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First of all:
in this talk BSM = MSSM

1) Common aspects to SM and MSSM Higgs — 7z analyses
2) SM H — r analysis
3) MSSM h/A/H — r analysis

4) Summary
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Reconstruction and identification of hadronic T decays

35% leptonic (t* — e* v, v,, ...) } “Tiep ]

e T decay BR < 50% hadronic 1-prong (t* —» n*nv,, ...) .
Thad
15% hadronic 3-prong (t"* »> n'n' 7w v,, ...) j
® 1,4 Signature very similar to QCD jets (big background).

® 1,4 Characterization: low track multiplicity, narrowness, isolation.

e Dedicated 1,44 triggers.

e Offline ID using Boosted Decision Trees and Log-LikeliHood:
“Medium” working point: 50% signal efficiency, factor >30 in jet rejection.
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Analysis strategy

Preselection
Channel-specific trigger + object selection + basic event selection. (Details in backup slides)

Y

Categorization
Channel-specific classification of events into mutually exclusive categories according to event topologies.
Each category targets one specific Higgs production process.

Y

(Farther) background suppression
Channel- and category-specific event selection to suppress the respective backgrounds.

Y

Discriminant distributions
Use 1t invariant mass as discriminant.

v

Statistical analysis
Extract limit on Higgs cross section, probability of background fluctuation, model parameters, etc.
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Reconstruction of the tt iInvariant mass

e Invariant mass of tt system can not be reconstructed directly due to presence of neutrinos.

Effective mass <
o M. = V(B(L)+P(L)+E, )2 used in SM 1,1, channel for 7 TeV data
Collinear mass =z

e Assumes momentum from neutrino(s) of a T decay has same direction as visible momentum.

Missing Mass Calculator (MMC)

e Provides reconstruction of event kinematics in a tt final state with ~99% efficiency.

e Reconstructs p™* for each t decay using all kinematic constraints and performing a scan over the
undetermined variables (and on the E;™* resolution).

e Assigns a probability to each outcome based on pdf's from simulated t decays.

e Takes the mass that maximizes the probability.

e Mass resolution 13-20% (better resolution for hadronic decays and for events with high-p+ jets).
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Z/y* — tr background modelling

Embedding technique

e Data-driven: consider a Z/y* — pu data sample.
Same event kinematics as Z/y* — tr, with negligible
Higgs contamination.

e Remove u from data; replace by t from simulated
Z/y* — 1 decay with same kinematics.
T decays well understood (TAUOLA).

e Advantage: only t decays from simulation,
rest of event is just data.

= Reduced systematic uncertainties.

e Systematic uncertainties from varying Z/y* — uu
selection (isolation cuts) and x energy subtraction
procedure, and from x acceptance effects (fiducial

tracking range, trigger and reconstruction efficiencies).

e Embedding procedure validation: embedding
muons instead of taus shows no bias
e Comparison to Z/y* — 7z Alpgen MC gives good

agreement in all channels
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e Analysis based on:
4.6 fo* of ATLAS data at Vs =7 TeV (full 7 TeV data set)
13.0 fb™ of ATLAS data at Vs = 8 TeV (>Y2 of the 8 TeV data set)
e All Tt decay modes included: TiepTiep 12%, TiepThad 4690, ThagThag 42%.

e Several different categories — 25 experimental sub-channels.
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SM Higgs production (at the LHC) and decays
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Decays of a 125 GeV Standard-Model Higgs boson

charm/anti-charm, 2z ¥ Z¥Y others
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Gluon Fusion (~19pb)
Dominant process.

Can exploit high p; Higgs,

or association with jets.

Vector Boson Fusion (~1.5pb)
Has the cleanest signature.
Associate with W/Z

Very important to study Higgs

coupling to weak bosons.
Here only hadronic decays

of W/Z are considered.

q WH Process T

Associate with tt: Neglected.

e H — 7z important to probe Higgs coupling to fermions.
e H — 7z only 6% BR, but can trigger on 1,4, SO all

T decay modes can be used, in all H production modes.
e Sensitivity reduced because not a clean channel:

- Thag FECONStruction challenging,

- Z/y* — tr largely irreducible background.
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Event selection example In H — 1,1,
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Categorization

VBF

At least 2 jets (with minimum p+ cuts between 30 and 50 GeV)
Large gap in n between the two leading jets,
and large invariant mass m; (>350-500 GeV)

elulthag IN Detween these two jets in n

Boosted category takes advantage of better tt mass resolution for high-pr objects
Not in VBF

pr(H) > 100 GeV (TiepTieps TiepThaa), l€AMING jet pr > 50-70 GeV (ThadThad)

At least 1 jet with pr > 40 GeV (TiepTiep)

Only defined in 1Ty
Not in VBF or boosted
At least 2 jets

Small gap in n between the two leading jets

Not defined IN T,,4Thag 0-jet Not defined in t,,4Thag

Not in VBF, boosted or VH . ~ andin 7 TeV T, Tiep

At least 1 jet }H< Not in VBF, boosted, VH or 1-jet
0-(iy) > 25-40 GeV 9 | 0jets with p, > 25-30 GeV
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VBF H — 1,,,4Thag Candidate event

A
Run Number: 209109, Event Number: 86250372 E"h.ﬂ%f A I LA S

Date: 2012-08-24 07:59:04 UTC 1

A EXPERIMENT

Display of an event selected by the H — Ty,9Thag analysis in the VBF category. The 1,4
candidates are indicated by green tracks. The dashed line represents the direction of the E!}.‘j““ vector,
and there are two VBF jets marked with turquoise cones. The transverse momenta of the T4 candidates
are 56 GeVand 49 GeV, E.Fll“'“ =26 GeV,m;; =408 GeV and mpyspc = 131 GeV.
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Main backgrounds

Each channel affected by different backgrounds !! = Cuts optimized separately.

Main backgrounds in each channel

Suppression cuts (a few examples)

TlepTIep Tlepthad

ThadThad (Complete list of cuts in backup slides 34-36)

physics backgrounds

° largely irreducible / rely on di-tau invariant mass
b-jet veto (not needed in 7 TeV TipThad)
m; <75 GeV

Zly* — 1t ° °
tt (VBF, boosted) g i
Z/y* — ee,uu ¢
instrumental backgrounds

multi-jets ° °
Z/y* — ee (e—Thag) °
Zy*(—ee,uu)tjet (jet—Thag) °
W(—lv)tjet (jet—Thaq) °
W(—Wv)+jet (jet—e,u) °

dedicated cuts on 1,4 candidate (0-jet & 1-jet ctgs.)

m; < 30-50 GeV

Smaller backgrounds from single-top and di-bosons.

Signal acceptance xefficiencies (for 8 TeV)

1.6% (TlepTIep) 2.4% (Tleprhad) 0.3% (Thadrhad)

(Event yield tables in backup slides 37-39)
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Background modelling — MMC mass (TiepTiep)

" eer @+ Hi2-jet VBF ]
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Background modelling — MMC mass (TiepThag, NON-VBF)

I Multi-jets: From data, inverting /-t..q charge-product from E 12001 Wi+ €T, BooSted |
opposite-sign (OS) to same-sign (SS). Correction factors & : D 1
: I » 1000~ ; Z:*m:( (os)-_s); B

to adjust fake rates. Contributions from other backgrounds § ! B Othors (OS.SS) |
in SS sample not subtracted. = Need OS minus SS add-on w800 o B o
i 7. Bkg. uncert. i

terms for the other backgrounds to account for possible 600 JLat-13.08 -
_ - (s =8TeV -

0OS-SS asymmetrles. 400; ATLAS Preliminary—
Nos = Nss + i = other bkgs Nios-ss 200; _
Uncertainties < 7%. - -

W Z/y* — tr: Embedding (OS-SS), normalized to data at 50 100 150 200
MMC mass m,, [GeV]

preselection in m,;; window of 40-70 GeV.

E g Hetget ]
Bl Top and W+jets: Shape from MC simulation (OS-SS). S 25001 4+ Dain .
- 7 B
Normalized to data in CRs. PR T
. . . _ . . © 2000 B Others (OS-SS) ]
Z/ly*(—ee up)tiets and di-bosons: MC simulation (OS-SS). 3 - W Same Sign Data -
For Z/y* — ee, e—1,,4 fake rate from data (tag&probe study). 1500} ///ﬁkgt' :"10: g"b.1 s
. Vs =8TeV 1
1000 ATLAS Preliminary
This method is not applied in VBF category, since it 500" ]
results in very large statistical uncertainties in the i .
0
background estimates due to the tight selection. 100 120 (200 [Ge\?7]50
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Background modelling — MMC mass (TjeyThass VBF)

T LU | LI | LI
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8 8
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Background modelling — MMC mass (ThaqThad)

B Z/y* — 2 Shape from embedding. Normalization from 2D E 30F i 5 He2jets VBF
template fit to N distributions of the two 1,4 (USING as 2 253_ I git?-l(125)—>ﬂ E
-~ B Bl 2ot -
templates MC for Z/y* — 7z and SS data for multi-jets). £ - W Multi-jet -
g_’ o0l Il Others ]
L - 7. Bkg. uncert. 1
15: ILdt=13.0fb'1 ]
- s=8TeV
B ATLASPreliminary]
10_— ]

100 150 200 250
.. : : MMC mass m,, [GeV]

I Multi-jets: Shape from data CR, inverting OS to

_ _ o 140 T Hitdet Boosted |
anti-OS (7 TeV), or with reversed 1,4 ID (8 TeV). O e Data .
. . ) . ® 120  sx H(125)—>t ]
Normalization with same N« 2D fit technique. @ T 1
o 100 I Multi-jet h
.. > L Jo) -
Uncertainties < 11%. m _ Bigéf;‘ncen_ ]
80 1
Other backgrounds: JLat-asn’
For 8 TeV VBF boosted 60 s =7TeV 1

MC simulation.

ATLAS Prelimi v
ogH:VBF:VH [%] | 25:74:1 |  71:17:12 reiminary

) 40 ]
Expected signal ~4 ~12 ]
Total background | 96+6+9 @ 1607+£37+130 20 B
Observed data 110 1435 ]

P
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.E 6 [ ]t2¢ . E ... Expected for SM Higgs Boson 3 > 3 + assh:/"p?;':::i‘:n =

5 5:_ NESS _j E - Expected for SM Higgs Boson at m =125 GeV E :LE o i_ or Backgroundonly
| o C

@) C ] 1 = - R my, = 125 GeV

L 4 = F g T = = o —
0 : ] - : -
u . - 1o C
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35 \_\\——»‘// E .10_1 o 3 -

Ly e ,.-—"' _: ___________________ .._._520 -15_ E

1| 1 10%F E 21 E

0:\ | [ | ‘ L1 | [ R B AT N B R | |: i | — I I | | IS — | N | I N i -3 :1— | I | | ‘ 1 1 | | | | 1 | L 1 1 ‘ | I L —:‘

100 110 120 130 140 150 100 110 120 130 140 150 -2 0 2 4 6 8

my, [GeV] my [GeV] U _xB/Bg,

agF
e Observed (expected) 95% CL upper limit on the Higgs boson cross-section times branching ratio
normalized to the SM prediction for my = 125 GeV: y,, ( o/osy) = 1.9 (1.2).
e Observed (expected) background fluctuation probability for my = 125 GeV: p, = 13.5% (4.7%) - 1.16 (1.70).
This corresponds to a best fit value: ppes: = 0.7 £ 0.7.
e Most significant deviation from background-only hypothesis observed for my = 110 GeV: 7.2% - 1.5c.
e Considering ggF and VBF+VH contributions separately, best fit gives:
Hggr X BR(H—11)/BRsy(H—11) = 2.4 (2.1)
Mversvi X BR(H—11)/BRgy(H—11) = -0.4 (0)

values in () are constraining u =0

Consistent with SM Higgs and background-only hypotheses within 95% CL contour.
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MSSM h/A/H — tt

e Analysis based on:
4.7 fo* of ATLAS data at Vs =7 TeV (full 7 TeV data set)

e 4 1t decay modes included: t,t, 6%, T,Thag 23%, T,Thag 23%, ThadThad 42%.

e 2 different categories — 8 experimental sub-channels.
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MSSM Higgs sector

e 2 Higgs doublets to give mass to up- and down-type fermions.
— 5 physical states: 3 neutral h/H (CP-even) A (CP-odd), 2 charged H*.

e 2 parameters at tree level: tanf3 = v,/ Vgown AN Ma.

e Large higher-order corrections involving many more SUSY parameters. = Use benchmark scenarios.

e Results interpreted in m,"® scenario (m, maximized in SUSY parameter space for each pair of (tan3,m,)).

Consider Higgs sector bilinear coupling p > 0.
' BN B OB BN OB BN BN B BN B B B B B B B O . i

' Region to be probed: large tanf
e Limits from LEP: m,,m, = m,. » inrange 90 GeV < m, <500 GeV ,

LEP§8-200 GeV Preﬁnﬁna:z
Bl —

A L]

- Mgprr=1 Te; - \g
¥2,=700 GeV

1=-200 GeV
m,; ;. =800 GeV

Stop mux: X=2M ey ||

e |n this scenario, and for large tang, two of the

neutral Higgs bosons are closely degenerate
in mass.
For m, <130 GeV: m,, = m, and my < 130 GeV.

For m, > 130 GeV: m;, = 130 GeV and m, = m,,.

Excluded
by LEP
Theoretically
Inaccessible

k ‘m
0 20 40 60 80 100 120 )140 0 100 300 400 §00
m,, (GeV/cT) m,. (GeV/c)
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MSSM neutral Higgs production (at the LHC) and decays

E El -8 E e g 2007 0.6

= 10°E Ns=7TeVH; S 107 s _
x E ja X E i 2 180 .
+ h o g I P
< 10 48 © 10; : :
T T : 160 ;
(o} Q. I

a 1 1 & 1t i

o] o) =

S
M 4 (GeV)

—
Q
o

----- bbh/H i N\
F X scenario - mhTmax scenario
- | . ! ! ! I R | | L ! 1 1 LS L N n I |
104102 10° 104102 10° 10 20 tam‘830 40 50
M, [GeV] M, [GeV] Ratio of total production cross section
MSSM h / SM Higgs (with same mass).
e Coupling to b quark enhanced at large tang. Associated with b-quarks

i Dominates at large tang.
Gluon Fusion JgwwwwEy, T T N ¢
_ Large scale dependence: at
Dominates at small tanf. PR SR SRR ¢ _ o -
’ least 3 diagrams contributing.  ?

9

e Decay modes (typical values for interesting
regions of parameter space): bb (~90%),
1t (~10%), uu (~0.03%), SUSY particles(?). b
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Categorization, backgrounds, b-jet ID

e 2 categories used, targeting the 2 MSSM h/A/H production modes:

b-tagged b-vetoed

- Exactly 1 b-jet (t.1,). g No b-jet (z.1,).

T+
~ Highest-E; jet b-tagged :>¢< Highest-E; jet not
"C _
2 t b'tagged (TlepTham ThadThad)-

(T|epThad, ThadThad)-

e Same backgrounds as in SM analysis (Z/y* — Il not a background in t,Tep, Since only using t.t,).

e b-jet ID important.
Use multivariate algorithm based on a Neural Network,
making use of following signatures:
- large impact parameter (IP) and IP significance of tracks associated to the jet
- displaced secondary vertex from b- and c-hadron decays.
Efficiency ~70% (in tt events).

Rejection factors ~130 for light jets, ~5 for c-jets.
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Background modelling

e Z/y* — 1. Embedding (normalized to MC), except in th.qThag Channel where MC simulation is used

(triggers not modelled in embedded sample; emulation hard for di-t,,4 trigger).

e Multi-jets: ABCD method Shape from region B or C, subtracting other backgrounds using simulation.

A

Normalization USing I\IAmuIti-jets/ NBmuIti—jets - I\Icmulti-jets/ I\IDmuIti-jets-

e/u 1solation

C opposite-sign D same-sign
fail fail

A opposite-sign B same-sign
pass pass

>

signal region

/7 or tau-ID

uncorrelated variables

— charge product

e All other backgrounds: MC simulation.

tt normalized to data in CRs (except in ThagThad)-

Corrections for instrumental effects
e Z+jets, W+jets and tt MC:

Adjust for data-MC differences in

jet — 1,4 fake rate: 0.54-0.88 (5-15%)
e Z+jets and W+jets MC:

Adjust for data-MC differences in b-jet

fraction: 1.0-1.24 (£ up to 30%)

(*)my =150 GeV T, TiepThad ThadThad

and tanf = 20 b-tagged | b-vetoed | b-tagged b-vetoed | b-tagged | b-vetoed
bbH:ggH [%] 89:11 65:35 93.7 59:41 94:6 61:39
Expected signal™ ~20 ~413 ~37 ~526 ~8 ~120
Total background | 201£20 | 13000+£1000 334+20 | 11800£1000 25+5 1200+80
Observed data 181 12947 377 11458 27 1223

(Complete event yield
tables in backup slide
46.)
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tt Invariant mass distributions
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Good agreement between data and background model.
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Systematic uncertainties

Source Uncertainty on yield
Energy scale and resolution (on u, e, Thaq, jets) 10-37% for signal
Cross section for signal ggH and bbH samples 10-20%
Acceptance modelling for simulated samples 2-20%
Data-driven background estimation < 15%

Thag |ID @nd trigger efficiencies (more important in t,,4thag Channel) < 11%

Cross section for Z and W background samples 5%

b-jet ID 5% in b-tagged sample
Luminosity (signals and backgrounds not normalized with data-driven methods) 3.9%
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e Analysis combined with H — uu channel.
e 95% CL upper limits on tanf (using Higgs boson cross sections in the m,™ scenario with p > 0).

Best limit occurs for m, = 130 GeV: tan > 9.3 (expected 10.3).

e Further interpretation in terms of a single scalar boson ¢.
— 95% CL upper limits on g,xBR(¢—7z/141) as function of m, for gluon-fusion and b-associated

production modes.
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SMH— 11

e Search based on 4.6 fb™ and 13.0 fb™* of ATLAS data at Vs = 7 TeV and 8 TeV respectively.

e All Tt decay channels included.

e Observed (expected) 95% CL upper limits on a/ogy are 1.9 (1.2) for my = 125 GeV.
Observed (expected) background fluctuation probabilities are 1.1c (1.706) for my, = 125 GeV.

e No significant excess observed over predicted background.

e Results compatible with both background-only and SM Higgs.

MSSM h/A/H — 1z
e Search based on 4.7 fb™" of ATLAS data at Vs = 7 TeV.
e Include 4 tt decay channels: 1.1, T.Thad, T,Thads ThadThae. COMbInation with H — pu decay channel.
e 95% CL upper limits on tang in range 90 GeV < m, < 500 GeV.
Best limit at m, = 130 GeV: tan > 9.3 (expected 10.3).
e NO excess observed over predicted background.
e Results interpreted in the m,™® scenario.
e Significant portion of non-excluded parameter space still compatible with last year discovered particle

at LHC being one of the neutral CP-even MSSM Higgs bosons.

e Coming soon: updated analyses with all 2012 ATLAS data.
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Backup slides




Preselection

e Summary of most generic preselection criteria (for both SM and MSSM analyses).

—— Triggers: single- and di-lepton (t.e,Tep), Single-lepton and lepton-tau (TiepThad), di-tau (ThagThad)
— Isolated u's and ¢e's with py cuts to be at trigger plateau (or p# > 10 GeV, E;* > 15 GeV)
— Thag With 1 or 3 tracks, charge =1, p; > 20-40 GeV, |n| < 2.5

— Jets with pr > 25 (20) GeV (MSSM), |n| < 4.5 (suppress jets from pile-up)

— Exactly 2 (tiepTiep)s 1 (TiepThad)s O (ThadThad) € OF 1

} with opposite charge

1 (TlepThad), 2 (ThadThad) Thad

—— SM: Lower E;™s cut to account for v's

e Additional cuts are applied at the preselection level to suppress backgrounds.
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Statistical analysis

e Frequentist approach using a binned likelihood function:

Luo)= 1] Fe@jlu si+b)][Fa®ilo,1)
j = bin and o —
category Poisson Gaussian

b;: expected background yield, s;: signal yield predicted by SM or MSSM for a given tanf3-m, point,
w: “signal strength”, N;: n° events observed in data. b, and s; depend on systematic uncertainties
parameterized by nuisance parameters, 6, constrained by Gaussians.

e For calculating upper limits use the following test statistic:

( L(p,0,)
—21n | =M if i < 0,
L(0,860)
Qp = § ( 9) . o
—2In < if0< i<y,
(c(e <hsp
. 0 if i > p,

95% CLs upper limit on u given by p(q,.|us+b) / p(g.|b) = 0.05.

e For calculating local py-values use the following test statistic:

o (M) FeE
go — E(P’: 9)

0 if i <0,
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VBF H — 1,7, Candidate event

CATLAS

JA EXPERIMENT

Run Mumber; 209381, Event Number: 72873013
Date: 2012-08-28 04:17:16 CEST

Display of an event selected by the H — TiepTiep analysis in the VBF category, where one
T decays to an electron and the other to a muon. The electron is indicated by a green track and the
muon indicated by a red track. The dashed line represents the direction of the E-.r;‘i“ vector, and there
are two VBF jets marked with turquoise cones. The muon pt is 20 GeV, the electron pt is 17 GeV,
E.’l'.‘it""" =43 GeV,m;; = 1610 GeV and mymc = 126 GeV.
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VBF H — 1,144 Candidate event

A I I A S Run Number: 204265, Event Number: 178165311

EXPERIMENT Date: 2012-06-02 19:53:30 CEST

Display of an event selected by the H — T)pThaq analysis in the VBF category, where one 7
decays to a muon. The hadronically decaying 1 lepton (1 prong decay) is indicated by a green track and
the muon is indicated by a red track. The dashed line represents the direction of the EI}.‘““’ vector, and
there are two VBF jets marked with turquoise cones. The muon pr is 63 GeV, the 1,9 candidate pt is
96 GeV, E’im" =119 GeV,m;; = 625 GeV and mpypec = 129 GeV.
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List of triggers

Channel | Trigger | Trigger py Threshold (GeV)  Offline pr Threshold (GeV)
T TeV
electron pr 2 GeV
H — TypTiep single electron pr°>20-22 above trigger threshold
]J'|""r = 10
, ) prF > 20
single muon prio= 18 o€ > 15
. pret > 12 prel > 15
di-electron o > 12 e = 15
: pr# =15 prt > 16
di-muon pr*s > 10 pr* = 10
- pr® =10 prf =18
& — i combined b > 6 o = 10
H — TiepTha single electron pr® > 20-22 o€ > 25
pp Tl = 20
single muon prt o= 18 P > 25
pr = = 20
combined £ + Ty prt =15 17 < pr® < 25
P Thad-vi = 16‘ — 2[] P Thad-vi =5 25
H — ThagThad combined two Ty pp Tt % 20 By e % 40
pp Tl 20 pp Tl m 25
8 TeV
H — TipTie single electron Pyt > 24 pre>25
o ‘ ’ pr# > 10
. pret s 12 pret =15
di-electron prel > 12 el > 15
. r* > 18 AT > 20
di-muon r:?]'r s g ij# > 10
4 4
€ — i combined r;:[.y::, IEI ;:IJ " z ig
H — TypTiad single electron prt =24 o > 26
P[ Thosd-vis = 2[}
single muon prio= 24 prF > 26
pr ™ =20
combined & + Thad-vis pre o= 18 20 < pr© < 26
prr e s 20 pr e = 25
combined H T Thad-vis Pr =15 17 = ﬂ]"'u < 26
pp Tt 20 pp Tl n 25
H — ToguTiay combined two Ty pp Tl » 30 By et > 40
pr e w20 pp T = 35
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Event selection (TiTiep)

2-jet VBF | Boosted | 2-jet VH | 1-jet
Pre-selection: exactly two leptons with opposite charges
30 GeV < myy < 75 GeV (30 GeV < myg < 100 GeV)
for same-flavor (different-flavor) leptons, and prs1 + pre > 35 GeV
At least one jet with pr > 40 GeV (|JVFj| > 0.5 if [jer] < 2.4)
E%ﬂss > 40 GeV {Eff:'i“ > 20 GeV) for same-flavor (different-flavor) leptons
HT"™* > 40 GeV for same-flavor leptons
0.1 < X12 < 1
0.5 < ﬂqﬁgg <25

prn>25GeV (V) | excluding 2-jet VBE | pr.» > 25 GeV (IVE) ;’;iﬁ:;nfn ";'J;‘}:El;’l
Anji > 3.0 pPrrr > 100 GeV excluding Boosted Merj > 225 GeV
mj; > 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 b-tagged jet veto

0-jet (7 TeV only)

Pre-selection: exactly two leptons with opposite charges
Different-flavor leptons with 30 GeV < mg; < 100 GeV and pre + pre > 35 GeV
ﬁqbgg > 2.5
b-tagged jet veto
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Event selection (Tie,Thag)

T TeV

8 TeV

VBF Category

Boosted Category

VBF Category

Boosted Category

> pr dvis 30 GeV
> E?iss >20 GeV

> EMSS 20 GeV

> pr s 530 GeV
> E,rf,ﬂ“ >20 GeV

> pr s >30 GeV
> ETiSS 520 GeV

> > 2 jets bplﬁbl{]{JGeV > > 2 jets bp%}l{}OGeV
> pril,pr? >40GeV | »0<x <1 > pril >40,pr2>30GeV |p0<x; <1
>An;; > 3.0 02 <x <12 >An;; > 3.0 p02<x <12
>mjj > 500 GeV » Fails VBF >mj; > 500 GeV » Fails VBF

> centrality req. — » centrality req. —

> 71 X172 <0 - > 71 X172 <0 -

>pr Pl <40GeV | - > pr % < 30 GeV -

_ - > pr ¢ >26 GeV —

o mp <50 GeV o my <50 GeV o myp <50 GeV o my <50 GeV
e A(AR) < 0.8 e A(AR) < 0.8 e A(AR) < 0.8 e A(AR) < 0.8

e YAp <35 e YAp<1.6 e Y Ad <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
> E?i“ >20 GeV

> 0 jets pr >25 GeV
b E%li“ >20 GeV

» 2> 1jet, pr >30 GeV
> Eff,ﬂ“ >20 GeV

> 0 jets pr >30 GeV
b E%li“ >20 GeV

> Fails VBE, Boosted > Fails Boosted > Fails VBE, Boosted » Fails Boosted
o mp <50 GeV o m <30 GeV o mp <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
- -pﬁ,—pfr*:{} - -pi":,—p;{:{]
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Event selection (th.q4Thad)

Cut Description
Preselection | No muons or electrons in the event
Exactly 2 medium 1y,,4 candidates matched with the trigger objects
At least 1 of the 1,y candidates identified as tight
Both 1,4 candidates are from the same primary vertex
Leading Tyq4.vis Pr > 40 GeV and sub-leading ty;4.vis pr > 25 GeV, || < 2.5
Thad Candidates have opposite charge and 1- or 3-tracks
0.8 < AR(T),12) < 2.8
An(t,T) < 1.5
if E.'l“.‘j'“ vector is not pointing in between the two taus, min [ﬂqﬁ(ﬁ.’}“ss, T1), ﬂqﬁ(E.Tj“S, rg}] < 0.2n
VBF At least two tagging jets, ji, j2, leading tagging jet with pr > 50 GeV
nj X nj2 <0, An;; > 2.6 and invariant mass m;; > 350 GeV
min(nji,7j2) < 1, ez < max(n, 1n;2)
ET > 20 GeV
Boosted Fails VBF
At least one tagging jet with pp > 70(50) GeV in the 8(7) TeV dataset
AR(T1,T2) < 1.9
E.’}“SS > 20 GeV
if E.'l“.‘j-‘*“ vector is not pointing in between the two taus, min [ﬂqﬁ(ﬁﬂ‘,"’“, T1), .ﬂqﬁ(EFl'.”'“, rg}] < 0.1m.
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Expected yields and observed number of events (tiepTiep)

7 TeV
ee + [ + eu
VBF category Boosted category VH category 1-jet category D-jet category
gg — H (125 GeV) 0.20 + 0.04 £ 0.07 35+02+04 04+01+01 20+£01=x08 25+1+4
VBF H (125 GeV) 1.05 £ 0.03 £ 0.10 0.90 £ 0.03 £ 0.05 0.05 £ 0.01 £ 0.01 0.56 +£ 0.02 £ 0.01 0.97+0.03+0.06
VH (125 GeV) 0.0 0.71 £ 0.03 + 0.09 0.20+ 0.01 £ 0.02 0.14 £+ 0.01 £ 0.02 0.63+£0.02+0.04
Z/y" — trembedded 20242 (0.41 £ 0.01 = 0.02)x10° 113+£5+8 272+ 8+ 41 (10.71£0.05£0.07)x10°
Zlyt — £f 1.5+ 0.6 £0.6 T7+7+6 27+4+9 45+5+24 (0.17£0.01£0.01)x10*
Top 48+05+06 132+3+6 27+1+6 31+2+10 284+4+15
Diboson 0.8+0.1+0.2 174 + 0.7+ 0.6 43+04+10 12+1+13 34743420
Backgrounds with fake leptons 2720309 22+3+4 19+£3x6 24+3+10 (1.56+0.02+0.40)x10°
Total background 20+3+2 (0.66 + 0.01 + 0.02)x10° 190+ 7+ 15 (0.38+0.01 + 0.05)x10°  (13.07+0.06+0.41)x107
Observed data 28 673 176 371 13214
8 TeV
ge + [y + ey
VBF category Boosted category VH category 1-jet category
gg — H (125 GeV) 13+02+04 124+ 06 £29 250306 70+x05+1.6
VBF H (125 GeV) 3.63+0.10+0.02 3.36 £ 0.09 + 0.30 0.21 £0.03 £ 0.02 1.82 + 0.07 £ 0.18
VH (125 GeV) 0.01 £0.01 £0.01 220+ 0.05+£0.22 0.64 +0.03 £ 0.09 044 + 0.02 + 0.05
Zfy* — trembedded 47+2+ 1 (1.24 + 0.01 + 0.08)x10* 393+ 7+ 26 (0.86 + 0.01 + 0.06)x10°
Zlv" — £f 14+3+2 (021 +0.02 {].04)><l{]3 (0.08 £ 0.01 + U.02}x103 (0.16 £0.01 + {].{]3)><1{]3
Top 1I5+2+3 (0.39 + 0.01 :t{].{]T)Xl{]3 87+4+23 117+5+ 18
Diboson 360806 55310 I5+1+4 40+3+7
Backgrounds with fake leptons 12+2+3 102 + 7 +23 B6+4+16 230+ 8+ 52
Total background 91+5+5 (2.01 £0.03 £ 0.12)x10° (0.66 + 0.02 = 0.05)x10° (1.40 £ 0.02 + 0.08)x10°
Observed data 08 2014 636 1405
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Expected yields and observed number of events (tjpthaq)

7 TeV 8 TeV
Process T Thaa Channel Events Process  T.Tn,4 channel Events
0-Jet 1-Jet 0-Jet 1-Jet
gg — H (125 GeV) 94+ 03 £2.3 87+ 02 +1.8 gg — H (125 GeV) 259+ 0.8 +£6.1 373+ 09 +84
VBF H (125 GeV) 0.09 + 0.01 +£0.01 1.68 + 0.03 + 0.15 VBF H (125 GeV) 0.30 £ 0.05 = 0.04 7.8+ 0.3 +£0.5
VH (125 GeV) 0.05 £ 0.01 +£0.01 0.73 + 0.04 + 0.07 VH (125 GeV) 0.27 £ 0.05 £ 0.03 35+ 02 +£0.2

Z{y* — rrembedded (OS-SS)

Diboson (OS-S8S)

Z{y* — ££(08-58)
Top (OS-S88S)

W boson + jets (OS-88)
Same sign data

(2.57 +0.03 + 0.44)x103
2.1+ 06 £0.3
47+ 5 +12
0.7+ 02 0.2
116 £ 15 +6
(0.40 + 0.02 + 0.06)x103

(1.63 + 0.02 + 0.24)x10°
122+ 13 £ 1.1
34+ 5 +8
121+ 3 +19
(0.24 + 0.02 + 0.03)x103
(0.82 + 0.04 + 0.04)x103

Z/y* — 17 (0S-85)
Diboson (OS-SS)

Zy* — ££(08-S8)
Top (OS-88)

W boson + jets (OS-SS8)
Same sign data

(3.59 + 0.03 + 0.278)x103
99+ 0.7 £09
(0.41 + 0.04 + 0.13)x103
8+ 2 =1
(0.48 + 0.07 + 0.04)x103
(0.66 + 0.03 = 0.03)x103

(4.50 + 0.04 + 0.37)x10°
27+ 1 +2

(0.28 + 0.07 + 0.14)x10°

(1.00 + 0.02 + 0.03)x10°

(1.32 + 0.12 + 0.12)x10°

(3.68 + 0.06 + 0.18)x10°

Total background (3.13 £ 0.04 + 0.44)x10° | (2.85 + 0.04 + 0.25)x10? Total background (5.16 + 0.09 + 0.31)x10? (10.8 + 0.2 + 0.5)x10°
Observed data 3064 2828 Observed data 5012 10409
Process T,Tha channel Events Process  T,Ty, channel Events
0-Jet 1-Jet 0-Jet 1-Jet
gg — H (125 GeV) 46+ 02 +1.2 6.4+ 02 +1.3 gg — H (125 GeV) 343+ 09 +£8.0 46+ 1 =11
VBF H (125 GeV) 0.04 + 0.00 = 0.01 1.35+0.03 +£0.12 VBF H (125 GeV) 0.47 + 0.06 + 0.04 85+ 03 0.6
VH (125 GeV) 0.03 + 0.01 + 0.00 0.67 + 0.04 + 0.06 VH (125 GeV) 0.20 + 0.05 + 0.02 37+ 02 +£0.3
Z/y* — tTembedded (OS-SS) | (0.88 + 0.01 + 0.17)x10% | (1.20 + 0.02 + 0.17)x10° Z]y* — 17 (0S8-588) (7.13 + 0.04 + 0.48)x10° | (6.14 + 0.04 + 0.45)x10°
Diboson (0OS-58) 23+ 03 04 9.1+ 1.2 +0.8 Diboson (0S-58) 105+ 0.7 £0.9 30+ 1 +£3
Z{y* — ££(08-58) 0+ 3 +2 13+ 3 +4 Z]y* — ££(08S8-585) (0.10 + 0.02 + 0.02)x10% | (0.12 + 0.02 + 0.03)x10?
Top (OS-SS) 0.5+ 02 +0.1 92+ 3 +14 Top (OS-SS) 104+ 23 £06 (1.03 + 0.03 + 0.05)x10?
W boson + jets (0S-SS) 65+ 11 =6 (0.15 + 0.02 + 0.02)x103 W boson + jets (0S-SS) | (0.51 + 0.09 + 0.04)x10° (1.0+ 0.1 +0.14)x10?
Same sign data 60+ 8 +3 (0.31 + 0.02 + 0.02))x10? Same sign data (1.03 + 0.03 + 0.07)x10% | (3.27 + 0.06 + 0.24)x10?
Total background (1.01 + 0.02 + 0.17)x10% | (1.78 + 0.03 + 0.18)x10° Total background 8.8+ 0.1 £0.5)x10° | (11.6 = 0.1 +0.5)x10°
Observed data 958 1701 Observed data 8300 11373
Process Events Process Events
Boosted VBF Boosted VBF
gg — H (125 GeV) 41+ 0.1 £1.0 0.17 £ 0.03 + 0.06 gg — H (125 GeV) 203+ 0.7 £5.1 05+01+03
VBF H (125 GeV) 1.52 + 0.03 £ 0.13 0.87 £ 0.02 +£0.15 VBF H (125 GeV) 53+ 02 £03 25+02+04
VH (125 GeV) 0.86 + 0.04 + 0.08 <0.001 VH (125 GeV) 27+ 02 0.2 <0.001
Ziy* > 117 (0.70 + 0.02 + 0.10)x10° 6.5+ 06 £1.5 Z/yt — 1] (1.78 £ 0.03 + 0.11)x10° 17+ 2 +6
Diboson T 84+ 0.7 £0.8 0.12 +£ 0.06 + 0.03 Diboson * 122+ 09 +1.0 06+03+04
Zjy* — ££7 37+ 1.3 £ 1.0 0.8+ 03 1.0 Zly* — e 18+ 9 +4 1.7+05+1.2
Top T 52+ 2 9 1.2+ 03 0.1 Top * 111+ 8 £33 20+07+1.0
W boson + jets (OS-SS) 41+ 7 =8 - W boson + jets (0S-58S) (0.27 + 0.06 + 0.04)x10° -
Same sign data 90+ 10 =5 - Same sign data (0.34 + 0.02 + 0.01)x103 -
Fake-Thad-vis backgrounds - 0.8+ 02 +04 Fake-Thag4.vis backgrounds - 7.6 +0.7+ 3.8
Total background (0.90 + 0.02 + 0.10)x10° 95+ 08 =19 Total background (2.53 £ 0.07 £ 0.13)x10° 29+ 2 +7
Observed data 834 10 Observed data 2602 29
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Expected yields and observed number of events (ThaqThag)

7 TeV

8 TeV

H — ThadThad

7 TeV analysis (4.6 fb~1)
VBF category Boosted category

8 TeV analysis (13.0 fb™1)

VBF category

Boosted category

gg — H (125 GeV)
VBF H (125 GeV)
VH (125 GeV)

036 + 006 + 0.12 24 + 02 =+ 07
1.12 + 0.04 + 0.18  0.68 + 0.03 = 0.07

1.0 £01 =+ 03
3.01 £ 0.09 = 048

82 +04 = 18
198 + 0.07 = 0.30

<0.02 0.61 + 0.05 + 0.06 <0.05 14 +£02 + 02
Z/y" - trembedded | 20 + 2 <+ 3 392 £ 9 £ 12 50 +4 +6 1080 + 20 + 110
W/Z boson-+jets 15 £07 += 04 5 =1 =+ 1 04 + 04 90 + 20 = 30
Top 1.0 £02 + 0.2 30+ 03 £ 05 14 £+ 1.0 21+ 3+ 5
Diboson 0.10 + 0.07 + 0.02 44 + 06 = 0.7 <0.01 <0.5
Multijet 102 £ 09 =+ 5.0 156 +6 + 30 4 +35 +=7 420 + 20 + 60
Total background 325 22 £ 59 561 + 11 =+ 32 9% +6 =9 1607 + 37 + 130
Observed data 38 535 110 1435

Andres Tanasijczuk (SFU)
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1T Invariant mass distributions (TiepTiep)
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invariant mass distributions (T, Thag)
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1t Invariant mass distributions (t,aqThad)
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Systematic uncertainties
| H — ThadThad

Uncertainty | H — TiepTiep H — TiepThad
Z—-T11T
Embedding 14% (S) 2-4% (8) 14% (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% (VBE) 9-10%
Signal
Jet Energy Scale 1-5% (8) 3-9% (8) 2-4% (8)
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%

e Theory:

QCD scale: ~1% for VBF and VH, 8-25% for ggH.

PDF: ~ 8% (4%) for gluon-initiated (quark-initiated) processes.
Hadronization, parton shower, ISR/FSR, underlying event: 10-30% for VBF signal, smaller for others.

e Background modelling:

(S) = also shape uncertainty

Largest uncertainty is in W+jets fraction estimate in fake-factor method (tepthag, VBF): ~50%.

Higgs Hunting 2013, July 25-27, Orsay-France
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Limits on Higgs cross section

E 18; | T T 1 1T | L L L | T 1 T 71 I LU B | LI S I I, E 121 | T 1 1 1 | T 1 1 1 | T 1 T 1 ‘ L |-[ -I L [l E 12I | T T T 1 l 1 1 1 | LI [ T T 1 | L I T
o F O Ho T T ATLAS Preliminary | ©’ [ Ho 1, T, ATLAS Preliminary | ¢” T Ho 1 T ATLAS Preliminary |
© 16 o ObservedCL, [Ldt=46f"(s=7TeV | © - —e-ObservedCL_ [Ldt=46f"(s=7TeV | © - —e-Observed CL, [ Ldt=4.610"(s=7TeV -
S 142_ --- Expected CL, [ Ldt=13.0f6",(s=8TeV | § 101 ___ Expected cL [Ldt=13.0f"s=8TeV | § 10 Expected CL, |[Ldt=13.0f",{s=8TeV |
= r [ l+2 1 E T [t2 1 = r [+2 1
% 12F M1 4 5 8 ER s E 8- R S
— r — L - L
O 1oF 1 O i 1 O C i
Eg - E-,g 6__ 1 '6[;)9- 6_* -
(o)) 8:_ 1 o L » L
6 - 4- 7 4 -

4 . : : i
: 20 8 2r .
2r B i i L. i
0:. T T AT AT
100 110 120 130 140 150 100 110 120 130 140 150 100 110 120 130 140 150
my [GeV] my [GeV] my [GeV]

1 2 T | T T T T | T T T T | LI T I T T LI | T 1 T T I T
| H- tx (VBF) ATLAS Preliminary |
- —e-ObservedCL, [Ldt=4.6f5"{s=7TeV -

-
N

\lIIIIIIIfI|II\I|\II\|I\II‘I
| H— 1t (non-VBF) ATLAS Preliminary |

e Most sensitive channel: - —e-Observed CL, | Ldt=4.61" s=7TeV -

10~ __. Expected cL, [ Ldt=13.0 5", (5= 8TeV ] 10/~ ___ Expected cL, | Lat=13.0 10", (s =8 TeV ]
[ ]+2c . - [ Jt2 i
H — TigpThad L Eito ] M+ 1o

e Most sensitive categories:

[#))
| | 1 1 1 |

] LI I L I L |

95% CL Limit on c/oSM
o0

95% CL Limit on O'/O'SM
[0 ]

H— TiepTliep VBF

4 4 ]

2 2 i

H— ThadThad VBF i , _
RN R SRR ESRTEN BFRR A R R RN BRI RE RN BT

0100 110 120 130 140 150 0100 110 120 130 140 150

my [GeV] my [GeV]

Andres Tanasijczuk (SFU) Higgs Hunting 2013, July 25-27, Orsay-France



MSSM h/A/H — tt
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Expected yields and observed number of events

b-tagged sample b-vetoed sample Muon Channel (7,Thaq)
Zlv =TT 109 =+12 11000 1000 b-tagged sample b-vetoed sample
W + jets 1.2 153 111 +23 Z[y* =1t 86 15 4800 £700
Z)y* — £re 1.1 0.8 196 122 W + jets 19 *§ 780 19
tt 56 tit 150 +8 Z/y* — 00 g 2 350 130
Single top 16 *3 35 +5 Top 145 135 105 *2¢
Diboson 3.9 0.7 470  £50 Diboson 0.8 0.4 38 *8
Multi-jet 15 =11 980 =230 Multi-Jet 51 %11 580 +130
Total 201 20 13000 1000 Total 180 +20 6600 +800
Signal m4 = 150 GeV,tan 8 = 20 Signal m4 = 150 GeV, tan 8 = 20
bb(h/A/H— ) 18t 270 +49 bb(h/A/H— ) 20 *3 174 127
g9 —h/A/H— 77 2.3 =+0.8 143 *28 g9 —h/A/H— 77 1.2 +06 115 +16
Data 181 12947 Data 202 6424
b-tagged sample b-vetoed sample Electron Channel (7¢Thad)
Multi-jet 19 45 870 +£50 b-tagged sample b-vetoed sample
Z/y =1t 4.0 =+3.0 300 59 Z/y =1t 42 £20 2700 =500
W + jets 05 *19° 50 =+20 W + jets 18 %, 740 +10
Top 1.7 +0.6 1.2 £2.2 Z/y* =0T 19 +10 700 350
Diboson 0.01 +0.04 4.9 +1.0 Top 15.1 +3.0 106 129
Total 25 +5 1200 *5 Diboson 1.0 105 29 1§
Signal m4 = 150 GeV, tan 8 = 20 Multi-Jet 60 +15 920 1230
bb(h/A/H— TT) 7.7 3.4 73 £21 Total 154 £30 5200 =600
g9 —h/A/H— 77 05 =+0.2 A7 +11 Signal m4 = 150 GeV, tan 8 = 20
Data 27 1223 bb(h/A/H— T7) 15 13 138 12
g9 —h/A/H— 17 12 19§ 99 1
Data 175 5034
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