'D"S’BTEV_-
E 14 [ 20 . E H [ mm:1  with statistics ]
o oqof Ml \s=7Te B o BF gain only: ~2.0 E
o '“f s} F 1
R 10 £ 4F exp:~1.2xSM
& 4 exp:~4xSM B P I
F E = p,~1.70
6 B s
4 E 2
of E 1=
G’ | L | | | 13 G: 1 . L L | ]
100 110 120 130 140 150 100 110 120 130 140 150
m.. [GeV1 - TN

Naive projection with 25 fb~1 : limit ~ 1.0 and py ~ 2.0 0.
Not sensitive enough to unambiguously conclude on H — 77T
Switch to a more efficient approach : Multivariate analysis (BDT)
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Evidence for H — 77 in ATLAS

* Resonance properties
— m(tT), AR(tT), etc
* VBF topology
— my, Any, NXN,
* Event activity
— Scalar & vector P;-sum
* Event topology

— my, object centralities,
Pr(t,)/P4(t,), etc

* Number of variables

— VBF: 7-9
— Boosted: 6-9
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Evidence for H — 77 in ATLAS
H — 77 :how?

Resonance properties
— m(tr), AR(tT), etc
VBF topology

- my, Any, NXN,

Event activity

— Scalar & vector Pr-sum
Event topology

— my, object centralities,

P(t,)/P(t,), etc

Number of variables
— VBF:7-9

— Boosted: 6-9

Romain Madar (Freiburg Ur

P 450;1;“,,; o, VEF | ATLAS Preliminary
5 400 [Lat=-20316" 1s=8Tev Signal Region
S F —4— Data
E 350E —20x H(125)> w0 ]
300F W 7 = 3
F Il Cthers
250 I Fake T 3
200; , 727 Uncent. 3
150F
100f
50
AR(1,7)
H-T1t W+jets ¢
v
WK
Er <
- reco
jet = Thad
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Evidence for H — 77 in ATLAS
H — 77 :how?

> 1200 T T
8 BT + €T,y VBF ATLAS Preliminar
21000 [Ldt=208t" (s=8Tev Signal Region
* Resonance properties 2 iz
o 800! Mz
— m(tr), AR(tT), etc & B Cthers
500 - Fake ©
* VBF topology ’ 77 Uncert
- ool Z
mj, Ang, XM,
* Event activity 200
— Scalar & vector Pr-sum o
0 20 40 60
* Event topology m, [GeV]
— my, object centralities, W+jets ¢
P(t,)/P+(t,), etc v
* Number of variables ﬁ{\\
T
— VBF:7-9
— Boosted: 6-9
jet "= thaa

Romain Madar (Freiburg Ur
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Evidence for H — 77 in ATLAS

% 500;1;&,% VEF | ATLAS Preliminary |
e Resonance propert—ies O :j'Ld1=20.3fb" 1s=8TeV  Signal Region |
L —e— Data 4
— m(tT), AR(tT), etc 4007 — 20xchzsom ]
[z 1
. 300 M Others 4
VBF topology o ]
- My Anij' I]J.XT]]- 200} W Uncent

* Event activity .

100

— Scalar & vector P;-sum :

* Event topology
— my, object centralities, RS
P(ty)/P(t,), etc
* Number of variables
— VBF:7-9
— Boosted: 6-9

Jets back-to-back and
with at large rapidities
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Evidence for H — t7in ATLAS

Validation of the MVA approach

Events /0.2

Multivariate Analysis exploit correlations between variables.
Are they well modelled by the simulation?

+ Difficult to assess by only looking at 1D distributions
» Can be probed by looking at <X;> versus X; in data and simulation

+ Checking the final BDT output in control regions

Validation of Z— TT modelling in control regions

o JLet=202%" fs=8Tev Sosoand CR
1 —+— Data

—— 50 % H{125p71
Wz 3
Bl Others

I nultiel

T T
ATLAS Preliminasy

7 Unear.

BDT score

Events/0.13

- ela_.,, Hnoslelo M!.Ms wem:waw
[Lat-znam’ —+ Dan

10 1e=8Te¥ 7 7 CR ;iun::'nzs;- e
tleptmd . e

I Fake = E

F Ureert,

0.5

BOT score

Romain Madar (

eiburg Univ

Events/ 0.1

[ e ety
TOO 2o o4y Bocsisd ATLAS Profiminay |
CLdi=zoamt s=aTew  ZawGR
soo-! ]

E + Dan 1
TT — 50 B ]
lepZlep Wl 7w

W pake Leston ]
7 Wnaer,

0.5 1
BOT score
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Evidence for H — 77 in ATLAS

Validation of the MVA approach

Multivariate Analysis exploit correlations between variables.
Are they well modelled by the simulation?

« Difficult to assess by only looking at 1D distributions

- Can be probed by looking at <X;> versus X, in data and simulation
« Checking the final BDT output in control regions

But also done for other backgrounds ...

@ [ T T T - T T x
S ADD0EH5ny ¥ B, Finoteg ATLAS Praliminary & EOz &2 - en v VBF ATLAS Prelimnary | T sev ey Boosted  ATLAS Pretminay
:;‘SSOOLJNI:ZUW =BTV WOR P  [Lar-mstt (s-eTer wpaancR | 5 ILdreza3in’ e Deta 1
z t — D 1 g 180p . g lee 8oy Pl on — 0K HilEsi D
23000? TT — sox H1ES 2§ 1680 Tt — 50k MIRs— ] 2 e [y 3
w |7 lep *had T 7 c 1 140 lep tlep Ml Z— 'I.',En'liIep W s ey
2500 B Orrers 4 B 2= eepp B Tssingle op
W ke 1 120) B Frsingletop WWANZZZ
co00f Fakes .y, = ol Top wwwzzz Z-1l mmeske Lo
I Fake Lepton +% Ungen.
0 . Unea.
B0}
40)
20
1 05 05 1
BDT score BDT score
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Evidence for H — 77 in ATLAS
H— 17

S

Overview

© H — t7:results
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Evidence for H — t7in ATLAS

Final distribution in the 6 signal regions

VBF category

o

T T T T
T VBF SR ATLAS Preliminary
[Lat=2031" —+- Data

— H(125)>tt
8TeVv - H(125) Tt (u=1)_|
Wzt 3
T T I Others
. Multi-jet
77 Uncert.

-0.5 0 0.5 1

T T
108 Hisa + €%sg VBF SR
JLat-2031" —+- Data

— H(125)0> %

rrrrrr H(125)- 72 (u=1)]

7272 Uncert.

0.5 1

T T
ATLAS Preliminary_|

T T T T
o+ ey +uuVBFSR  ATLAS Preliminary
Jrat=2031" —+- Data
— H(125)- 1t -
s=8TeV H(125) Tt (u=1)
. Z-
T,.T

Others
lep “lep Fake Lepton

-0.5 0 05

%

Boosted category
3,

T T T T
T BOOSIEA SR ATLAS Preliminary
[Ldt-2031" —e Data
— H(125)» t 1
Vs=8TeV H(125) Tt (u=1)

thadrhad

W Multi-jet
Uncert.

R

is=8TeV

3 T T T T
Wiygq + €T BoOSted SR ATLAS Preliminary
JLdt=203 1" -

Data
— H(125) 1t
H(125) 1t (1=1)
Zs
Others

T.T
lep "had gy Fake ©

Uncert.

0°F T T T T
6+ ey + pu Boosted SR ATLAS Preliminary
[Lat=2031" ~+- Data

o — H(2s s ]
ls=8Tev H(125)- <t (u=1)
s
T.,T, Others
lep “lep [ Fake Lepton

Uncert.
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Evidence for H — 77 in ATLAS

H — 77 : results

Run: 214021
Event: 269834309

2012-11-05 09:48:46 UTC

- QATLAS

22 EXPERIMENT

H — TyThaq candidate (data)
m(t,T) = 129 GeV, BDT= 0.99 (S/B = 1.0), m(j1,j2) = 1.53 TeV
J1.]
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Evidence for H — 77 in ATLAS

H — 77 : results

S1otf T T T T Event yield (VBF category)
‘% D::::::;,‘) ] Lep-lep | Lep-had | Had-had
> 103:_ Bl a2 =14) 3
@ 10°F e 3 Signal 5.7+1.7 | 8.7+2.5 | 8.8+2.2
£ ] Bckg 13.542.4 | 8.7+2.4 | 11.8+2.6
10 =
E E Data 19 18 19
F Hott d
105 ATLAS Preliminary | Observed (expeCtEd)
f I\@Lf;z:'m‘ ] excess of 4.10 (3.20)
18 1 1 I 1 ! _ +0.31 +0.41
R S o= 1437 g (stat.)” 3 (syst.)

R—
log(S / B)
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Evidence for H — 77 in ATLAS

H — 77 : results

B S s
5 10°F —— Den El
E 3 [] sackground @i=1.0)
ﬂ:,) ------ Background (u=0) b
u>_' 1035_ Wl s esta)
E H(128) e (u=1) E|
10°E |
r Hotr 4
105 ATLAS Preliminary E!
P fLat-203m! E
F Vs=8TeV 4
18 1 1 L. d

-3 -2 -1 N

(&, e>=(4,1)

SHM =
v -1 L‘J h
I S 8
\Y

¥

[, ] -

oo P In g,

?..

arXiv :1209.0040, ATLAS- CO?\CFZOL? 127

Romain Madar (Freiburg Uni

Event yield (VBF category)

Lep-lep | Lep-had | Had-had
Signal 5.7+1.7 | 8.7+2.5 | 8.8+2.2
Bckg 13.5+2.4 | 8.7+2.4 | 11.8+2.6
Data 19 18 19
Observed (expected)
excess of 4.10 (3.20)
— +0.31 +0.41
o= 1437 g (stat.)” 3 (syst.)
6 H_I)_: pA T T T T T T T
of [Lat-zoam'
F Vs=8Tev - 68% Contour E
4 ATLAS Preliminary : ini::'::::my b
3l 3
2} 3
N E
of E
] S I [ [ Ll
2717 0 1 2 3 4 5 6
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Evidence for H — 77 in ATLAS

H — 77 : results

Systematic uncertainties

I Source of Uncertainty ‘ Uncertainty on u I
Signal region statistics (data) 0.30
Z — (¢ nomalizalion (i.pThaa boosted) 0.13
geFdaldpy 0.12
JES 7 calibration 0.12
Top MOMMAlIZAGHON (71epThaa VBF) 0.12
Top normalization| (7)., 7h.q boosted) 0.12
Z — (¢ normalization (7 epTha VBF) 0.12
QCD scale 0.07
di-Ty,q trigger efficiency 0.07
Fake backgrounds (7., Tiep) 0.07
Thad identification efficiency 0.06
Z — 7" normalization (TiepThaa) 0.06
Thad €nErgy scale 0.06

Total uncertainty ~ 0.5
Uncertainties related to background estimation
Uncertainties related to trigger/reco/identification

Uncertainties related to theory predictions
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Evidence for H — 77 in ATLAS

H — 77 : results

Mass spectrum of the excess

70
60
50
40
30
20
10

In(1+S/B) w. Events / 10 GeV

ATLAS Preliminary
H— 1t VBF+Boosted
[Lat=20310"
(s=8TeV

—¢— Data

— H(125)> 17 (u=1.4
Bl 7o

Il Others

[ Fakes

7772 Uncert.

|

ool b

ETNATET] PO

Romain Madar (Frei

urg Uni

o [ T ]
T R et e e o
ol b eees H(150)— Tt (1=5.9)
8 | :
=0 I 1 i it A
60 80 100 120 140 160 180 200

m¥MC [GeV]

At which di-tau invariant

mass the excess peaks ?

— Mass distribution: events are
weighted by the expected significance
computed in each BDT bin

Observed excess
compatible with a Higgs
boson of 125 GeV (red line)
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Evidence for H — 77 in ATLAS

Summa:

Overview

@ Summary
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Evidence for H — 77 in ATLAS

Summa:

H — 77 probes the Yukawa couplings between the Higgs boson and
fermions, directly. Probe lepton-Higgs couplings. Constraint VBF production.

T lepton needs sophisticated algorithms and a deep undersdanding of the
experiment. Background modelling challenging.

New ATLAS analysis (MVA)

Observed (expected) evidence for H — 1T at4.10 (3.20).

Summary of the PDG
T T T T T T T
* ATLAS Preliminary H ATLA H M Pr |
not in combination : S H CMS el.
H s-7Tev: Latcasi’ ! Vs - 7TeV: [Lat < 5.1 17
** CMS Preliminary \s=8TeV: [Lats207 10" ! (5= 8Tev: [Lats 19610
not in combination H my, = 125.5 GeV H my = 125.7 GeV'
NEW' W,ZH — bb —o— W=02£07 A3 | —l@— p=115£062 Gi
H 08 .1 —e— HK=1.10£041 Ci
How H © wetd o A - n=087+029 C6"
Howw' S 0 e n=09977% Al - p=068+020 G1
H-2zz" Pole— et A D 4 p-0s2i028 Cf
: w038 ;
H—yy - u-1857 At - p=077+027 Ci
Combined - p=13370 A o W=080%014 Ci
L I I . I Lt . Lot L
-1 0 1 2 -1 0 1 2

Best fit sianal strenath (1)
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Evidence for H — 77 in ATLAS

Summary

BACK UP
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Evidence for H — 77 in ATLAS

Summary

Gauge symmetry and fermion masses

Why the couplings to fermions are crucial to measure ?
(CMS 77 + bb combination submitted to Nature Physics - arXiv :1401.6527)

m, A" A me(PrYL + Prir)
QED Boz’on mass}:l Fermion mass:

NOT gauge invariant gauge invariant

SM a]/l q) N D‘I/l q) Higgs = charged under SU(2), x U(1)

masses of gauge bosons

Interaction with W* Z°

l_ IIJL ll)R _1 Fermion masses are not SU(2),_X U(a)

SU@2)r xuy u(l)y invariant

Introducing a new field charged under SU(2), x U(1), doesn't automatically generate fermion masses.

Need to add a new term — Yukawa T Not coming from
couplings - to generate fermion masses )Lf IPL CI) II)R

gauge symmetry
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Evidence for H — 77 in ATLAS

Summary

3 types of property

© Couplings to other SM particles : observed event rates
© Mass : full reconstruction, energy resolution

© Spin/CP : polarization, angular correlation/distributions

infoonc !

"H!)LC“'E'\“"\""\“"f“"\""\""f“"
1. sH= (x,e)=(4,4) 5t [Ldt=20310" X oo
Vv ,_L X F \s=8Tev - 68% Contour ]
N Y z F rediction ]
}‘"L‘ 2w >“‘ hoo<hyy, I 4 ATLAS Preliminary ey ]
v ¢ = f ]
3 B
gg-H ttH 2 F ]
N V2 N |
? £ ]
1 ]
W VBF . E 3
0‘[ o - ~ X o i ]
‘ Ltchannel

arXiv :1209.0040, ATLAS-CONF-2012-127 15

uggF
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Evidence for H — 77 in ATLAS

Summa:

2. EurPhys.J. C72 (2012) 2062
W - 1, ' aTLAS

M L \s=TTev
i | 3 5 J.Lm:z«tpb‘

Probe T spin correlations : 100

— H ~af— 80,
< -
T T o[ ; 1" @ Data2010
H ; 5 + L —Fit
— — ! A Left-handed
- > | Right-handed

T

Be able to measure t

[ 05 1.
polarization ? YES Bf —BR _ %
pr pr '
3 Phys. Rev. Lett. 88 (2002) 051801 arXiv :1108.0670
[ r F 1
116, dSAD, HOWW)  \YBE L u ===WE H-1]
| my=160 GeV K 040 — " = o
CP odd F oS 2 e ]
0.01 0+ 0+ |
r 3 o035) 4
E [ ]
DE: 1
0.005 s 03f E
i 02sf A o = 120 GeV e
) B . E pr' 220GeV, || <2.5 =|
(]0— -'-5-0----00 ‘-;0-- 020 bvnniana b bl
: 1 150 4 o T 3 i ™

tagging jets related angles i
¢" (related T angles)
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Evidence for H — 77 in ATLAS

Summary

Statistical procedure

A 5 10 e
2 S [ATLASPreli E
gu=o = =21In(LO0, )/ L@, ) 2 e} ey =1, 18)
EJL=20.3 fb' s=8TeV _ {(q o | S+B)7
g F Hott qubi
robs Fit assuming Best fitted L u=0

_op . L
= no signal signal
o

5
@ = vector of nuisance parameters accounting for systematics

Excess of 4.10 (3.20 expected)

P, =2.0x10° (4.10)
P... —018(096) ?

u = 1437034 (stat. )04l (syst.)

100 590715 20 25 30 35 40 45q
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Evidence for H — 77 in ATLAS

ummai

: — - i — ofstatistical) Total uncertaint
ATLAS Prelim, |—ctstatistical Total uncertainty| ATLAS Prelim. |— tinclth d
125 GaV —ofsyst. incl.theory) _ My = 1255 GeV o(systincl.theo.) 4 150n
my = e __ oftheory) +iconp — o(theory)
- [+ 023[Phys. Lett. B 726 (2013) 88
o3 f 1 H-yy - 022 : L
Hott  w=1420 B ot : P —
3 = i pu=1.55 017 ;
- T T I 028|012 i ) T
Beosted w=t1288[ 08 i »—‘|—< | Hozz o al +0ss[Fiys LEII:B‘/ZE\ZEHS)EE
P : : + 020 :
VBF wa1628) 104 L .—F B ool 22 o
08 : pu=1.43 +0.17 :
o1 Co— 035 g0 i | Hr
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Evidence for H — 77 in ATLAS

Summary

Signal modeling : EW corrections of qq4' — qq'H

Motivations and goal : a
@ VBF@LOis EW : épw ~ dqcp (unlike gg¢ — H)
@ 0ot is already QCD+EW NLO : but shape effects of dgyy ?

q —

At generated level : most affected distribution is p} - HAWK

F £ Scale factor accounting
L Lo
[ pT[H] Losaco jE for kinematic effect of 3,

LO+EW E
—— LO+QCD+EW 0951

differences between red
and black : EW effects E
o8~ Theoretical uncertainty :
Fmj2<p andp,<2m,

ren

: PTH]
Gl b b by b e Lo b )
50 100 150 200 250 300 350 400 450 95"“ 085 5 100 150 200 250 300 350 400 450 500
T

At reconstructed level :
@ negligeable impact, wrt to other exisiting systematics,
@ This spectrum distortions should be kept in mind for the future.
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http://omnibus.uni-freiburg.de/~sd565/programs/hawk/hawk.html

Evidence for H — 77 in ATLAS
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Evidence for H — 77 in ATLAS

Summary

Uncertainty Affected processes Change in acceptance
Tau energy scale signal & sim. backgrounds 1-29%
Tau ID (& trigger) signal & sim. backgrounds 6-19%

e misidentified as T Z —ee 20-74%
p misidentified as 1, Z = up 30%

Jet misidentified as Z +jets 20-80%
Electron ID & trigger signal & sim. backgrounds 2-6%
Muon ID & trigger signal & sim. backgrounds 24%
Electron energy scale signal & sim. backgrounds up to 13%
Jet energy scale signal & sim. backgrounds up to 20%
E.}“'L"" scale signal & sim. backgrounds 1-12%
£h-tag b jets signal & sim. backgrounds up to 8%
£b-tag light-flavoured jets signal & sim. backgrounds 1-3%
Norm. Z production Z 3%

Z — TT category Z—=TT 2-14%
Norm. W + jets W+ jets 10-100%
Norm. tt tt 8-35%
Norm. diboson diboson 6-45%
Norm. QCD multijet QCD multijet 6-70%
Shape QCD multijet QCD multijet shape only
Norm. reducible background Reducible bkg. 15-30%
Shape reducible background Reducible bkg. shape only
Luminosity 7 TeV (8 TeV) signal & sim. backgrounds 2.2% (2.6%)
PDF (qq) signal & sim. backgrounds 4-5%
PDF (gg) signal & sim. backgrounds 10%
Norm. ZZ/WZ ZZ/WZ 4-8%
Norm. tt + Z tt+Z 50%
Scale variation signal 3-41%

Romain Madar (Freiburg Univ

LAL seminar - 14/02/14

62 /63



Evidence for H — 77 in ATLAS

Summary

JES vs n at P(jet)=40 GeV

anti-k, R = 0.4, LCW+JES + in situ correction ~ ATLAS Prelimina ry
Data 2012, V5 =8 TeV

PTFI =40 GeV [ Total uncertainty
= Absolute in situ JES
== Relative in situ JES
== Flav. compasition, inclusive jets
-------- Flav. response, inclusive jets
-+ Pileup, average 2012 conditions

0.09
0.08
0.07
0.06
0.05
0.04 ; _
0.03 %

0.02
0.01

§ tX
o Cumssmms s g E CCLCLTTTT

0 1 2

Fractional JES uncertainty

|
B-jet acceptance
l in H—=bb search l

Important region for H—1t search
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