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@ Probling Higgs couplings to fermions %
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¢ The discovery and the properties measurements of the Higgs boson particle has been driven mainly
by analyses exploiting bosonic decay modes (H=2>vyy, H2>ZZ>4l, H>WW->1vlv)

& A direct measurement of Higgs fermionic couplings is crucial to:
< further investigate the nature of the discovered particle
< test for potential beyond-SM contributions
% investigate the role of top quark in the EWSB mechanism
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Large variety of :
production and decay 1f
modes to test .
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Br(H—>bb): VH, ttH Br(H —2tt): all production modes
Top Yukawa coupling: ttH(H=>bb), ttH(H=>yy) Rare decays: H>up , ZH(H=>inv.)
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@ VH (H->bb): strategy

¢ Multiple leptonic decays of the vector boson: easy triggering and reduction of multi-jet background
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Zero lepton: ZH One lepton: WH Two leptons: ZH
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# Binning in vector boson p; (Vp;) reconstructed from missing E; and leptons: further cut optimization
(dR;;) and increase in sensitivity

# Simultaneous fit to 3 channels in multiple Vp; bins and jet and b-tag multiplicities:
% helps normalizing backgrounds

% controls effect of systematic uncertainties

<+ isolates categories with very different S/sqrt(B)

_ 2jetsltag | 3jets1ltag | 2jets 2tags | 3 jets 2 tags

X 3 Vp; bin 0 lepton norm. only  norm. only shape shape
mvertlng cut e-mu pair with
X 5Vp; bin 1 lepton norm. only  norm. only shape Shape RS SR a1
X5 Vp. bin 2 leptons norm. only ~ norm. only shape shape norm. only ~ norm. only
T
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] VH (H->bb): discriminant &5
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# In 2 tags signal regions: m,, shape information used for signal extraction
Zero lepton One lepton Two leptons
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¢ Normalization of main backgrounds ( , W+HF, Z+HF) free-floating in the fit:

<% systematics for extrapolation across regions extracted from MC studies (different generators, ISR,
parton shower)

< correcting MC for data/MC mis-modelling: top p;, Ad; in V+jets

# Largest systematics uncertainties: ttbar modelling, b-tagging
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T VH (H->bb): result R=v=h
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o - ATLAS Preliminary o Dt bestfin ] H P i .
5600 (57 70w flat_s b Erfoeen 1 @ Data with subtracted MC prediction (but di-bosons):
=] - \s=8TeV [Ldt=203 1" EIVH(bb) (u=1.0) ] . . )
8500 0+1+21ep, 243 jts, 2 tags = < VZ(Z->bb) contribution: ~5 s.d. evidence. ( ,, =0.910.2)
@ C */
o r ] . . .
£ 400¢ - <~ nominal VH contribution
N C ]
23001 : : O meas
ot ] < VH from best fit: u=—7""
Wo00F . SM
100~ = o
- o significant excess observed above background-on
4 ®N ficant b d above back d-onl
' 7l predictions
| | [ | L
50 100 150 200 250
m,, [GeV]
§ A by T # Best-fit signal strength:
B 12F VH(bb) (s=8TeV det=2o.3fb" - 8 gth:
¢ 95% CL limit on O'/O'SM: § - __ Observed (CLs) ; .
é 10__ _____ Expected (CLs) Vs=7TeV det: 4.7 fb I
T of H:Lo 1| u=0.2 + 0.5 (stat.) + 0.4 (sys.)
s 1l u=0.2 £ 0. .) £ 0.4 (sys.
observed o/o,, = 1.4 3 OF B2 ]
L6 ] _
expected a/0,, = 1.3 S : @ my=125 GeV
ar- 7
- 20 E L
@ m,=125 GeV R Compatibility with u=0 : 36%
0110 115 120 125 130 135 140 145

1 I 1
150 Compatibility with u=1:11%
m, [GeV]

Valerio Dao SUSY 2013 - Trieste




nrer-y»

a.
‘\.\9 Ny
‘crTew™

O

%,

MiNe¥

H->1T

Valerio Dao

SUSY 2013 - Trieste




N\

$

¢ Possibility to trigger/identify all the di-t decay mode (7)., Tiep TiepThaor Thaa Thad)

H->1T : strategy
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¢ Define different categories to exploit changing S/B, sensitivity to background composition and
targeting multiple Higgs production modes

VBE lep-lep i lep-had i haﬂ;ad
e g 0
(74 c i i
H
w,z< VBF category: 2jets with large rapidity separation and large m;
a a : :
: | Fay
boosted g g i g E
’ o’ Boosted: not VBF and large Higgs p; or hard jets. Takes advantage 2
oLt to the better m_ resolution at high p; &
g‘&“ \<:: : g
= & 3
: : o)
) - j VH: (not VBF and boosted) and 2 jets close in dR and m;; in W- S
H<? mass window
oo T | T
1-jet O-jet : '
: . g . 1-jet/0Ojets : (not VBF, boosted or VH) >=1 or 0 additional jet in the
:"5 H<T H< event with p;>25-30 GeV. For lep-had, e and p channel are
: v “|'| considered separately v
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H-=>1T 2 discriminant
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# Discriminant: m_ from Missing Mass Calculator (MMC): 512003162’/9‘-}76;6; i+ ey | boosted
< reconstruction of neutrino direction from kinematic & ; *?T%%) ]
~ —>TT
constraints and template from MC t decays L 1000 B Z=w (OS-SS) |
CI>J B Il Others (OS-SS)
< resolution ~ 13-20% (better resolution for high p; and 1, ) W 800[- [ Same Sign Data |
B 777, BKg. uncert. i
600 Jrat=130"
Vs =8TeV
. . . . — ATLAS Prelimi —
¢ Main (irreducible) background: Z=2tt modelled with 400p reminan ]
embedding 200[-
< replacing | in Z-> up data events with t decay from MC. -
50 100 150 200
MMC mass m_, [GeV]
> JHWHNWHWHHMHWHHH'x > :xwx‘xxxx[xxxx[xxxx‘xxxx[ > ;TTTT[TTTT[TTTT[TTTT[.TT
& B0 jep-lep | cerentunhiiel ypE B 22510 had Wit emaHi2iet VBE 3 300 hg0 pad Tnadthag M2t \/BF
o - ;o 20¢ i © - alz
S osf — 2xH(125)—>w ] < 18- — H(125)>c T 25
2 g B Z— 1 2 160 o Bl Z-t 41 2 ¥ B Multi-jet ]
o o0 Hl Z—ee,un R E B Others 1 2 oot I Others B
m : B fi+single-top | L 14¢ I Faket ERT - 7777 Bkg. uncert. 1
- - g‘/KVAf/Z{ZZ . 12F 777 Bkg. uncert. 3 ¥ [Ldt=1301" ]
15F- ake leptons ] - Ldt=130f" 3 150 B
- 777 BKg. uncert. ] 10F f = . /s =8TeV ]
- f|_ dt=13.0f6" - gi Vs =8TeV E L ATLASPreliminary]
10 ' — . ATLAS Preliminary ] 10 7
s Vs =8TeV . 6 B C i
50 ATLAS Preliminary{ ;, ,; 5; {
il Y : 3 R f o
50 100 150 200 250 300 350 400 50 100 150 200 250 300 %50 100 150 200 250
MMC m_, [GeV] MMC mass m_ [GeV] MMC mass m_, [GeV]
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¢ Approaching sensitivity to SM Higgs production 8 [ Hom ATLAS Preliminary ]
B 7 —e-ObservedCL, [Ldt=4.6f5" {s=7TeV
5 - --- Expected CL, [Ldt=13.0 fb", (s =8 TeV ]
¢ Local p, @ m,=125 GeV: £ 6 [l =
E [ W:tw :
1.1s.d. observed, 1.7 s.d. expected (jj 5 =
24
&
# 95% CL limit on o/og,: 3
2F
observed o/o,, = 1.9 !
@ m, =125 GeV -
expected o/o,, = 1.2 A T
100 110 120 130 140 150
5 my, [GeV]
& °F ATLAS Preliminaly | | : :
5 Al fresewleerrer Dol # Best-fit value for signal strength:
I I koot i u=07%0.7
i N 4 SM prediction ]
in; o ¢r Backgroundonly
g P my=125CeV ¢ Testing compatibility for production modes:
o 3 ¢ UygeXBR(H->TT)/BRgy (H->TT) = 2.4
i3 E & UygraXBR(H->1T)/BRs) (H—>TT) = -0.4
2f -
- ] < consistent with the SM Higgs (but also no Higgs
-Sﬁ\ ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | \4 . . .
-2 0 2 4 6 8 hypothesis) within 1 s.d. contour
w _x B/Bg,
ggF
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¢ Using |+jets ttbar decay topology: 1 lept, MET, >6 jets, >4 tags post-fit plot
3 [ ATLAS Preliminary
S fLa=ariot W i (125
# Separate analysis in categories according to jet and b-tag multiplicities; .- = 1z
< L ttv
< signal enriched: 5/ >6 jets, 3 tags/ >4 tags G 1of 0 Zebts :

[ Diboson
[ Single top
B Multijet
B2 Tot bkg unc.

< signal depleted: used for background normalization, constraining of sys. ¢

¢ Discriminant variables: 4
< 26 jets, 3tags /24 tags: m,, from kinematic reconstruction o7
. Y_had — : ,
< other: H;"% = scalar sum of jet p;s o o
= 15 S
: : 8 05 - I
¢ Main challenge: understanding of the ttbar(+HF) background 050 100 150 200 250 300 350 400
m,; [GeV]
\g"’ 50; ATLAS Preliminary \/§=7TeV,det= 471" é
§ [ —e Observed (CLs) ] .. .
s P = Expectsd (OLS) . ] ¢ 95% CL limit on o/0,:
E 40? -110’ ]
S | Hl=2 . observed 0/0,=13.1
8 30 - @ m_ =125 GeV
i ] expected o/o,, = 10.5
201~ -
- - & Large impact of systematics (ttbar+HF, JES, tagging):
10— —
- ] % sensitivity degradation by 70%
07 I | | 1 S Tk TSl Sl e el T et Sl St el T

o 15 120 125 130 135 140
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c '+ Data ATLAS prellmlnary 3
SR+CR background fit =
E oeeeee SM signal (m_ = 126.8 GeV) =

7

6

SF .. SR-only background fit B
A Signal region Leptonic channel | 3
3
2
1

9)
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¢@H (H>n)

# 2 high-p; isolated photons (as in main H=>yy analysis)

Events / 5 GeV

¢ Targeting both leptonic and fully-hadronic ttbar decay modes

. . . . . . 5 Control " l= ) =l -1
¢ Optimized selection to increase ttH purity over other H production  joppieovooo o8 TeY fret=2080T3

modes (>80%): 100110 120 180 140 150 160

m,, [GeV]
. . ~ TO—

> Llep: 21 lep, MET, 21tag : S/B~0.5 3 oE g;thR o mATLAs prehmmam
% Hadr: >6jets, >2tags :S/B~0.2 2 8L ... SMsignal m, = 126.8 GeV) E
®  7E ---.SR-only background fit 3
& 6F  Signal region Hadronic channel 3
o 5F 5
. . . . 4 —
¢ Background estimated from exponential fit to both signal and 3 L J’ E
control regions. 63 i i e

401 Control reglon Vs=8 TeV [Ldt=20.3 o'
40 20; v +ﬂ—k++4j
s u — T 1 1 1 1 1 u E ]
'?“i;"’ - ' Observed CLL limit H‘—> vy | | ] 100 110 120 130 140 150 160
£ 35 — Expected CL, limit  {iH channels comb. o m,, [GeV]
S g Wl=to ATLAS preliminary 7 ¢ 95% CL limit on O'/O'SMI
= - * 20 .
C Data2012 \s=8TeV I
E oaf P SV;Sb_1 S observed o/o,= 5.3
8 L F Jrat=20. E @ m,=125 GeV
£ f ] expected o/o,, = 6.4
® 15 =
10 =
5E 4 e contrary to ttH (H->bb), impact of systematics is small
0520 122 124 126 128 130 & analysis still statistically limited
m, [GeV]
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Rare decays: H>uu , ZH(H->Invisible)
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: H->uu N=+=h
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& Very clean signature but very low BR (10#) & 10°F ATLAS Preliminary 3 2%, 2 Wie”
2 0 Vs=8TeV, [ Ldt=20.7 b =wmw Eg{m
% BR could be enhanced by new physics contribution 2 A " O Hescev
¢ Exactly 2 opposite-sign isolated muons:
< Pru1)>25 GeV, pr > 25 GeV
¢ Pr(uy > 15 GeV (against DY) _
<+ categorize events according to di-muon mass resolution (2 3 11.2§ e o
muons with |eta|<1, at least 1 forward muon) £ g o S5 AN 00 SR Sy PiM
JE L L4 E
0.8F 3
“T0 20730 740 150 160
& Main background: Z/y*->uu m,, [GeV]
= 70_“'|"'g"'zw:"l'“'l"'w""|“"|'“'|"L . .. .
< - ATLAS Preliminary How'y 1 & Analytical description of the background (Breit-
= 60 — Observed = : : ; ;
E b T Big Expected det=207fb_1 ] Wigner+exponential) validated in MC and
g 50f E=ic ' = control regions
2 - Cl+20 Vs=8TeV ]
o 40 =
N T 0 . . .
30f- 4 #95% CLlimit on o/ogy:
200 E observed a/o,, = 9.8
of . @ m, =125 GeV
- - expected o/o,, = 8.2
0: E | { i -1 -+ | degaer 5

111 i el e el e bl el Ml e el ol el e el e Ml il | il el A-CAT T TSI '|'I 11
110 115 120 125 130 135 140 145 150
my, [GeV]
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ZH (H->Invisible)

& Br(H=2ZZ>4v) is too small to ! final selection

. > S0 )
be dEtECted/ IOOklng for § _ ATLAS Pre_l_l[r_u_nary Vs=8 TeV ® Data fL=13.0 ’ ]
enhancement due to possible S dop A .
BSM effects 5 I mzz .

w30 -+ Signal (SM ZH, m =125 GeV) —

q B ]

& Exploiting Z+H production: 2or B
< ee, LU events within Z mass window 10 i =

< missing transverse energy > 90 GeV SRR L e 20 ]

50 100 150 200 250 300 350 miéslsoo 450
. E GeV
< jet veto T ]

<+ additional kinematic/topological cuts model independent limit

T T T T T T T
ATLAS Preliminary xBR(ZH—l inv)
ZH—lI(inv)
Vs=7TeV, [ Ldt=4.7fb" — Observed
Vs=8TeV, [ Ldt=13.0b™ _____. Expected

- +1o
l:l +20

""" OzH,sm

& Main background after selection: ZZ2>1lvvy

¢ No excess over background prediction
# Setting limit on Br(Higgs—>invisible). For m;=125 GeV:

‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\4

95% CL limit: o, xBR(ZH—Il inv) [fb]

observed Br(H=2inv) < 65% @ 95% CL | assuming SM ZH |
expected Br(H2inv) < 84% production rate 12

---------

140 160 180 200 220 240 260 280 300
my [GeV]
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@ Summary and conclusions
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¢ Rich program of analyses in the fermionic Higgs sector at ATLAS

¢ No significant excess observed over background-only expectations :

<~ VH (H=>bb): 4.7 fblat7TeV +20.9fblat8TeV : obs. (exp.)o/og,limit=1.4(1.3)

+~H2tr:4.7 fblat 7 TeV + 13 fb! at 8 TeV : obs. (exp. ) o/o,,limit =1.9 (1.2)

< ttH (H>bb): 4.7 fblat 7 TeV : obs. (exp. ) o/og,,limit = 13.3 (10.5)

< ttH (H2yy): 20.9 fblat 8 TeV : obs. (exp. ) o/og,,limit = 5.3 (6.4)

< H=2uu: 20.7 fb! at 8 TeV : obs. (exp. ) o/og,,limit = 9.8 (8.2)

< H=2invisible: 13 fb'! at 8 TeV . obs. (exp. ) Br(H=2invisible) limit = 65% (84%)

H—>bb and H>1t sensitivity is approaching the SM value
Aiming at a combination with bosonic decay mode for ttH

Full dataset is being analyzed for the missing analyses

® & o o

More sophisticated techniques (MVA) are being explored in order to increase the sensitivity

....... stay tuned ...........
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VH(bb): Tull selection

4 A
T 5 X
L & 2
Object 0-lepton 1-lepton 2-lepton e
0 loose leptons 1 tight lepton 1 medium lepton
Leptons + 0 loose leptons | + 1 loose lepton
~ 2 b-tags
Jets p’“rCtl > 45 GeV
o2 > 20 GeV
+ < 1 extra jets
Missing Er EI')'T"¥L‘;>> 13200 ;e‘)' ET > 25 Gev ET™ < 60 GeV
A¢(E;=i“, p?ss) <n/2
min[AG(ET™, jet)] > 1.5
AG(E™™, bb) > 2.8
Vector Boson - m¥ <120 GeV | 83 < myg <99 GeV
py [GeV] 0-90 | 90-120 | 120-160 | 160-200 | >200
o b.V dependent cuts All Channels AR(b, b) 0.7-34 | 0.7-3.0 | 0.7-23 | 0.7-1.8 | <14
Pr € eoton | EES [GeV] >25 >50
P m? [GeV] 40-120 <120
my = 125 GeV at 8 TeV
= . Acceptance [%]
(W/Z)(H — bb) | Cross-section X BR [fb] O-lepion 1-lepton 2-lepion
Z- 15.3 0.0 0.9 8.4
W — ¢ty 130.2 0.2 33
AR 45.5 2.5 -
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VH: backgrounds
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¢ Interplay between channels for background normalization

Olep, 2tags

-®-Data
'vnlha) {best #)
vz

LEEEE AN B AL
ATLAS Preliminary
fs=7TeV flat=47f"
fe=8Tev flot=203Mm"
0 lep., 2 fets, 2 tags, 120<p ;'<1so GeV

Events

i
B3, s+t chan
w

««« Pro-fit background
2 W(Bo) (=10}

lllllllllll

v

Data/MC

<<+ Pre-it background
D WM(BS) {u=1.0)

50 10 150

my, [GeV]
,,, ———— . ]
5 ATLAS Prelimina - 7

[ ry 8 00 oese
i fs=7TeV fLot=47f" [=M ]

B Z2+bb

fs=8TeV fLat=203f" =;:z .
2lep., 2 jets, 2 tags, 90<p <120 GeV 67&" sty 4

2lep, 2ta

i Q
n

Events

4000 —————T—
@ ATLAS Preliminary
3500 =7 TeV fLat=47 0"
Eﬁnavﬂmzcsm
3000 2 lep., n>=2 jets, 2 tags

— —
_ ATLAS Preliminary
250[ {s=7TeV fLat=a7 "
[ fs=8TeV flot=203Mm"

8
S IR DAL DL L

""""W

= T T LI B B S B s B B B S B

1lep., 2 fets, 2 tags, 120¢:<160 GeV

P U IS |

~“®- Data

VH(BS) {best 1)
O Mutjet

1
31, setchan

w

23 Uncertainty
-« - Predit background
I VHED) (1e1.0)

]
§
g
[ N N N

1lep, 2tags

PR RS

100

150

200 250
my, [GeV]

eu selection

@~ Data
-;N(bbl {best 1)
wr

Uncartainty
=== Pro-tit background

%

wook | L
500

| et T ———

1%% e g v%
v

08 P P P PR R
50 100 150 200 250
m,, [GeV]

%,

MiNe €

# Scale factors returned by the fit
for free-floating backgrounds

Process

Scale factor

tt
Wb
Wel
Zb

1.13 £0.05
0.89 £0.15
1.05 £0.14
1.30 £ 0.07
0.89 +£0.48

Data

VH(bb) (best fit)
vz

ww

tt

t, s+t chan

Wit

W+bb

W+bl

W+cc

W+cl

W+l

Z+bb

Z+bl

Z+cc

Z+cl

Z+l

Multijet
Uncertainty
Pre-fit background
VH(bb) (u=1.0)

Valerio Dao

SUSY 2

013 - Trieste



VH (H->bb): plots

Ca
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& Other Vp; regions

@ L
S [ ATLAS Preliminary
@ 300; s=7TeV fLdt=471o"
[ Vs=8TeV [Ldt=2031b"
250[— 0 lep., 2 jets, 2 tags, 120<p¥<160 GeV

200
150

100f

T

T T T T T

8- Data —
[l VH(bb) (best fit) -
vz

Ot

[0t s+t chan -
Wt 1
Il W+bb |

[ W+cc |
EW+cl

- Z+bb

[ Z+bl

0 Z+cc

- Z+cl

7] Uncertainty
- Pre-fit background —

l:l VH(bb) (u=1.0) -

g 1 /5// Fososspd
e o5 //// L L1 14
50 100 150 200 250

m,, [GeV]

% UL NS v e

) | ATLAS Preliminary =z;l(bb)(hestﬂt)

@ 100 Vs =7 TeV fLdt=4.7 fo" ==l —
L [t, s+t chan |
| Vs=8TeV fLdt=203 1" = ]
- 0lep., 2 jets, 2 tags, 16D<p:¢OOGeV I Wico B

80— P ]
[ [ Z+b! 7
r [ Z+cc —
- 0 Z+cl -
EZ2 Uncertainty
60— -~ Pre-fit background —|
- CIVHBb) (1=10)
40— —
20— —

% 1.5 ;?

D ATRESRNRES S5 S

© C

B os5E P P I B . .

50 100 150 200 250
m,, [GeV]
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A
T VH: V+jets modellin B
L = z 2
i % 7
S MNe<©
¢ DeltaPhi_jj correction extracted from Otag region: correlated with VpT
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VH (H->bb): Dibosons validation

¢ Validate analysis techniques by measuring WZ,ZZ with Z->bb : ~5 times bigger than expected signal

C T T T ‘ T T T T ‘ T T T T T ‘ ATLAS Prelim' - g§:tyast)) Tota-i uncertainty
_g 600 ATLAS Prellmlnary_/1 ;33}% estfiy ] o(theo) | 0] MVZ |
8 - E =7Tev det =471 Exﬁcertainty B VZ(bb), 7 Tev igi :
E - Vs=8TeV [Ldt=20.3fb" I VH(bb) (u=1.0) ] u,,=0.7%2 20 1 1 i
S50} 0+14210p, 243jets, 2 ags = VZolepton  w,=1T50los | e—— |
N - ] VZ 1lepton  u_=0.775]+0.8 - | 1
GJ B . . o« s - T B B .
= 4001 Higgs contribution VZ,2leptons 1, =035 /<05 —]— i
B . . by T +0.1 : :
2a00f constrained withih 50% VZ(bb), 8 Te‘u’ | goz|202 | . |
c - S A vz 02101 ! ‘ !
ot of SM expectations VZ, 0lepton 1, = 1254 [s0.2 | 4=
Wsook ] VZ, 1lepton =097 |202 i i
- ] VZ, 2leptons 1 =0977(:0.2 1 1

100F - Comb. VZ(bb) . =01 | A

B —— '////_ MVZ=09t02<01 I I
- ' /é%%ﬁ 2 VZ,0lepton =125 )02 | | e B
L 000007 N A VZ tlepton  w,=09%5:1:02 | —+ i
T U T S SN N SN SR B \/ . /: VZ, 2 leptons W, = 0-8f8j§ +0.2 1 '—|—1 L

50 100 150 200 250 §=7TeV Lot =47 " 0 1 2

m,, [GeV] Vs =8 TeV [Ldt=20.3 fb" Signal strength [w,,]

& 1,=09+0.2

¢ 4.8 (5.1) observed (expected) significance
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Ca
T VH (H->bb): result (2) R=+=p
s

ATLASPrellm —— o(stat) Totaluncertalnty o [T T T T [T T T T[T I T T[T T T T[T T T T[T T T T [ TTTT[TTTT]

m,, = 125 GeV AU o on 10 =10k - — 3
— S R —— © £ ATLAS Preliminary ~ VH(bb) -

SO utiad = 1 -0 NI A D A — :

VH,Olepton  1=-277,|:18 —I—; A 1=

VH Tlepton  1=257,s16 | e | :

VH, 2 leptons  w=0 6+::2 +3.1 | : | : | - | P

VH(bb),8 Tev 0% | 10"

..................... u 067<01 | L. . | L. I

VH.Oleplon  1=09,,-08 | | | .—E—. N et .. .20

VH llepon w=071l}08 | | = = ==, ST ]

VH, 2leptons 1 =-0.3""]+1.2 : : -—],—r L 10 E_ 0 0 _E

Comb. VH(bb) N 28:2 E E i - . 2011 Obs. 201142012 Obs. ]

w=0.277 17" o ; . . . - --2011 Exp. --2011+2012 Exp. 36

""""""""""""""" +' ()'.é'"""' . -3_____'_'___________""""""'"""""

VHOlepton  1=05,01:08 | | - | '.—I—' L 10™¢ ~ e T

VA tlepon  w=0Tvlos | e - 201200, Vs=7 TeV [Ldt=4710" 3

VH, 2leptons  11=-0.4"" .12 |4 : '. .—II—. é : 4L- l_ --20|12 Exlp. \F:S T(lanL?t = 2(7.3 fb | _l

E:?TerLdt=47fb1 - - 104IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

/s =8 TeV fLdt=20.3 fb" Slgnal strength [u] 110 115 120 125 130 135 148] 1[4(3591/?0

H

¢ 1s.d. excess in 2012 data at m_ ;=125 GeV, excess at higher masses too

# deficit in 7 TeV data already observed in previous analysis leads to a small excess in combined result
at m,=125 GeV
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H->71Ts lep-lep selection

nexr-»

‘\.\BG'NI
Yierren

O

S

MiNe¥

2-jet VBF Boosted 2-jet VH 1-jet
Pre-selection: exactly two leptons with opposite charges
30 GeV < myr < 75 GeV (30 GeV < mygp < 100 GeV)
for same-flavor (different-flavor) leptons, and py s + pre > 35 GeV
At least one jet with py > 40 GeV (|[JVFiy| > 0.5 if |njul| < 2.4)
ET™ > 40 GeV (ET™ > 20 GeV) for same-flavor (different-flavor) leptons
H* > 40 GeV for same-flavor leptons
0.1 < X2 < 1
0.5 < Agee < 2.5

pr.j > 25GeV (JVF) | excluding 2-jet VBF | py 5 > 25 GeV (JVF) excluding 2-jet VBF,

Boosted and 2-jet VH
An;i > 3.0 prrr > 100 GeV excluding Boosted merj > 225 GeV
m;; > 400 GeV b-tagged jet veto An;i<2.0 b-tagged jet veto
b-tagged jet veto 30 GeV < m;; < 160 GeV
Lepton centrality and CJV a b-tagged jet veto -
0-jet (7 TeV only)

Pre-selection: exactly two leptons with opposite charges
Different-flavor leptons with 30 GeV < mygs < 100 GeV and py ¢ + pre > 35 GeV
Adee > 2.5
b-tagged jet veto
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nexr-»

H->t1Ts lep-had selection K==}
o\
7 TeV 8 TeV
VBF Category Boosted Category VBF Category Boosted Category
> pr = >30 GeV - > pr v 30 GeV > pr v 30 GeV
> ETS 520 GeV > 53‘*“ >20 GeV > EMS 520 GeV > EE‘” >20 GeV
> > 2 jets > py > 100 GeV > > 2 jets > py > 100 GeV
>pril,pr2>40GeV |»0<x <1 > pril >40,pr2>30GeV |»0<x; <1
> An;i > 3.0 »02<x<1.2 > An;i > 3.0 »02<x<1.2
>m;; > 500 GeV » Fails VBF >m;; > 500 GeV » Fails VBF
» centrality req. - » centrality req. -
> 11 X0 <0 - > 11 X2 <0 -
> pr % < 40 GeV - > pr % < 30 GeV -
- - > pr >26 GeV -
o mp <50 GeV o my <50 GeV o mp <50 GeV e my <50 GeV
e A(AR) < 0.8 ¢ A(AR) < 0.8 e A(AR) < 0.8 e A(AR) < 0.8
e AP <35 e YAp <16 e YA <28 -
~ - e b-tagged jet veto e b-tagged jet veto
1 Jet Category 0 Jet Category 1 Jet Category 0 Jet Category

> = }jet, pr >25 GeV
> ET™ >20 GeV

>0 jets pr >25 GeV
> EX" >20 GeV

> > 'ljet, pr >30 GeV
> ET™ >20 GeV

>0 jets pr >30 GeV
> EX™ >20 GeV

» Fails VBF, Boosted » Fails Boosted » Fails VBF, Boosted » Fails Boosted

o mr <50 GeV o my <30 GeV o mr <50 GeV e my <30 GeV

e A(AR) < 0.6 e A(AR) < 0.5 e A(AR) < 0.6 e A(AR) < 0.5

e YAp <35 e Y AP <35 e AP <35 e YAp <35

- *py-pp <0 - Py -p7 <0
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H->1T1: had-had selection

$

nexr-»

‘\.\BG'NI
6
Yierren

O

MiNe¥

- A aanana = anans

Cut

Description

Preselection

No muons or electrons in the event

Exactly 2 medium 1,4 candidates matched with the trigger objects

At least 1 of the 11,,g candidates identified as tight

Both 11,4 candidates are from the same primary vertex

Leading Thad.vis pr > 40 GeV and sub-leading Thag.vis pr > 25 GeV, In| < 2.5

Thad Candidates have opposite charge and 1- or 3-tracks

0.8 < AR(T], 7'2) <28

Anp(r,7) < 1.5

if E;',‘i“ vector is not pointing in between the two taus, min {A¢(E?i“, 1), A¢(E¥‘is"‘, rz)} < 02n

VBF

At least two tagging jets, j,, j, leading tagging jet with pr > 50 GeV
nj Xnp <0,An;; > 2.6 and invariant mass m;; > 350 GeV

min(n;1,72) < 71, Pr2 < Max(n;i, 1;2)
E™iss > 20 GeV

Boosted

Fails VBF

At least one tagging jet with pr > 70(50) GeV in the 8(7) TeV dataset

AR(T],Tz) <19

E™ > 20 GeV

if EI'S vector is not pointing in between the two taus, min {A¢(E’{.‘i”, 1), AG(ETS, ‘rz)} <0.1x.
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H->1T : backgrounds

AN,

$

¢ Each channel affected by different backgrounds !!

ner-y
o
GZ’Cn-e@

MiNe €

Embedding: replacing pin Z2>puu data
7211 X X X irreducible events with tau decay from MC.
Normalization from control region

shape from MC, normalization from

Ly X X FHEGIELE control region (b-tag)
shape from MC, normalization from
2= X el control region (low MET, high Mll)
QCD multi-jet X X X SS events and reverted taulD
Zee, e2T,,, X Shape from MC, normalized from
. control regions. Using add-on factors
22114, ]2 Thgq X to take into account the OS-SS
W24, 2T,y X mT contribution
W2Iv+j, j=21 X from data: reversing lepton isolation

¢ Dominant systematics are Embedding, Tau Energy Scale and Jet Energy Scale.
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H->T11: embedding validation

AN,
“crre®

018  cereusmuPreselecton | B 016 engeumgPresdecton| £ 024 o preselection
ST 13 - ] 0.221 =
0.16 —$— Z—1t Embedded >0 14 —é— Z->tt Embedded | - F —¢— Z->7t Embedded J
L ge —4— Z—1t Alpgen MC 8 [ @ 2t Al MC ] % 0.21- 4 —¢ Z=rrAlpgen MCH
0.14]- 2 Embosyt 4 E 1ok oy ° ZomAREnNG {8 g qgh 5, oEmes ]
0 125 g * fLat=1301" 1 < “ 77, Bmb. syst. 1 Z o1l s fLat=1301" -
. [ ] [ ’ p _ -1 _| = ‘ —
r s Vs=8TeV 1 0'1: s det_13'0fb 1 0.14§ Z % {s=8TeV i
01; % ATLAS Preliminary? 0 08; é / Vs =8TeV N 0.12F s ATLAS Preliminary{
0.081 E —oF y ATLAS Preliminary | o1E P E
I ? ] 0.06] ] i ¢ ¢ ]
0.061 j C ® ¢ 1 0.08F s =
004 @ 2 E 0.04 . . 0.06\ ¢ 3
I s ] - . ] 0.04 4 =
0.02[ . - 0.021 - L —7 ’ L E
(}kJ M%‘ L R 20 0nisecccsses 5 /gﬁk L Mig [ERTRI TR ‘\e\sﬁw

0 50 100 250 50 100 150 200 250
mass m,, [GeV] MMC mass m_, [GeV]

w FrT—T1T L L ‘ LB ‘ L ‘ LB =

= 014 Z—nu Selection I

o Ut .

. . . . > L % Z—>uu Embedded |

¢ Embedding MC validation: comparison of embedded data % 012 o5 o ZewDaa ]
with Z-> ttmc < 01fe @ fra=130m"

- e (s=8TeV ]

0'08; . ATLAS Preliminary -

0.06[ d .

. . . . . L A i

# Verifying embedding procedure by embedding with muons 0.04s . ]
(instead of taus) and comparing to the original data 002t %s, i

. [ @ ]

r ®e ]

Okl L1 ‘ I ‘ I ‘ Il \Q\.Q\""\Q\'\'”- ‘A

0 10 20 30 40 50 60

ET [GeV]
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]
H->t1t: limits for each decay mode N=i=h
E 9
¢°411N6-€Q'V
E 1 8 N T T T T N T T T T N T T T T N T T T T N T T T T N T E 1 2 N T T T T N T T T T N T T T T N T T T T N T T T T N E 1 2 N T T T T N T T T T N T T T T N T T T T N T T T T N
o [ H=7, T, ATLAS Preliminary 1 o [ H = T Thaa ATLAS Preliminary | v’ L H= 7y T ATLAS Preliminary |
B 16 o ObservedCL, [Ldt=461" (s=7TeV | B - —e-Observed CL, [Ldt=4.61" {s=7TeV - B - —e-Observed CL, [Ldt=4.61" {s=7TeV -
S . [ - ExpectedCL, [Ldt=13.0M" {5=8TeV | S 100 ___ ExpectedcL, [Ldt=13.01" (s=8TeV | S 107 ___ ExpectedcL, [Ldt=13.01" (s=8TeV |
141 = L ] L ]
= r [ J]+=2o ] = I =20 ] = I =20 i
% 12 =1 . E g E=10 _ E g E=10 _
- r ] - - ] - - ]
O 10? j O | - O | —
N - ] X 6 . X 6 =
[To] 8- ] [To] - b [To] - b
o " ] o L ] o i ]
45 - L ] L ]
c ] 2 ] 2 ]
2r = C ] C ]
0; ‘ | I ‘ I ‘ I | ‘ I | ‘ I ‘ 1: OT ‘ I | ‘ I ‘ I | ‘ I | ‘ | I ‘ T OT ‘ I | ‘ I ‘ I | ‘ I | ‘ | I ‘ T
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nexr-»

ttH(bb): categories and variables

G.
WOIN,
‘CITe™

Ntags: b-tagging, ttbar+HF

4 jets
0 b tags

4 jets
1 b tags

4 jets
2btags

4 jets
3 btags

4 jets
=4btags

[eT0]
c
[}
3
—— ——
E 5 jets 5jets
0 b tags 1 b tags
—
©
o)
A
0 0
Ll
—_ > 6jets > 6 jets >0 o8 B o [ gy —
.. 0 b tags 1 b tags 2btags 3btags =4 b tags
(%]
)
()
=z
v
0 fa)
oY U ZJ

>

ATLAS

Preliminary
(Simulation)
my, =125 GeV

O tH+HF jets
[ tt+light jets

[ Z+jets
[ Diboson
[ Single top
I Multijet

%,

MiNe €

# Different Njet regions: controlling the
effect of JES and ttbar modelling

¢ Different Ntag regions: controlling the
effect b-tag and ttbar+HF

< m,; = invariant mass of two tagged jets not « H', ., = scalar sum of jet p;s

assigned to ttbar

+ large sensitivity to JES uncertainties, ttbar MC
modelling systematics

< mass peak clearly visible
< tails are due to incorrectly reconstructed events

1
1
1
1
1
1
i @ C — ]
1 c - -
L) e e B B L I IR I i S a5 ATLAS Preliminary (Simulation) —
-E : ----- . ) . . : I - -
= - ATLAS Preliminary (Simulation) - 1 E C 5 jets, 3 b-tags b
> 014 - I = C ’ ]
IS - = 6 jets, = 4 b-tags . : g 02— Total background —
g 0.12; Total background 7: : N - T ttH (mH =125 GeV) 7]
N N e T S tiH (m_ = 125 GeV) = ! 0151 -
] ; - : :
0.08- - | C ]
C B 1 0.1— ]
[ ] 1 L i
0.06[- . 1 C ]
C ] 1 - 4
0.04 - H 0.05~ 7
= ] 1 R I - ]
0.02— — : ol 1 1 T e 3
r | | | | | ‘ [T ] 1 0 200 400 600 800 1000 1200
N N ST T T T T T T T T S I I
% 50 100 150 200 _ 250 _ 300 350 _ 400 i H*d [GeV]
1
M5 [GeV] i
1
1
1
1
1
1
1
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T
%z ¢ H(bb): selections 24,
- t o
= ° §5l%
¢ Exploiting lepton+jets (electron or muon) ttbar decay topology Br ~ 30%: § | S
< using lepton to trigger / suppress multijet background - e
)
« reasonably high BR (some contribution from dilepton events) S muon-+jets
S electron+jets

tH — I*vqgbb bb

o wK - & Typical signal event looks like:

O
/o

« exactly 1 well isolated lepton (electron or muon)

< large missing transverse energy from escaping
_________ neutrino

.S \ at least 6 jets

3 « at least 4 jets identified as coming from b-quarks
IS o (tagged)

& Due to b-tagging algorithm efficiency and kinematic acceptance of jets:
« significant leakage of signal in lower jet and b-tag multiplicity regions
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ttH(bb): selections (2)

nre»r-y»
‘\.\BG'NI
Yerrer

MiNe©

& ttbar identification requires good performance from all the ATLAS sub-detectors
Transverse mass from lepton and neutrino.
Use to reduce QCD background Lepton selection
M, >35 GeV ele, E/"">+ M, .>60 GeV muon

| Electron: ‘tight’ Muon: combining info in

Vi — K [ identification criteria+ inner tracker and muon

E,™iss; vector sum of calo cells ., calorimetric and track spectrometer. Track and
energy deposits+muons. isolation calorimetric isolation

Object dependent calibration.

E;mss>20 (35) GeV for muon N~
(electron) channel b-jet

p>25 GeV, [n[<2.47 p>20 GeV, [n[<2.5

Jets: anti-kt (R=0.4) from calorimetric " /[V b-Jets: multivariate tagger using
clusters. (eta-p; corr. factors from MC ) ~— information from:

for calibration). reconstructed secondary vertex,
p>25 GeV, [n[<2.5 tracks impact parameter

Against pile-up condition: requiring at Working point: 70% efficiency for

least 75% of sum p; of track in the jets is /q (1\‘ jet from b-quarks, <1% mistag
coming from track associated to the et Y et rate

primary vertex
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@ ttH (H->y))

¢ Main background is jet mis-identified as photons

ner-y
‘\.\BG'NI
Yierren

S

MiNe €

¢ Shape validated in control regions by reverting photon ID

-‘g 0.45— ATLAS Preliminary nen-isolated, non-tight v 1D ‘g 0_45— ATLAS Preliminary non-solated, non-tight 10
— = R =3 o .
> 035 |Ldt=203fp" = rrelvisatieasy > 0.35} J'Ldt=20.3fb1 —s—Tre>4
_g 035_ /s =8TeV —a— ry + 2-4 jots (at least 1b) g 035_ /s=8TeV a7 + 5] (b vel0)
g 3 ¢ + 2-4 jats (b vato) g “F ¥y + 5] {1b}
0.25E Leptonic Channel 0.25E Hadronic Channel
S — S
0.2F —— 0.2F ¥ +
B l - B - :’:
0.1 0.1F
0.05- 0.05F-
SN B B B S S = ] R R B B B
‘FbO 110 120 130 140 150 160 1000 110 120 130 140 150 160
m,, [GeV] m,, [GeV]

Table 5: Observed and expected 95% CL limits on the tfH production cross section times H — yy

branching ratio relative to the SM expectation at my = 126.8 GeV.

Observed limit | Expected limit | +20 | +1o | -lo | 20
Combined (with systematics) 5.3 6.4 162 | 99 | 46 | 34
Combined (statistics only) 5.0 6.0 135 | 89 | 43 | 3.2
Leptonic (with systematics) 9.0 8.4 219 | 132 | 6.1 | 45
Leptonic (statistics only) 8.5 8.0 188 | 12.1 | 5.7 | 4.3
Hadronic (with systematics) 8.4 13.6 364 | 216 | 98 | 7.3
Hadronic (statistics only) 7.9 12.6 29.1 | 189 | 9.1 | 6.8
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nexr-»

H->uu

¢ Two [eta| category
regions separated

Valerio Dao

Events / GeV

Data / SM

—
imi -@- Data %4 SM (stat)
ATLAS Preliminary e Top I Wi
Vs=8TeV,[Ldt=20.71b" @l ww O«
4 .- B Wzzzwy [l Z+ets
10 H—u*'w Central [ H 125 GeV,

T T T T E
Vi : I
- ¢ ¢ E
1 =
Lo 0,000 00 0, 1 §
ogee WS T T T Tt e L
2t T T T P S S
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> 1500——————1———— L L B
& - ATLAS Preliminary Central i
S [ Vs=8Tev e Data2012
21000~ f Ldt=20.7f6" — Fitmodel |
Q —— Breit-Wigner
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