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H—1t

[ ast summer: Historical observation!

* But what have we observed?
— We know 1t couples to bosons

— It probably couples to quarks (ggF
production and yy decay through quark-
loop)

— But what about leptons?

* Need H—7t to check 1f our particle
behaves like a SM-Higgs...
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H—1tt 1n ATLAS

Separate cut-based analysis for each

of three different decay modes: ;E 0
— Lep-lep: ee/pw/ept+4v o
— Lep-had: et,_/ut, 3V °
— Had-had:t, 47,4 T2V 10"

Combine all channels, to search for -

H—11 signature

Results presented using 4.6fb"! for 7 10°
TeV and 13 fb! for 8 TeV data

More details: ATLAS-CONF-2012-160 °

E ] T ‘ T T T T E g
- \s=8TeV ¢
| —s + — — g
EVBF H/4 v WW = Tvag 3 2
SWH /4 vbb WW — vy 717
/7 ZZ—T1Taqq
ZZ — ['Tvv
B 2Z — 1T
- ZH— I'Tbb \ vy _
| = e, u "'\.
L V = VeVyVy e
B 1 g= udsctIJ \ e
100 150 200 250
M, [GeV]

Uppsala involvement in H—1t lep-had channel:
Henrik Ohman, Elias Coniavitis
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Categorization

Lep-lep Lep-had Had-had
VBEF (large An;;, m;) VBEF (large An;;, m;) VBF (large An;;, m;;)

Boosted (large p;") Boosted (large p;") Boosted (high-pjet)

VH (m;~myy) >1]
>1; 05
0"

* Light-lepton flavors merged in analysis channels, except for
Lep-had 1j and 0y categories

* Exact cuts applied detailed 1n backup slides

*. Onlz used for 7 TeV dataset
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Di-tau Mass Reconstruction

* Reconstructing invariant mass of ditau
system not straightforward, due to the
presence of neutrinos in the tau decay

 MMC method used to estimate ditau

invariant mass
— Exception: lep-lep in 7 TeV (used
collinear approx)

* Scan all points in parameter space and
calculate m__, then evaluate probability
of this 1- decay, given measured
observables

— Additional scan over E, miss and E_miss

E™ss resolution drives performaﬁce of the
method

E.Coniavitis - H—tt in ATLAS - Partikeldagarna - 26/11/2012

0.015

Arbitrary units

0.m

0.005

L (L B S

l-prong:decay -
45<p <50 [GeV] |
ATLAS Simulation —

+— Z -7t Srmudation

— Probability function —




Background Estlmatlon Z—>’cr

Embedding procedure:
— Select Z—pup events in data

— Replace muons with simulated taus with same
kinematics

Major advantage: Only tau decays are from Monte
Carlo, the rest (jets, pile-up, ...) comes from data
Normalization:

— Lep-lep: using simulation

— Lep-had, had-had: from data in low m_ window
Method validation

— By embedding muons instead of taus and comparing
to data

— By comparing to Monte Carlo

Lep-had VBF category uses high-statistics VBF-
filtered Monte Carlo samples instead

— Rescaled to data using Z—1l events with VBF
selection
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Background Estimation: Others

* Lep-had: Use same-sign events, rescaled by factor accounting for

difference between same sign (SS) and opposite sign (OS).

* For backgrounds with OS/SS asymmetry calculate OS-SS

Events / 5 GeV

component, to add on top
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— WHjets: Shapes from Monte Carlo;
normalization from control region of
large transverse mass

— Z—ece: Monte Carlo-based , rescaled
using e—7 fake-rate from dedicated
Z—ee study, verified in m_,~m, conrol
region.

— Top: Shapes from Monte Carlo;
normalization from control region of 2
jets, at least one b-tagged

— Other backgrounds from Monte Carlo
corrected for trigger and identification
efficiencies etc measured 1n data
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Background Estimation: Others

* Lep-had VBF category: use sample of inverted
tau-1dentification (higher stats) for multijets &
W+jets estimate rescaled with correction
factors from control regions

— Loose lepton isolation region for multijets
— High transverse mass region for W+jets

— Uncertainty on relative composition dominant
systematic for this background estimate

* Lep-lep, had-had: Fake-t backgrounds
estimated with template fits

— Z—1l background in lep-lep obtained using
control regions of different E;™ and m,,
requirements.

— Other important backgrounds from Monte Carlo
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Lep-had Mass Distributions (8 TeV)
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categories for 7 TeV see backup slides)
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7 TeV

8 TeV

VBF Mass Distributions

Lep-lep Lep-had Had-had

> T T T > Frr T e T s P e e
(05) 25 ee + el ++HMDI:a2-Jet VBF CGDJ 95 [T, g + €Tpag H+2-t VBF ] (05) 1ab Thadj‘hjd ::2-jets VBF
r - b — i o ata B
g L 5 x H(125)>tt ] 8 85 —+— Data 3 59 i —— 5x H(125)>tt ]
~ 5oL M Z-tr b — o —— H(125)—11 ] ~ 1oL [y ]
% L Bl Zoeepn ] % Us Bzt E % C I Multi-jet ]
o N I fi+single-top o 6:_ Il Others E ® 4ok Il Others ]
LLl F WW/Wz/zZz A L F I Faket ] ¥} r 77/, Bkg. uncert. ]
151 [ Fake leptons | 5F 77/ Bkg. uncert. = 8l det 465"
N 77, Bkg. uncert. o Ldt=4610" ] - J E
r ILdt=46fb" ] 4 ‘ = C ls=7TeV .
10F : . g \s=7TeV 1 6 ATLAS Preliminary]
i \s=7TeV 7 3k ATLAS Preliminary - 1
= ATLAS Preliminary - . ] 4F 1
r 22| ] 13_ _f 2r -
0_ . O: p - ] 0- 4 - 4
0 40 80 120 160 200 240 0 50 100 150 200 250 300 350 400 0 100 150 200 250
Collinear mass m,, [GeV] MMC mass m_, [GeV] MMC mass m_, [GeV]
E 301 ee+ e+ Hi2-jet VBF E 221 WT, y + 61, H+2-jet VBF 7 E 30 TpodThag H+2-jets VBF]
S I —+— Data 1o 20 —+— Data 1 © s
~ 25K — 2x H(125)>1t ~ 18F —— H(125)>1t 3 T 250 ; Z:ﬁ( )1t ]
2 r Bl Z5tt 1 2 160 Bl Zo 4 £ C I Multi-jet ]
a>) 20F . Z-eeup - G>J : I Others ] °>) 20F Il Others 7
& E B fiisingletop | W 14¢ [ Faket 1 I - 777/, Bkg. uncert.
r wwwzzz ] 19E 777 Bkg. uncert. ] - [Lat=13.0m"
15F [ Fake leptons g Ldt=13.0f" ] 151 ! =
- 777 Bkg. uncert. ] 10F J. = C Is=8TeV ]
I [Lat=1301" 7 8- \s=8TeV. 3 g ATLASPreliminary,
10 - E ATLAS Preliminary J 10 -
[ \s=8TeV 1 6 = C ]
o ATLAS Preliminary 1 ar 3 - E
i : 2- - : .
00 50 100 150 200 250 30 350 400 00 50 100 150 200 250 300 100 150 200 250
MMC m_, [GeV] MMC mass m_, [GeV] MMC mass m_, [GeV]

E.Coniavitis - H—tt in ATLAS - Partikeldagarna - 26/11/2012



Systematic Uncertainties

* Most important experimental systematic uncertainties
come from Embedding, Tau and Jet Energy Scale. Both
normalization and shape effect considered for these.

Uncertainty H — TippTiep H — TyepThad H — ThadThad
Z—- 1T
Embedding 1-4% (S) 2-4% (S) 1-4% (S)
Tau Energy Scale - 4-15% (S) 3—-8% (S)
Tau Identification - 4-5% 1-2%
Trigger Efficiency 2-4% 2-5% 2-4%
Normalisation 5% 4% (non-VBF), 16% (VBF) 9-10%
Signal
Jet Energy Scale 1-5% (S) 3-9% (S) 2-4% (S)
Tau Energy Scale - 2-9% (S) 4-6% (S)
Tau Identification - 4-5% 10%
Theory 8-28% 18-23% 3-20%
Trigger Efficiency small small 5%
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Combined Results

* Using profile likelihood
 Di-t invariant mass distribution as discriminant
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» Best fit value for signal strength (n) is 0.7 = 0.7
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Combined Results

* H-—71t can be sensitive to different production modes

* Introduce separate p for each production mode.
— VBF and VH combined since both depend on VVH coupling of SM.
— Fit pygpivps Hegr With fixed mass (m=125 GeV)
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Summary

Analysed 4.6fb! of 7 TeV data and 13 fb'! of 8 TeV
data

Expected sensitivity now very close to 1xogy,

— Observed 95% CL limit 1s 1.9xog,, for mH=125 GeV
(expected (u=0) 1s 1.2x0¢,)

— Observed local significance 1.1c (expected (u=1) 1s 1.70)
Best fit value for signal strength 1s 0.7 + 0.7

Results in (LygpypXB/Bgys HeorXB/Bgyy) plane
consistent both with SM Higgs and background-only
hypothesis

Further analysis improvements + more collected data:
Stay tuned!
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Event Display

j ] j -
l.. EXPERIMENT
Run Number: 209381, Event Number: 72873013
Date: 2012-08-28 04:17:16 CEST
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Backup Slhides
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Limits for 7/8 TeV
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Limits by Category

Lep-lep Lep-had Had-had
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Lep-lep Cuts Summary

2-jet VBF Boosted 2-jet VH 1-jet
Pre-selection: exactly two leptons with opposite charges
30 GeV < myp < 75 GeV (30 GeV < myy < 100 GeV)
for same-flavor (different-flavor) leptons, and prsa + pre > 35 GeV
At least one jet with pr > 40 GeV (|[JVFjet| > 0.5 if [njet| < 2.4)
ET™ > 40 GeV (ET™* > 20 GeV) for same-flavor (different-flavor) leptons
HZ™* > 40 GeV for same-flavor leptons
0.1<xa<l1
05< A¢([ <25

pr.j2 > 25 GeV (JVE) excluding 2-jet VBF |  pr jp > 25 GeV (JVEF)

excluding 2-jet VBF,

Boosted and 2-jet VH
An;; > 3.0 Pr.or > 100 GeV excluding Boosted M > 225 GeV
mj; > 400 GeV b-tagged jet veto An;; < 2.0 b-tagged jet veto
b-tagged jet veto 30 GeV < mj; < 160 GeV
Lepton centrality and CJV b-tagged jet veto
0-jet (7 TeV only)

Pre-selection: exactly two leptons with opposite charges
Different-flavor leptons with 30 GeV < my < 100 GeV and pr g + pre > 35 GeV
Adee > 2.5
b-tagged jet veto
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Lep-had Cuts Summary

7 TeV 8 TeV
VBF Category Boosted Category VBF Category Boosted Category
> pr v 530 GeV | — > pr = >30 GeV > pr =% >30 GeV
> EZ55 520 GeV > EZI55 520 GeV > EZSS 520 GeV > EZ55 520 GeV
> > 2 jets >p§>lOOGeV > > 2 jets >p§>100GeV
> pr/l,pr2>40GeV [p0<x; <1 > pril > 40, pr? >30GeV [»0< 1y < 1
> Anj; > 3.0 »02< <12 > Anj; > 3.0 »02<xm<12
>mj; > 500 GeV > Fails VBF >mj; > 500 GeV » Fails VBF
» centrality req. - » centrality req. -
> X0 <0 - b1 XN <0 -
> pr P& < 40 GeV - > pr o8l < 30 GeV -
- - > pr’ >26 GeV -
e mt <50 GeV e m1 <50 GeV e mt <50 GeV e mt <50 GeV
e A(AR) < 0.8 ¢ A(AR) < 0.8 ¢ A(AR) < 0.8 e A(AR) < 0.8
e YAp <35 e YAp<1.6 e YAp<28 -

e b-tagged jet veto

e b-tagged jet veto

1 Jet Category

0 Jet Category

1 Jet Category

0 Jet Category

> > 1 jet, pr >25 GeV
> ET' >20 GeV

>0 jets pr >25 GeV
> ET'° >20 GeV

> > _ljet,pr >30 GeV
> EX™ >20 GeV

>0 jets pr >30 GeV
> ET' >20 GeV

> Fails VBF, Boosted > Fails Boosted > Fails VBF, Boosted > Fails Boosted
o mt <50 GeV o mp <30 GeV o mt <50 GeV o mt <30 GeV
e A(AR) < 0.6 e A(AR) < 0.5 e A(AR) < 0.6 e A(AR) < 0.5
e ) Ap <35 e ) Ap <35 e ) Ap<35 e ) Ap <35

opfi,—p{.<0

op.‘ll—p.}<0
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Had-had Cuts Summary

Cut Description

Preselection | No muons or electrons in the event

Exactly 2 medium 73,4 candidates matched with the trigger objects

At least 1 of the .3 candidates identified as tight

Both 1,4 candidates are from the same primary vertex

Leading thagvic pr > 40 GeV and sub-leading mhagvic pr > 25 GeV, |l < 2.5
Thad candidates have opposite charge and 1- or 3-tracks

08 < AR(11.12) < 28

Ap(r, 7)< 1.5

if 2% vector is not pointing in between the two taus, min {A¢(E.‘l‘.““ 1) AG(ET™=, 1‘2)} <027

VBF At least two tagging jets, ji, jo, leading tagging jet with pr > 50 GeV
na X np < 0, Apj; > 2.6 and invariant mass m;; > 350 GeV

min(y ;1. 7,2) < 771,22 < Max(y;1, 7,2)
E=55 5 20 GeV

Boosted | Fails VBF

At least one tagging jet with pr > 70(50) GeV m the 8(7) TeV dataset
AR(T], Tz) <19

EXs > 20 GeV

if Ei’.“‘“ vector 1s not pointing in between the two taus, min {A¢(E."l‘.’”‘s rl),Aqb(E.i!’j-“, Tg)} < 0.1x.

E.Coniavitis - H—tt in ATLAS - Partikeldagarna - 26/11/2012

22



Lep-had Event Yields (7 TeV)

e-had u-had
Process Events Events
0-Jet 1-Jet 0-Jet 1-Jet

g9 — H (125 GeV) 94+ 03 £23 87+ 02 +£18 46+ 02 +12 64+ 02 13
VBF H (125 GeV) 0.09 +0.01 £0.01 1.68 +0.03 £0.15 0.04 +0.00 £ 0.01 1.35+0.03 £0.12
VH (125 GeV) 0.05 +0.01 £0.01 0.73 £0.04 £0.07 0.03 +0.01 +0.00 067 +0.04 +0.06
Z/y* — trembedded (OS-SS) | (2.57 £0.03 + 0.44)x10° | (1.63 +£0.02 + 0.24)x10°  (0.88 £ 0.01 = 0.17)x103 | (1.20 £ 0.02 = 0.17)x10°
Diboson (OS-SS) 21+ 06 +£0.3 122+ 13 1.1 23+ 03 +04 91+ 12 +08
Z[y* — ££(0S-SS) 47+ 5 x12 34+ 5 £8 10+ 3 +2 13+ 3 +4
Top (OS-SS) 07+ 02 +£02 121+ 3 =19 05+ 02 +0.1 92+ 3 +14
W boson + jets (OS-SS) 116 + 15 +6 (0.24 + 0.02 + 0.03)x103 65+ 11 +6 (0.15 £ 0.02 + 0.02)x103
Same sign data (0.40 +£0.02 + 0.06)x10? | (0.82 + 0.04 + 0.04)x 10 60+ 8 +3 (0.31 +0.02 + 0.02))x103
Total background (3.13 £0.04 £ 0.44)x10° | (2.85 £0.04 £0.25)x10°  (1.01 £ 0.02 = 0.17)x10° | (1.78 = 0.03 = 0.18)x10°
Observed data 3064 2828 058 1701

Process Events

Boosted VBF

g9 — H (125 GeV) 41+01 +10 0.17 £ 0.03 £ 0.06

VBF H (125 GeV) 1.52+0.03+0.13 0.87 £0.02 £ 0.15

VH (125 GeV) 0.86 £+ 0.04 +0.08 <0.001

Z/y > 1Tt (0.70 £ 0.02 + 0.10)x10° 65+ 06 15

Diboson * 84+ 07 08 0.12+0.06 £ 0.03

Z/y* — et 37+ 13 10 08+ 03 10

Top* 52+ 2 +9 1.2+ 03 +0.1

W boson + jets (OS-SS) 41+ 7 +8 -

Same sign data 90+ 10 =5 -

Fake-Tpaq.vis backgrounds - 08+02 04

Total background (0.90 + 0.02 + 0.10)x10° 95+ 08 =19

Observed data 834 10
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Lep-had Event Yields (8 TeV)

e-had u-had
Process Events Events
0-Jet 1-Jet 0-Jet 1-Jet

g9 — H (125 GeV) 259+ 08 +6.1 373+ 09 +84 343+ 09 +80 46+ 1 =11
VBF H (125 GeV) 0.30 + 0.05 +0.04 78+ 03 +05 047 £0.06 +0.04 85+ 03 +06
VH (125 GeV) 0.27 +0.05 +0.03 35+ 02 £02 0.20 + 0.05 £ 0.02 37+ 02 +0.3
Z/y* — 1T (0S-SS) (3.59 + 0.03 + 0.278)x10° | (4.50 + 0.04 + 0.37)x10° (7.13 + 0.04 £ 0.48)x10° [ (6.14 + 0.04 + 0.45)x10°
Diboson (OS-SS) 99+ 0.7 +09 27+ 1 +2 105+ 0.7 +0.9 30+ 1 £3
Z|y* — ££(0S-SS) (0.41 £ 0.04 £ 0.13)x10% | (0.28 £ 007 +0.14)x10>  (0.10 +£0.02 +0.02)x10? | (0.12 £ 0.02 + 0.03)x10°
Top (OS-SS) 8+ 2 1 (1.00 +0.02 + 0.03)x103 104+ 23 +06 (1.03 + 0.03 +0.05)x10?
W boson + jets (0S-SS) | (0.48 +0.07 +0.04)x10* | (1.32 +0.12 + 0.12)x10? (051 £0.09 +0.04)x10® | (1.0+ 0.1 +0.14)x10°
Same sign data (0.66 + 0.03 + 0.03)x10® | (3.68 + 0.06 + 0.18)x10? (1.03 £0.03 +0.07)x10* | (3.27 + 0.06 + 0.24)x10?
Total background (5.16 £+ 0.09 + 0.31)x10° | (10.8 + 02 +0.5)x10° 8.8+ 0.1 +05)x10° | (11.6+ 0.1 +0.5)x10°
Observed data 5012 10409 8300 11373

Process Events

Boosted VBF

g9 — H (125 GeV) 203+ 07 5.1 05+0.1+03

VBF H (125 GeV) 53+ 02 +03 25+02+04

VH (125 GeV) 27+ 02 +02 <0.001

Zy* -ttt (1.78 £ 0.03 + 0.11)x10° 17+ 2 +6

Diboson * 122+ 09 £10 06+03+04

Z/y* — et 18+ 9 x4 1.7+05+12

Top * 111+ 8 +33 20+07+10

W boson + jets (0S-SS) | (0.27 + 0.06 + 0.04)x 10> =

Same sign data (0.34 + 0.02 + 0.01)x103 -

Fake-Tpaq.vis backgrounds - 7.6+0.7+38

Total background (2.53 £ 0.07 £ 0.13)x10° 20+ 2 7

Observed data 2602 29
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Lep-lep Event Yields

E.Coniavitis - H—tt in ATLAS - Partikeldagarna - 26/11/2012

7 TeV
€€ + uu + €u
VBF category Boosted category VH category 1-jet category 0-jet category
gg — H (125 GeV) 020+004+007 35x02x04 04+01=x01 20+x01+08 25+1+4
VBF H (125 GeV) 105+003+0.10 090+003+005 005+001+001 056 +002+001 097+0.03£0.06
VH (125 GeV) 00 071+003+009 020+001+0.02 014+001+002 0.63+0.02+004
Z/y* — rrembedded 20£2x2 (041 £0.01 = 0.02)x10° 113+5+8 272+8+41 (10.71£0.05£0.07)x10°
Zly* — ¢t 15£06+06 T7£T7+6 27+4=+9 45+£5+24 (0.17+0.01+0 01)x 10°
Top 48:+05+06 13236 27+1+6 31210 284+4+15
Diboson 08+01+02 1740706 43+04x10 12£1x3 347+3+20
Backgrounds with fake leptons ~ 2.7+03+09 22+3+4 19+3+6 24+3x10 (1.56+0.02+0 40)x 10°
Total background 29%3x2 (0.66 = 0.01 = 0.02)x10° 190+ 7+ 15 (0.38+0.01 + 005)x10° (13.07+0.06+0.41)x10°
Observed data 28 673 176 371 13214
8 TeV
€c + py + ey
VBF category Boosted category VH category 1-jet category
g9 — H (125 GeV) 13:02+04 124:06+29 25+03+06 70£05+16
VBF H (125 GeV) 363+£010+002 336009030 021 +£003+002 182+007+0.18
VH (125 GeV) 001+£001+001 220+£005+022 064+003+009 044 +002+£005
Z[y* — rrembedded 47£2=+1 (124 £ 001 £ 0.08)x10° 393 +£7+26 (086 = 0.01 + 0.06)x10°
Zly* = 14£3+2 (021 £ 002 +0.04)x10° (0.08 + 0.01 +0.02)x10° (0.16 + 0.01 + 0.03)x10°
Top 15£2+3 (039 + 001 + 0.07)x10° 87+4+23 117+5+ 18
Diboson 36:08+06 55+£3+10 15£1+4 40+£3+7
Backgrounds with fake leptons 12£2+3 102+7+£23 864116 230 £ 8 £ 52
Total background 91 £5=%5 (201 £ 003 £0.12)x10° (0.66 + 0.02 +005)x10° (140 + 002 + 0.08)x10°
Observed data 98 2014 636 1405
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Had-had Event Yields

H — ThadThad

7 TeV analysis (4.6 fb )

VBF category

Boosted category

8 TeV analysis (13.0 fb )

VBF category

Boosted category

99 — H (125 GeV)

036 = 006 + 0.12

24 £02 £ 07

10 01 =03

82 =04 +138

VBF H (125 GeV) 112 + 004 + 0.18 068 + 003 £+ 007 |301 + 009 + 048 198 = 007 + 030
VH (125 GeV) <002 061 £ 005 = 006 <005 14 £02 +£02
Z/y* - rrembedded | 20 =2 £ 3 3902 £ 9 =12 50 £4 =6 1080 = 20 = 110
W/Z boson+jets 15 £07 =04 5 1 = 1 04 =04 9 = 20 = 30
Top 10 £02 =02 3003 = 05 14 £ 10 21+ 3+ 5
Diboson 0.10 £ 007 = 002 44 £ 06 = 07 <001 <0.5

Multyjet 102 £09 =50 156 £ 6 = 30 4 =5 =7 420 =+ 20 £+ 60
Total background 325 £22 £59 561 = 11 =+ 32 %6 +£6 =9 1607 + 37 = 130
Observed data 38 535 110 1435
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