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Evidence for H — 77 in ATLAS

Overview

© General context
© H — t7: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

General context
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Evidence for H — 77 in ATLAS
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Evidence for H — 77 in ATLAS
General context

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
General context

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 — tt: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
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.
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Evidence for H — 77 in ATLAS
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+ 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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+ 6 others observables combined in a Boosted Decision Tree (BDT)
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Evidence for H — 77 in ATLAS

Overview

O H— t7:how?

Romain Madar (Fi it LPNHE seminar - 21/02/14 10 / 47



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)
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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
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Evidence for H — 77 in ATLAS
H — 77 :how?
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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
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Bz
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I Fake t
7727 Uncert.
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Events / 15 GeV
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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
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Evidence for H — 77 in ATLAS

0 T L LA |
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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

@ _
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data-driven estimation!
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Evidence for H — t7in ATLAS

H — 77 :how?

proton

For hadhad channel

data-driven estimation
Z-T

e Normalization: template fit using AN(T,,qThaa)
Irreducible, <m, . . .
MM Template: events without opposite charge candidates
w0 T
> . TyadThaa PrESElECtiON ATLAS Preliminary
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- ~¢— Data
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L had — 50 x H(125)—1t
Multijets
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M 7
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I Multijet
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W (- v) +jets
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0.5 15

) N ATy Thad)
data-driven estimation!
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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
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r 1 'S} [ 1
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A e E

6 8 F 1

4 . s E
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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 ]
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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
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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
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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
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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
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E E Data 19 18 19
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R—
log(S / B)
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Evidence for H — 77 in ATLAS

H — 77 : results
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Event yield (VBF category)
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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

Romain Madar (Freiburg Uni itd LPNHE seminar - 21/02/14 28 /47



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)

LPNHE seminar - 21/02/14

29 /47



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

Run: 214021
Event: 269834309

2012-11-05 09:48:46 UTC

- QATLAS

22 EXPERIMENT

H — TyThaq candidate (data)
m(t,7) = 129 GeV, BDT= 0.99 (S/B = 1.0), m(j1,j2) = 1.53 TeV
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Evidence for H — 77 in ATLAS

Summary

BACK UP

Romain Madar t: LPNHE seminar - 21/02/14 33 /47



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

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

AR(track, T,

)<0.2

calo!

d,<1.0 mm

calo

/‘_’ Primary vertex
z sinf < 1.5 mm

Romain Madar (Freiburg Univ

z-axis

Events /5 GeV

PUI'Ity after T reconstructlon

4500
4000
3500
3000
2500
2000
1500}
1000!

T T T T T

Lk

Beloie Tau ID
Inclusive

20 40 60

ATLAS PveHmlnary E|
JatL=18m"
E=7Tev

—e— Data early 2011
C 1

jets 1G>
= pa=rm

v

W Z->tt (mis-ID)

I3

bbb b by

Lol

80 100 120 140 160 180 200

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

Summa:

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

3 T ‘ 1> 008¢ , B,

§ 1150 "lu'g'p’flﬁ< 03 ATLAS Preliminary ER= 0 07; ATLA7$:I_ li'/reliminary 2011 Data + Simulation E

2 z - £ 007 {5=7Te E

o 1_1: : ggé ml : (1).6 Simulation : § 0.06E- 1 prong decays O Single partice resp. o Material modeing 3

Foo1 <mh<13 12 F <03 § E

105; . 13< m| <16 \]> —7TeV E g 0.05 } X Underlying event A Non-closure {

F re=ni 12 E Pile-Up [ rotatuncertaimy

1t 18 oo04E E

0.95[ o.oaf——‘ unc ~ 3% ,_‘;,f

0.9 R Etrue 7 0.02 2 [0} - oL 5 = A A E

E = — 0.01F & & & & Ny A =

0.85E Ereco i E ¥ = 2 s £ % . x °E
8" p S 0 20 30 40 50 60 7080 100 200

20 30 40 10° 2x10° .

Efeco [GeV] T [GeV]
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Evidence for H — 77 in ATLAS

Summary

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),

electfon’’

@ 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
. = s
effect on the FErresolution. 02" enrnnen®
é 1‘0 1‘5 Zb 25

Noy
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Evidence for H — 77 in ATLAS

Summary

m, reconstruction : Missing Mass Calculator

%) vis

21 Thad

1-prong- decay |
45<P.=50 [GeV]

. loptonc 1

siEBEEELE

M,, = M(vy, vz)

L T R 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

Summa

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 - 0] T T T
S ADD0EH5ny ¥ B, Finoteg ATLAS Praliminary & 200) &e - o1+ VBF ATLAS Prelimnary | T 2o+ ep-pBooaled  ATLAS Prefiminary &
:;,3500:_|Ld|::03ni is=BTeY  WOR }'E _ju dr-205" (s-8TeV topquas CR B [Ldr-203i" = Data _
z t — D 1 g 180p . g lee 8oy Pl on — 0K HilEsi D
& 30002 — s0x H{IEE o 160) — e mese ] 2 f5= ——— 3
@7 Tieplhad  EEZou T a0l Tieplicp W z- Tepliep B2 oo
2500 B Orrers 4 B 2= eepp B Tssingle op
W ke 1 120) B Frsingletop WWANZZZ
2000 Fakes oy oo Top wuwzzz | Z-ll s taon
[ Fake Lepion 7 Ungert
0 . Unea.
B0}
40)
20

1

7
BDT score
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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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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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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 EY —ER .

pr pr '
3 Phys. Rev. Lett. 88 (2002) 051801 arXiv :1108.0670
[l r F bl
/6, doldA®; (HoWW)  \IBE [ wu ===al H-1t|
| my=160 GeV K 040 — " = o
CP odd T oS 2 - q
ool [0+ 0+ |
[ 3 03s5) 4
E E ]
3 [ ]
0.005 2 03 3
i 02sf A o = 120 GeV e
~ - . E pr' 220GeV, || <2.5 =
0 — —L 020 v b b

0 50 100 150 -

N

S AdD 0 H 3 iz
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

P — . i — o(statistical) Total uncertaint
ATLAS Prelim. ofstatisticaly Total uncertainty ATLAS Prelim. _ o tal uncertainty
_ 125 GeV — afsyst. incl. theory) +1 My = 1255 GeV o(systincl.theo) 4 150n n
my = e _ sftheory) Tlconp — o(theory)
- [+ 023[Phys. Lett. B 726 (2013) 88
e Hoyy o[ e e BT —
H— 1t u=1agi)6 : B e H : P —
3 T i n=1.55 0.17] :
- T T I 028|012 i ) T
Beosted p=1.2:93]08 ‘ »—‘|—< | Hozz o al i‘éi; IPhys. LEI[: B 726 (2013) 88
N 06|04 R f +0.20] :
VBF =167 08| e + B ool 22 -
08 : pu=1.43 +017 :
o7 L — 035" g1 i | s
H ot =2.0743]'62 e B .
Y o 1 1 | Hos WW s vy 73?‘: [PhysLet.B726(2013)88 |
& e| s B : My ——
costed w=207%12 _— _0.99'0%
. | b H=EB8 00| 00 H
VBF p=2272|12 g ol L., |
i 1 I C n ou}zPhys Lelt, & 726 (2013) 88 [
| —_—t— Hoyy, 22*, WW* . 017]
H = T Tha p=1.4758]03 ; 3= : 021|-013 =
o R : S S H n=1.33 012
e i i i 018] 010 i I T
Boosted p=1.2:451]88 n—H—« i i
- ATLAS-CONF-2013-079|
vBF w=1688]08 — W,Z Ho bb <05
3 : . or|f0a | ————
0 — : H n=02
H o Tt 4 — ; 06]<01 | 1 |
2 i i H +03 [ATLAS-CONF-2013-108
- ! L 1 H— T (8TeV: 20.31b7) |- 0% :
Boosted pn=0812[8% »—'—4 : : + 04 :
: 1 ‘ ! w=1.4803
VBF H i Y I | —
0 1 2 3 4 G-o77evfiat-4sasn -05 0 05 1 15 2
Vs=8TeV [Ldt=203f"  Signal strength () (s-s7ev fior- 207203 " Signal strength (1)
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Evidence for H — 77 in ATLAS

ummai

EMS Herr, 4.5 fb7 a1 7 Talf, 19.7 " at & Ta¥
— T

L) 1 T % ' al 7 TeV, 10.7 1" a1 8 Tev
3 E -
<k - z —o—! Ghimrved
2 mboto it
& \ < H(125 Ga¥) Expecied
= o W 1 Exprod
= -
o
3y
il
10°k —=— Observed p-value E
i. ....... Expected for SM H{m,)
E e, m", LT 4 Ty Ty b [::] -
."ri 1 1 1
100 120 140
m, [GeV]
CMS, 4.9 b at 7 ToV, 19.7 fb” at 8 TeV
= T MG CMS H-vrm, 48 1781 7 TeV, 18.7 fhr' o B TeV
) 5T, i o B Juerw—— s 20
S 2500 . o sy | m, = 125 Gev 5% CL 1
b s oL 1
& | a— ]
E - 15k 4 sm -
< 2000 N ]
= ]
- a 1
I it T . — ]
3 1500 T ok 1
= ; . 4
o 7 SM 28 Gev)orr ] f I
© 1000 . i ;o]
E : 05 <4
e ] o ]
- 4 o 1 1 L ]
L] | oo 0.5 10 15 2.
Ky
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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%
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