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« 50 —discovery! Announced on 4th of
July independently by ATLAS and

| | | | l E |
CMSH! ATLAS Preliminary { m,=125.5 Gev
» Now up to =70 ... no doubts left!! I g
V5= 7Tev: [Lat=47 10" °
. . Vs=8TeV: [Ldt=131b"
« Clear excess only in bosonic decay Ho a
s=7TeV: |Ldt=461" P
channels: esp. H_’ZZ, H_’VY, but also \E=8TeV: [Lat=131b" 5
H-=>WW H— wWW" = viv ;
Vs=8TeV: [Lat=13 1" 4
. : H— vy i
 Hints of H=71T1 from LHC; 30 evidence B=7Te: [Lat=48 10 J——
. Vs=8TeV: [Ldt=131b :
from Tevatron for H—=bb and hints from H - 770 s 4 g
CMS el —e—
Combined u=132+0.23 §
* Data analysed: A Sasvend -
4.8 tb' @7TeV & 13 fb' @8TeV l I | l l i I

10 +1

Another =10 fb-! waiting to be analysed! ©
Signal strength ()

The 6 billion Swiss Franc question (Plus M&O...):

Is this THE Standard Model Higgs?... SM Higgs search is a great way to
Or something even more interesting? search for new physics!

See e.g. talks by Andre David and Patricia Conde-Muifio yesterday
Ricardo Gongalo New Worlds, Lisbon 2012



Why H—bb ? =
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« H — bb is essential to answer this new big question!
» Direct sensitivity to Higgs couplings to fermions

> Largest SM Higgs BR (58% at =125GeV) — help constrain total width
» Measure top Yukawa coupling directly — largest in SM
» Challenging backgrounds: use associated production with W, Z, tt

 This talk: VH results from 7 and 8 TeV and ttH for 7TeV
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ttH analysis of
7 TeV data
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ttH, H—bb Analysis

Challenging analysis!
» High combinatorial background
» Small signal cross section

Data: 4.7fb-'at Vs = 7 TeV (2011)

. ATLAS-CONF-2012-135:
https://cdsweb.cern.ch/record/1478423

Backgrounds constrained in limits fit by
profiling nuisance parameters

To check fit control regions are used

T 2light

jets
9 categories based on jet & b-tag multiplicity ’ (mostly)
> Sigglal enriched: (5 jets, 26 jets) x (3,24 b-
tag b
» Other categories are background enriched _
to constrain those backgrounds 7 b Up to 4
Final discriminants < . btags
» m,, for 26 jets and (23 b-tag) categories
» Do kinematic fit to reconstruct tt+H—bb "
> H"ad (3 pq ) for other categories
Ob-tags 1b-tag 2b-tags 3b- 24 b-tags f © Omristj’
tags ETW ’
4 jets  H;had  Hhad Hhad Signal V My
: Background
5 iets H had H had H had H had H had
J T T T T T Control
26 jets  H;"d  Hed HMd T my, My regions

Ricardo Gongalo
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ttH, H—bb Analysis

4 jets 4 jets 4 jets 4 jets 4 jets
0 b tags 1 b tags 2 btags 3 btags > 4 b tags ATLAS
Preliminary
(Simulation)
m, = 125 GeV
5 jets 5 jets 5 jets 5 jets 5 jets CiT+HF jets
1 b tags 2 b tags 3 btags > 4 b tags CJ tT+light jets
itV
[ WHjets
[ Z+jets
[ Diboson
[ Single top
B Multijet
>6 jets > 6 jets > 6 jets >6 jets > 6 jets
1 b tags 2 btags 3 btags >4 b tags

@

s (5
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ttH Systematic Uncertainties

+ tt+heavy-flavour fractions: vary by 50% - theory studies suggest
cross section uncertainty is 50-75% ; should be weighted down by
the fraction of this background. Fit puts it at 30%.

« tt modeling (Alpgen):

» Qfac: (x2.3%) The factorization scale for the hard scatter is varied by a
factor of two up and down relative to the original scale, Q2 = X m?2+
P*r

» kTfac: (£9.2%) The renormalisation scale associated with the evaluation
of a, at each local vertex in the matrix element calculation is varied by a

factor of two up and down relative to the original scale, k; , between two
partons.

» Functional form of the factorization scale (iqopt2): (x 13%) Default
choice (=1) for dynamic factorization scale, Q% = Z ;,,sm?+ p?1, changed
to Q? = x,x,s. This has an order of magnitude larger effect than Qfac.

partons

Ricardo Gongalo New Worlds, Lisbon 2012 10



 tt cross section: +9.9 -10.7% using NNLO Hathor.

« Jet Energy scale: 16 eigenvectors recommended by the jet/
ETmiss group are varied.

* b, c and light tagging: 9 (btag),5(ctag) eigenvectors
recommended by b-tagging group are varied for heavy
flavours and the one value for light flavours.

 QCD Multijets: Mostly in the electron channel. Correlated

50% uncertainty plus uncorrelated statistical estimate in each
channel (66% in 6 jet 4 b-tag)

« ttH parton shower modelling: 1-5% effect at mH = 120 GeV

Ricardo Gongalo New Worlds, Lisbon 2012 11



_ttH, H->bb Analysis

g 2207 ™ ] .
g 2 o=zt amaseemy <o Poor theory constraints on
%j'j{ H (H - b6) C Eipied OLs) ttbb/ttjj ratio — ongoing
1 2o ometo interaction with theory
§ 125 E community (important!)
E 1 — . .
3 o8- 4 + Large impact of systematic
B 0oL E uncertainties
0.4 — .
o2f 4 * ..butwecandoit!l ©
0_|11|0| = I11|5I = I12|0| - |1£5| = I13|0I = I1f|35I = I[‘Iélto\ll_]
e my Obs. Exp. Stat.-
(GeV) limit limit only
E 502— ﬁEAgbz?\E?g?s) Vs:?TeV,J-Ldt=4.7 fo' —; 110 70 6.0 35
E 402_ ;E);Zected (CLs) ttH (H — bb) _Z
s % Bk : 115 87 6.9 40
5 s E 120 104 8.5 4.9
20 E 125 131 105 6.1
ol E 130 164 130 7.8
140 330 232 14.2
™10 115 120 125 130 . [gteoV]
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WH/ZH analysis of
7 and 8 TeV data

New Worlds, Lisbon 2012
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Search Strategy

« Search for Higgs decaying to pair of b-quarks
» Associated production to reduce backgrounds
* The analysis is divided into three channels
» Two (llbb), one (Ivbb) or zero (vvbb) leptons, (I=e,u)
e Cuts common to all channels:

» Two or three jets: 15t jet p; > 45 & other jets > 20 GeV

» Two b-tags: 70% efficiency per tag
= c-jet rejection factor =5
= Light-jet rejection factor =150

Two lepton One lepton Zero lepton
ZH = lIbb WH — Ivbb ZH = vvbb
* No additional leptons  No additional leptons « No leptons
« E/mss< 60 GeV « E{mss> 25 GeV « EMss >120 GeV
« 83 <m, <99 GeV ¢ 40 <MW" <120 GeV « E;Mss trigger
« Single & di-lepton trigger « Single lepton trigger

Ricardo Gongalo New Worlds, Lisbon 2012 14



Analysis Overview

« Previous publication: 4.7 fb-! Vs=7 TeV
http://arxiv.org/abs/1207.0210

« This analysis: 4.7fb' Vs = 7 TeV & 13fb-1 Vs = 8 TeV
» S/B is not large, but increases as p;°° increases

» Therefore analysis broken into different p; bins (use p;¥Y of W or Z) pr"
> Not yet enough |Ldt to use jet substructure techniques — future!

« Various substantial improvements wrt previous analysis

» The analysis is divided into 16 categories using p;¥
= 0O-lepton: E,Mss [120-160] [160-200] [>200] GeV x (2 jets or 3 jets)
= 1&2lepton: p;"W/Z [0-50],[50,100],[100-150],[150-200] [>200] GeV
» Cuts are optimised for each category (~30% increase in sensitivity)
» Muon energy (p>4 GeV) added for b-jets (~10% resolution improve/)

» Additional ttbar based b-tagging calibration (~50% reduction in b-tagging
systematic uncertainty)

Ricardo Gongalo New Worlds, Lisbon 2012 15



Details of event selection

« Basic event
selection:

« Tuned
Kinematic cuts
to optimise
sensitivity in

each category:

Ricardo Goncalo

Object 0-lepton 1-lepton 2-lepton
Leptons 0 loose leptons | tight lepton | 1 medium lepton
+ 0 loose leptons| + 1 loose lepton
2 b-tags 2 b-tags 2 b-tags
Jets p,lF > 45 GeV p,lr > 45 GeV p} > 45 GeV
p?r > 20 GeV p% > 20 GeV p% > 20 GeV
+ < 1 extra jets + O extra jets -
miss V _ miss v
Missing Er ET™ > 120 Ge ET™ <60 Ge

P > 30 GeV
AG(ER'S, piiss) < m/2
Min[AG(EP™, jet)] > 1.5
AG(ETSS, bb) > 2.8

Vector Boson

my < 120 GeV

83 < myr < 99 GeV

0-lepton channel

EMss (GeV)| 120-160 160-200  [>200
AR(b,b) | 0.7-1.9 0.7-1.7 <1.5
1-lepton channel
py (GeV) [0-50[50-100[100-150/150-200[>200

AR(b, D) >0.7 0.7-1.6 |<1.4
ET'S (GeV) > 25 > 50
my (GeV) > 40 -
2-lepton channel
p4(GeV) [0-50[50-100[100-150/150-200[>200
AR(b, b) >0.7 0.7-1.8 |<1.6

New Worlds, Lisbon 2012
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e BA@CKgrounds and MC

B Signal
] Multijet . .
] leo:-.on Signal: WH/ZH Pythia6/8 | « Background shapes from
C it S|mulat|on and norma_llsed
]t using flavour & data fit
— + Multi-jet bkg determined by
B W+b data-driven techniques
. +
) z+l mb/r - ZOWheg . WZ(Z—bb) & ZZ(Z—bb)
-: %*g - g/c'f/;” f-1jte':ts AlpggE/Sher i resonant bkg normalisation
+ ° - . .

A PY P and shape from simulation
> ATLAS F"rellirlniﬁafy' o +D_altaI2012 1 3 1600 ATLAS I’Dre‘lir‘]r1ir'1a|ly' T —‘;]gg;fjolm ° 140 ATLAS Prellmlnary o ';'giag';?fém
G 600 4 Il Signal O] 4 T Multijet O] [ Multijet
9 ILdt=13.0fb ,\Ns=8TeV \:IM.uItijet 9 1400 ILdt:13.0fb ,\s=8TeV %?boson 9 120 ILdt_130fb \s=8TeV E‘Sibosn
E 500 2 Leptons, 2 Tags, >=2 Jets %t[thboson E 1200 1 Lepton, 2 Tags, 2 Jets, p:’>0 %:NH E 100 0 Lepton, 2 Tags, 2Jets, E, > 120 GeV %:N "
P g eeonsy S fe o tlepton S5 ET Zg 0lepton =

200
400

|u|||||l|IlIIIIIIIlIIIIlIIIIlI

100

llIllI|IlllllllllllllllllllllllI

60

40

20

L |III|III|III|III|III|III|III|I
||I|||||III|III|III|I|||III|I

IIIIIIIIIII|III|1]I|IIIIIII|I

(E) % 25 E g 2 %
I 15[ T 15 = g 1-5 4 E
3 1++H*H"‘+++*++++';$“';"—#f' A 1*+ +++++—¢—H+++*++ P +¢ o 1 """ +++$+HH++ """" l """"""" =
**50 100 150 200 250 °% & 700 150 200 25 °s——gp 100 150 200 250
m,; [GeV] m; [GeV] m,; [GeV]
Z+jets [W+jets Z+jets/W+jets/
Ricardo Gongalo New Worlds, Lisbon 2012 17



Control regions:

300

———
—@— Data 2012
ATLAS Prellmlnary o= Se
[ Multijet
L dt=13.0 fb ,\s=8TeV [ Diboson

O+
1 Lepton, Pre-Tag, 2 Jets, p >0 m—

Pre b-tag=i«

I W-+bb

%

250

* Pre b-tag: rich in V+light jets
* 1 b-tag: V+light, V+c, V+b etc
« Top:

200

Events / 10 GeV

II||II|||lI|I|I|IIIIIII|IIII|_‘
|IIIIIIIII|IIII|IIII|IIII|

> 1-lepton: =3-jet region; ”
. - o E
» 2-lepton: m(ll) sidebands of m, s E
& 1+I: W+l enriched, ., ... .

0555 100 150 200 250
325"“5_' ATLAS ﬁ’rzé_!irhir%aéy' - é E 3 o ATLAS Preliminary ; E
o L JLdt:13.0 fb ,Ns=8TeV (3 Diboson — o - _[Ldt:13.0 fb'1, \s=8TeV %Dmojson .
™ 20000— O+ — — C 4 T
E E 1 Lepton, 1 Tag, 2Jets1o :V>bo t %:NH E ; 1200: 1 Lepton, 2 Tags, 3 Jets, p:’>0 %:N y .
gwooo:— , ) ag Eﬁlﬁ —: § 1000;_ + 1 Jet E&Egﬁ _;
= =7 ] H goof- 4 -
10000[— | - — C J
C Z R 600 =
C — | % ] 400:— —:
5000[— o= e, — - —

- S ok

% 2 I b O 2_ ¥ .
S 150 = = E
¢ " [ W+c Mv+& 5 o |:| it enriched r
1;_’__.__._-.-—0——‘—0—-0"- a 1 T T g T e +++—¢~_¢.+_¢_¢_.+_ e e

TS0 100150 200 250 °* 50700 150 200 250
m; [GeV] m; [GeV]
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Maximum likelihood Fits

* First perform the flavour ML fit Vs=TTeV | y/s=8TeV

> Determined V+light and V+c scale factors _2*¢Jet | 199051 | 0.71+£0.23

Z+ lightjet | 0.91+0.12 | 0.98 +0.11
» Z+c factor changes due to MC treatment  — - = 1042023 | 1042024

W+ lightjet | 1.03+£0.08 | 1.01 +£0.14

Improved understanding of bkg V pT

» Using the high statistics at 8 TeV we discovered that the V pT spectrum
falls more rapidly in data than expected from MC ©

> W +jets and Z + jets: 5-10 % correction required

» Top background: 15 % correction required

« Using corrections & scale factors get good MC/data agreement

« Binned profile likelihood fit to 16 signal regions & top control regions
» W+b, Z+b and top bkg are floated

. . Vs=T7TeV | s=8TeV
Iy
> Resc.allng féctors from the fit Top 1102014 | 1292016
* L(u,0) fit to signal strength u (= 0/0gy) Z+b-jet | 1.22+£0.20 | 1.11 +£0.15
> Nuisance parameters 6 for systematics W+bjet | 1.19+0.23 | 0.79 £0.20

Ricardo Gongalo New Worlds, Lisbon 2012 19



Analysis

Event selection:

Data-driven corrections:
p;V correction of W+jets, Z
+jets and top

004

op CR (3/4))

oo

Flavour fit (V+c, V+light):
Use different b/c/light content to
get correction to flavour fractions Ve

Fix Higgs to SM and EE g Fix diboson to SM and do fit to

fit to get diboson 03 ++++++* extract final background 2
significance: <. 5" normalizations and limits:

Ricardo Gongalo New Worlds, Lisbon 2012



Systematic Uncertainties

Experimental uncertainties
b-tagging and jet energy dominate
» Jets: components (7 JES, 1 p;Re, resol.)

» E;Mss — scale and resolution of soft
components. Data/MC for E;™ss trigger

» bTagging — light, ¢ & 6 p; bins for b-jet
efficiency

» Lepton — energy, resolution, efficiency
» Multijet / diboson / Luminosity / MC stats

Theoretical uncertainties

Systematic [%] | Olepton | 1lepton | 2 leptons
b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
light tagging 2.1 2.2 2.8
Jet/Pile-up/EX™sS | 20 7.0 5.4
Lepton 0.0 2.1 1.8
Top modelling 2.7 4.1 0.5
W modelling 1.8 54 0.0
Z modelling 2.8 0.1 4.7
Diboson 0.8 0.3 0.5
Multijet 0.6 2.6 0.0
Luminosity 3.6 3.6 3.6
Statistical 8.3 3.6 6.6

Background systematics

> BR(H—bb) @ mH=125 GeV (3.3%)

» W/Z+jet m, (20%) and V pT (5-10%)
» Single top/top normalisation (15%)

» W+c/WH+jets (30%), Z+c/Z+jets (30%)
> Diboson (11%)

Uncertainties given are after full cuts (pre-fit)

Ricardo Gongalo New Worlds, Lisbon 2012

Systematic [%] Olepton 1 lepton | 2 leptons
ZH | WH WH ZH
b-tagging 89 | 9.0 8.8 8.6
c-tagging 0.1 | 0.1 0.0 0.1
light tagging 0.0 | 0.0 0.1 0.3
Jet/Pile-up/EXss 19 | 25 6.7 4.2
Lepton 0.0 | 0.0 2.1 1.8
H — bb BR 33|33 33 33
VH pr-dependence | 5.3 | 8.1 7.6 5.0
VH theory PDF 35| 35 3.5 3.5
VH theory scale 1.6 | 04 0.4 1.6
Luminosity 36 | 3.6 3.6 3.6
Signal systematics 21



Diboson production

« WZ & ZZ production with Z—bb
» Similar signature, but 5 times larger cross-section

« Perform a separate fit for this to validate the analysis procedure
» Profile likelihood fit performed (with systematics)
» All bkgs (except diboson) subtracted

» Clear excess is observed in data at the expected mass

« 0,1and 2-lepton channels 3§ 400 ATLAS Preliminary = w4
combined g - J.Ldt.130fb s = eer .WZ+ZZ -
+ 201182012 data combined 5 900E- 1, 00 o, B WH 125Gev -
* Full systematics are applied §  5.12lepton ZH125GeV |
* Results W 200 -»-Data- Bkgd
» 0/0gy, = Mp=1.05+0.32 - .
> Significance = 4.0 o 100 + + %
* In agreement with Standard n ]
Model or EH |++-+-+#%
-100F + -

B0 {00 150 200 250
+ For the Higgs analysis the diboson contribution is fixed to its SM m,; [GeV]

expectation in the likelihood profile, with an uncertainty of 11%

Ricardo Gongalo New Worlds, Lisbon 2012 22



C

5 6f .
g - ATLAS Preliminary h
o 5. —e— Observed (CLS)\(E =7,8TeV, f Ldt = 4.7, 13.0 fb
2 - Expected (CLS)y(bb), combined
= N ES
= 4~ [ ]+26
_! -
O N
X 3C
To] -
(o)) -

* Observed (expected) limit at m, =125 GeV

2
1
0 | 1 1 1 1 | 1 1 1 1 | Il 1 1 1 | 1 1 1 ! |
110 115 120 125 130
my [GeV]

> 1.8 (1.9) x SM prediction

» Observed (expected) p, value 0.64 (0.15)
* 0/ogy=HM=-0.4+0.7(stat.) £ 0.8(syst.)

« Exclusion at my ~ 110 GeV

More than doubled the analysis sensitivity =

Ricardo Goncalo

o
2

107

mbined (2011 & 2012) result

| ATLAS Preliminary VH (bb)
_____ 2::' I Ldt=4.7 6" ,\s=7 TeV,j Ldt=13.01b",s=8 TeV
E \
1 I 1 I 1 | 1 1 1 l L 1 L 1 I 1 1
110 115 120 125 130
my [GeV]
Previous publication
= L L e e B S ISR B
o - ATLAS ]
B oL —e Observed(CLs) V5=7TeV, f Lt = 4.6-4.7 fb"
° A Expected (CLS)  vH(bb), combined
€ - [ =10 .
; 8__ [ Jx20 ]
— C ]
O L
R 6 7]
n
o C
4- —
21 .
0"1. L P B B
110 115 120 125 130
m,, [GeV]
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Conclusions

« First combined 2011 & 2012 VH analysis in H->bb channel
» Using 4.7fb' (2011) and 13fb-" (2012) data
» Significant improvements to all aspects of the analysis

« Observed (exp.) limits are 1.8 (1.9) x SM at mH =125

 Clear di-boson signal measured ¢ g'ArLAspren'miLar'y | }_'7'8;;1';;4'7'13'0;;
MDiboson = 1.05+£0.32 _E - tg:::;‘t’::((((::ll::))vH(bB,), comt;ined | —:
Significance = 3.90 % - i -
d E —
» ttH analysis of 7TeV data 3
> First iteration of a difficult analysis
» Severely affected by systematics
= But will benefit much from more stats E T I T T T S T T T
» Observed (exp.) limits are 13.1 (10.5) x SM at m, = 125 m,, [GeV]
 No observation and no surprises... YET!

(But watch this space! Unless it’s the end of the world...)

Ricardo Goncalo
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Bonus slides
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POR QUE VOCE PAROU DE ESCULPIR EM 20122
E QUE EU FIQUEI
SEM ESPACO NA PEDRA. ..

ENFIM, REVELADO O MISTERIO DO CALENDARIO MAIA

New Worlds, Lisbon 2012
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« 50 announced on 4th of July o B SRV FAPPICE
' s =7 TeV (2011), JLdt=4.8fb
I(glc\j/lesr)'?ndently by ATLAS and Tg 1k ATLAS fs= aTev:2012)) JLdt=5.910"
3 o = RN ~
| il Y iy o ul O
¢ Data analysed 07/1 EPS Prel
4.8 fo' @7TeV & 5.6 fb! @8TeV 10 —g::eeg:g | ﬂ
JOB i ceRN pral, [
— Observed
« Clear excess only in bosonic 10°g oo AN S
decay channels: 1077 [ Sering 2012 PRO
> H—=ZZ, H-yy, HHWW 107 - Soeee "
_ 1oof zemanere. N SR L1/ S
* Hints of H=71T1 from LHC and I e DN o
evidence from Tevatron for N P Y Y S L TR VT N =
. 110 115 120 125 130 135 140 145 150
H—bb and hints from CMS
my [GeV]
i Need tO keep |OO klng' Search channel Dataset mmax [GeV]  Zj[o]l EZ)[o]
» SM Higgs search is a great way Hoz® o4  §Tv | 155 28 21
to search new physics! 7&8TeV | 150 36 27
. . _ H-yy 8 TeV 1270 32 19
* The 6 billion Swiss Franc question (+ M&O): TEBLV %65 45 %3
. . H->WW® vty 8TeV 120.0 33 1.0
Is it THE Standard Model Higgs?... rastv| wso 28 23
Or something even more interesting? = comnea "= 1 22 2
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«  What do we know about the new particle?  Signal strength for the yy final

» Mass = 126 GeV state (gluon fusion vs VBF
» Electric charge = 0 (neutral final state) +VH)

« Unknown/incomplete knowledge:

= 12717 YT
> Spin (J)=0, 1,2, ... ? J=1 disfavored gt ATLAS Preliminary 2011 +2012Data |
(Landau-Yang theorem and observation in x_ o leTTev }tg:j;-g;gj Hovy
H_’YV) E 8_— ) ~— . + Standérd Model ]
> Charge-conjugation, parity (CP) = o aleonp E
. - --- 95% CL
» Couplings? g > E
. 2[ Y , B
- September analysis used same data as £ E
July 2012 observation paper : e :
> ATLAS-CONF-2012-127: e e MmN e men
https://cdsweb.cern.ch/record/ by BBy
14767657In=en e
« Fit data to estimate factors k multiplying " | ATLAS Preliminary L :
coupling in each SM production and Fis-7mevfLat-as’  —2InAlk,xg) <23
decay mode o 1s=8TeV,JLdi=58-5.9 fb"/_-:-_-_f\'ﬁ‘ Alxyxg) < 6.0 3
Ky Versus Kg — assume a single k¢ factor for £ T
all fermions t, b, T and a single factor k,, for : IEES :
vector L T E
Sign comes from interference between t oy oy e R Ry
and W loops in H—=yy Ky
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Events/10 GeV

Events/20 GeV

M, distribution (0-lepton, 8TeV)

2-jet categories

T
ATLAS Preliminary Wz
1 wWH
Ldt=13.0fb", \s =8TeV Multijet
miss Top
0 Lepton 2 Jets, 120 < Er < 160 GeV mws
mw

Mz
........ mz
Diboson
--- Pre Fit
-#-Data 2012

.|l|l||IIIl|IIIIIIIll|l|l||IIII|IIII|I|IIIII

m,; [GeV]
3-jet categories

90 ATLAS Preliminary ' mm 3
80~ I L dt=13.016", (s =8 TeV -‘I’nv:tijet =
70F- 0Lepton 3 Jets, 120 < ET™* < 160 GeV -I\‘,’: 3
E mw 3
60 [P =
E mz I
50 [ Diboson 3
E ---Pre Fit B
40 :_ -6-Data 2012 _:
30F =
20F- : =

100 120 140

L

1

m,; [GeV]

120 < E,Miss < 160 GeV
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Events/20 GeV

Events/20 GeV

T ———
ATLAS Preliminary WzH

. EWH
Ldt=13.0fb", \s =8TeV Multijet

miss Top
0 Lepton 2 Jets, 160 < Er < 200 GeV Wb

mw
|z
------------- mz
/ |Diboson
--- Pre Fit
-#-Data 2012

60

50

40

llIIIIllIIlIIIIIlIIIIIII

m; [GeV]
|T||||
45E- ATLAS Preliminary WzH
-1 B wWH
40 Ldt=13.0fb", \s =8 TeV Multijet
0 Lepton 3 Jets, 160 < E™* < 200 GeV Top
35 T mwb
mw
Wz
30 mz
Diboson
25 --- Pre Fit

-#-Data 2012

|||IIIIIIIIIII|||I||Illllllllllllllllllllll

160 < E;Mss < 200 GeV
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Events/20 GeV

Events/40 GeV

T T T T T T T T T T T T T T
ATLAS Preliminary -z
-1 BwWH

J Ldt=13.0fb", \s=8TeV Multijet
Top
wb
mw
Bz
mz

[ Diboson

--- Pre Fit

- Data 2012

0 Lepton 2 Jets, E']'_'is’ > 200 GeV

o e
VA AS LS SIS SS Y|

120 140
m,; [GeV]
T
40 ATLAS Preliminary -z
35 JLdt:L‘i.oIb", Is=8TeV -:\Inv:'ltijeﬁ
miss Top
30 0 Lepton 3 Jets, ET > 200 GeV Wb

[TTTT T TIT T[T TIIT[TTIT[TTTIT|

N

60 80 100 120 140 160
m,s [GeV]

160 < E{m'ss < 200 GeV
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M, , distribution (1-lepton, 8TeV)

30

20

Z

g [arASEema T wmm ] g PRSPy Tma T § ool ATCASPrmnay -
2 500:_ J-Ld'ﬂa‘”fb-" \s=8TeV Mutiet ] o C _[Ldt=13.0 ', (s=8Tev -‘h’ﬂvrltijet 1 2 4gob _[Ldt_13.o ', (s=8TeV Moltjet ]
g r 1 Lepton 2 Jets, P;V<50 GeV -;\7: b E [ 1 Lepton 2 Jets, 50<p7‘1’<1DOGeV -TWO;’ ] g 1605— 1 Lepton 2 Jets, 100<P1VY<150 GeV -Tw°: _E
@ 400~ mw - § 400 mw - o E mw E
B 3R B IR
B ¢ ey ) ] N 3 mz ] £ . 4 3
300~ é '.f‘f«z el 300 WiDiboson 1201 ¢’§+ % i Diboson
- i 4;* ¢-Daa2012 4 : o Daazorz 100~ 5%2 @ +-Datazor2
2001 g % e 200/ = 80 | E
C P n = — 60__ _‘
C g Fdiooh ] C ] F E
1001= R I~ 100(~ - 40 =
F C 20F “*
o& = =
20 40 60 80 100 120 140 160 180 200 220 24 0720 40 60 80 100 120 140 160 180 200 220 240 0%20 40 60 80 100 120 140 160 180 200 220 240
W mys [GeV] W m.; [GeV] W m\ﬁ)GeV]
p-V < 50 GeV 50 < pW < 100 GeV 100 < p"¥ < 150 Ge
> T T T T T T T T T I T T T I T T T I T T T I T T T : > :' I T T T T T T T T T T T T l T T T I T T T l T T T l T T T I T
S ATLAS i:’rellmlnary N zH - S 45 ATLAS Prellmlnary =ZH
B wWH - = WH
o 70 J. Ldt=13.0 b’ , 1s=8TeV Multijet 7 8 40 - L dt=13.0 b’ , \s=8TeV Multijet
— - Ny — To
) 60 1 Lepton 2 Jets, 150 < p < 200 GeV Top ] @ = 1Lepton 2 Jets, p)! > 200 GeV .w:
c Wb = c 356
o -mw ] S = . mw
L 50 *; = D 30f - =
— . ] - .
Diboson n - | rEeeLssestl s o Diboson
At ] -
40 ﬁ%,/ ---PreFit  —f 25 ey --- Pre Fit
-¢-Data 2012 . - —-o-Data 2012

IIIIIIIII|IIII|IIII’IIIIIIIIIlIIlIIIIlI

100 120 140 160 020 40 60 80 100 120 140 160 180
my; [GeV] m,; [GeV]
150 < p;W < 200 GeV p,V> 200 GeV
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M,, dlstrlbutlon (2 Iepton 8TeV)

||||||||||||||||||||

240 —

E ;_ ATLAS Preliminary -ZH E E 220;— ATLAS Preliminary .ZH - oF ATLAS Preliminary .ZH -
o 220 =3 J Ldt=13.016", \s =8 TevV Multijet o 200F J Ldt=13.0 6", {s =8 TeV Multiiet  — J Ldt=13.0 6", {s =8 TeV Multijet ]
g ?gg ; 2 Lepton 2+3 Jets, pZ < 50 GeV/ -;:p E @ 180F- 2Lepton 2:3 Jets, 50 < p < 100 GeV -;:p = o b 2 Lepton 2+3 Jets, 100 < P < 150 GeV Top B
2 160 m: 3 & 160F mz ERS =§b =
140E Wipiboson 3 W 140F [WDiboson r WDiboson
120E- ;’;’e‘ F:o1z 3 120 prefit 3 0 2 Ay ---PreFit ]
E ata E = -¢-Data 2012 C ]
100F- 3 100:_ 4 b -4-Data 2012 E
80f- E 80 3 F ]
60E- = 60F 3 o =
40F- = 40F- 2 F ]

20 - ' 20F g

0%30 40 60 80 100 120 140 160 180 200 220 240 0 o] e ST S ]
20 40 60 80 100 120 140 160 180 200 220 240 50 100 150 200

mys [GeV] m,; [GeV] GeV]

100 < pZ< 150 GeV

pr£< 50 GeV 50 < p£< 100 GeV

> - T T T T T T T T T I T T T I T T T I T T T I T T T I T _]
: : > _| L 1T L LU I 1T I L I 1T I L l 1T I |_
3 45E ATLAS Prellmlnary BzH 4 3 - ATLAS Prehmmary Bz .
Q&  40F .[ Ldt=13.015", s =8 TeV Multijet 3 Q 251 J- Ldt=13.015", (s =8 TeV Multijet ]
@ = 2 Lepton 243 Jets, 150 < p?. < 200 GeV Top 3% C 2 Lepton 2+3 Jets, pZ > 200 GeV Top ]
S 35F Wz - - Hz .
(0] - - [0) 20— —
2 - Wz EI - % Wz .
30 = [ Diboson 3 = 72 [ Diboson -
- AT AT, Yy, - i 3 _— -- Pre Fit ——
o5E- 72 Pre Fit = 15 .
- 0007222 4-Data 2012 . "+ Data 2012 4
20 = - T ]
= = 10— -]
\S)7 77777 = - .
"""" E 7 .

60 80 100 120 140 160 180 200
m,; [GeV]

60 80 100 120 140 160 180

m,; [GeV]

150 < p#< 200 GeV p:%> 200 GeV
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Results: Exp. S+B & Obs. events

8TeV analysis:
O-lepton, 2 jet 0-lepton, 3 jet 1-lepton 2-lepton
Bin E™S [GeV] pr [GeV] P4lGeV]
120-160]160-200[>200[120-160[160-200[>200| 0-50[50-100[100-150[150-200[> 200| 0-50[50-100[100-150[150-200[>200
ZH 2.9 2.1 26 0.8 0.8 1.1} 03] 0.4 0.1 0.0 0.0 47| 68 4.0 1.5 1.4
[ WH 0.8 0.4 0.4 0.2 0.2| 0.2] 10.6] 12.9 7.5 3.6/ 3.6/ 0.0 0.0 00 0.0 0.0]
Top 89 25 8 92 25[ 10[ 1440[ 2276| 1120]  147| 43| 230[ 310 84 300
W + ¢ light 30 10 5 9 3] 2| 580 585 209 36| 17| 0 0 0 o o0
W +b 35 13| 13 8 3 2| 770 778 288 771 64 0 0 0 o o0
Z + clight 35 14| 14 8 51 8 17| 17 4 1l 0] 201 230 91 12 15
Z+b 144 51| 43 41 22| 16| 50, 63 13 5 11010 1180 469 75| 51
[ Diboson 23 11 10 4 4 3] 53] 59 23 13| 7] 37| 39 16 6| 4]
Multijet 3 11 | 1| O] 890 522 68 14 3] 12 3 0 o 0
Total Bkg. 361 127] 98] 164 63[ 42[3810] 4310 1730  297| 138[1500] 1770] 665 97 72
+29 +11 + 8
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QCD/multi-jet modelling

* 0 lepton
» Use ABCD method

» Regions defined by relative directions of
MET/jets/pTmiss

» Found to be small (~1%)

« 1 lepton
» MET template by reverse isolation cuts
» Normalised by fitting each WpT bin

» Electroweak contamination removed from
template

« 2 lepton

» Template: reverse isolation/quality
selection

» Found to be small (<1%)

Ricardo Gongalo New Worlds, Lisbon 2012

ABCD method
Use lack of correlation
A (Etmiss,pTmiss) vs
A (Etmiss,jets)
for multi-jet background
estimation in signal region

-

h

|A$(MET,MPT))
o
@)

P
W

B A

04  Optimized Min AQ(MET,jet)
cut

. N(B)

x N(C)
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B-tagging

Jov/hxis « Algorithms to identify heavy flavour content in
e reconstructed jets
* Impact parameter of tracks in jet
smmvm;% - IP3D uses track weights based on

longitudinal and transverse IP significance

2 - . Displaced secondary vertex

Track /

ll."‘.'rma ertex s . .
b, | - SV1 reconstructs inclusive displaced
SR Ui AR RARAS REALE LR BTN RALEE RaEE vertex
= - ATLAS Preliminary MV R
o P o X NN W JetFiterCombNN | - JetFitter reconstructs multiple vertices
B ORC Y JetFitierCombNNG along implied b-hadron line of flight
:g’) E NG N e IP3D+SV1 ]
3107 N svo E « Cascade decay topologies
- N « Advanced NN based algorithms
: - JetFitterCombNN: IP3D+JetFitter
10 3 = ;
E  RemulatigmNged TeV E - MV1: IP3D+JetFitterCombNN+SV1
[ pf'>15 GeV, n*'|<2.5 ]

N B | . I P R
d3 04 05 06 0.7 bQé? eff(i)c;igenc 1 MC calibration results illustrated with
. Y MV1@ 70% b-jet efficiency
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Mbb dlstr_lbutlons (- Iep, 7TeV)

Events/20 GeV

Events/20 GeV

Ricardo Gongalo

185 ATLAS Prehmlnary

WzH
WH
16 ILdt:deb, 1s=7TeV -uu.u,..
Top
14 OLepton 2 Jets, 160< ET™* < 200 GeV —hy

(c) 160 < EMss < 200 GeV, 2 jets

22 'T A S T T LI
20 ATLAS Preliminary mzH

-1 -wu
18 ILdt:d.Hb, {s=7TeV Multijet
. 0Lepton 2 Jets, E™™ > 200 GeV -m’

(e) EMs > 200 GeV, 2 jets

Events/20 GeV

Events/40 GeV

L T
-ZH ATLAS'F Prellmlnary
WH
10 -uumm ILdl:dJlb , (§=7TeV
— 0Lepton 3 Jets, 160 < E** < 200 GeV

_________________________________

40 50 60 70 80 90

(d) 160 < E%“SS < 200 GeV, 3 jets

100 110 120 130

M (GeV]

12.1...,.......5.._..,..

T EEzH ATLAS Preliminary ]

10 -‘:‘v:nm ILdqub", (s=7TeV 7
T e 0Lepton 3 Jets, E™ > 200 GeV .
- Emw -
8~ mmz =
C mmz ]
| [ Diboson .
B~ ---- PreFit ]
~ —¢— Data 2011 f
4+

2 ’

(f) EMs > 200 GeV, 3 jets
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Events / 10 GeV

Data/MC

Events / 10 GeV

Data/MC
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Flavour fit results (2 Iepton

>
8 AT LAS Prellmlnary + I:S)ata 2|012 % ATLAS Prellmlnary + Data 2012
= 35000 Ldt=13.0 ", (s =8 TeV E Mlglrt‘i?et =) 3500 Ldt=13.0fb", Vs =8 TeV E I\Slllglrtl? ! t
~ 2 Leptons, Pre-Tag >=2 Jets X Ny ultije
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CLg limit results

= 27 | LR BRI R B
L - ATLAS Preliminary 1 A - ATLAS Preliminary 4]
g 10F- —e— Observed (CLs) Vs =7TeV, J Ldt=47f" g 10F- —e— Observed (CLs) \s=8TeV, J Ldt=13.0fb"
° [ Expected (CLs)  yH(bb), combined ° [ e Expected (CLs) vH(pb), combined i
E of I+ 1o i E of B+ 1o i
- — [ J:2 . = - [C+2 "
J T ° 201 1 4 f ° 2012 -
o - o -
S g S B
Tp) i Tg) i
(e)] B (e)] B
0 i PP IS PP T 0 i IMEFEFEPE IPEPE S B B
110 115 120 125 130 110 115 120 125 130
my, [GeV] my, [GeV]

« Observed & expected CLg limit on normalised signal strength as
function of Higgs Boson mass (0,1,2 lepton combined)
* Observed (expected) values at m,; =125 GeV
» Limits 1.8 (3.3) & 3.4 (2.5) times the Standard Model
> P, values: 0.97 (0.26) & 0.17 (0.20)
» Ology: M = —2.7 £ 1.1(stat.) £ 1.1(syst.) & p = 1.0 £ 0.9(stat.) + 1.1(syst.)
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Samples & Yields for26 jets 24 b’s

Signal: 2.3 events
« PYTHIA 6.425, m, = 172.5 GeV. Charged lepton filter: p; > 5, [n| <5

Backgrounds:

 Dominant are tt+jets (16.4 events) and ttbb (26.5 events):
» ALPGEN 2.13+HERWIG 6.520 HFOR overlap removal.
» tt+jets: Npartons = 0-5, 0=73.08pb, K=1.755;
» ttbb: 0 =0.856 pb, K=1.687 (biggest sys.)
* Multijets (data-driven): 6.22 events (5.67 e channel; 0.55 py channel)

e ttV: 2.2 events
» Madgraph 4 + PYTHIA 6.425 o,,,= 0.12pb, 0, = 0.096pb

« Single Top: 1.28 events
» s-channel (1.5 pb) and Wt (15.74 pb): MC@NLO 4.01 with HERWIG 6.520 and Jimmy 4.31.
> t-channel (20.92 pb, K=0.866): AcerMC 3.8 with PYTHIA 6.425
WhHjets: 0.54 events
» ALPGEN 2.13+HERWIG 6.520: Wbb, Wcc, We, Z — Il, W — Iv; HFOR overlap removal
» Uses data to normalize and change mix of heavy flavours
* Minor backgrounds: 0.2 events
» Dibosons and Z + jets;
» Dibosons: HERWIG 6.520 and JIMMY 4.31; charged lepton filter p; > 10GeV, |n| < 2.8.
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. Lepton+Jets ___CMS Preliminary, Vs =7 TeV, L=5.0 ft" C M S
‘\; 30E_,—O—Observed : :
£ F Mewecedsio mp (GeV/c?) _ Obs limit _Median Exp limit
;\% - ... Expected + 20 110 2.5 3.1
® xF ; 115 2.8 3.6
120 31
| 125 3.8 49 |
130 44 6.3
135 5.6 7.8
: 140 6.7 10.5
91!0l — I11[5l — l1%0I — .1ZSI — l1:;0l — l1:;5I l ;61\1/;'0 .
my, (Ge
Lepton+jets mode
5 [ T T T T T T
% 50— ATLAS Preliminary \;‘s=7TeV,J.Ldt=4.7fb'1 ] AT LAS
s - —e— Observed (CLs) -
€ L - Expected (CLs) ttH (H — bb) ]
3 40— [@@+1o —
;; D= - myg (GeV) | observed | median | stat only
o E 110 7.0 6.0 3.5
201_ E 115 8.7 6.9 4.0
- ] 120 10.4 8.5 4.9
1ol 1 | 125 13.1 10.5 6.1 |
. - 130 16.4 13.0 7.8
e T R - R - R - R 140 33.0 23.2 14.2

Very big difference!...
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ttH Systematic Uncertainties

+ tt+heavy-flavour fractions: vary by 50% - theory studies suggest
cross section uncertainty is 50-75% ; should be weighted down by
the fraction of this background. Fit puts it at 30%.

« tt modeling (Alpgen):

» Qfac: (x2.3%) The factorization scale for the hard scatter is varied by a
factor of two up and down relative to the original scale, Q2 = X m?2+
P*r

» kTfac: (£9.2%) The renormalisation scale associated with the evaluation
of a, at each local vertex in the matrix element calculation is varied by a

factor of two up and down relative to the original scale, k; , between two
partons.

» Functional form of the factorization scale (iqopt2): (x 13%) Default
choice (=1) for dynamic factorization scale, Q% = Z ;,,sm?+ p?1, changed
to Q? = x,x,s. This has an order of magnitude larger effect than Qfac.

partons
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 tt cross section: +9.9 -10.7% using NNLO Hathor.

« Jet Energy scale: 16 eigenvectors recommended by the jet/
ETmiss group are varied.

* b, c and light tagging: 9 (btag),5(ctag) eigenvectors
recommended by b-tagging group are varied for heavy
flavours and the one value for light flavours.

 QCD Multijets: Mostly in the electron channel. Correlated

50% uncertainty plus uncorrelated statistical estimate in each
channel (66% in 6 jet 4 b-tag)

« ttH parton shower modelling: 1-5% effect at mH = 120 GeV
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ATLAS/CMS differences

Systematics:

*  No QCD systematics (no QCD background?!) .
*  No ttH modeling .
*  No W+jets/HF systematic .

*  No JVF systematic (pileup suppression)

+ Different treatment of Jet Energy Scale (ATLAS 16
NP), b-tag sys. (ATLAS 9 NP) and c-tag sys .
(ATLAS 5 NP): CMS one Nuis. Par. .
* b and ctagging correlated .
*  One tt systematic uncertainty (ATLAS 3 NP) .

» ttbar+HF 20% instead of 50% uncertainty

Cuts:
. Electrons and muon:
»  ATLAS p;>20/25GeV

Summary:

ATLAS using CMS systematics: 35% better
20% improvement from more signal

Remaining improvement from use of Multivariate
analysis (22%)

In numbers:

o/ogy = 10.5 -> 7.8 from systematics
Take 22% improvement from MVA: -> 6.1

Take 20% additional signal: o/ogy, -> 5.1 (expect)
CMS: 4.9 (expected)

> CMS p; > 30 GeV

. Jets:

» ATLAS pT>25GeV
» CMS 3 leading jets pt > 40 GeV (otherwise 30 GeV)

. More signal and higher cuts. Not clear what signal
sources are used

Channel Signal Background S/\/(B) Ratio: S/+/(B)
ATLAS | CMS | ATLAS CMS ATLAS | CMS | CMS/ATLAS

bjet, 2tag | 4.45 6.3 3567.38 | 22556.8 | 0.0745 | 0.133 | 1.78

djet, 3tag | 1.23 3.5 1294.14 | 1041.6 | 0.0341 | 0.108 | 3.17

Sjet, 3tag | 2.8 4.7 887.25 666.7 0.0940 | 0.182 | 1.94

bjet, 3tag | 4.61 4.4 622.88 404.9 0.1847 | 0.219 | 1.18

djet, 4tag | 0.16 0.5 19.94 20

0.0358 | 0.112 | 3.12

Sjet, 4tag | 0.83 1.2 38.33 31.8 0.1341 | 0.213 | 1.59
bjet, 4tag | 2.28 1.7 53.12 39.3 0.3128 | 0.271 | 0.86
Total 16.4 22.3 0.4084 | 0.492 | 1.20
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The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
/ \

Toroid Magnets Solenoid Magnet SCT' Tracker Pixe.i Detector TRT Tracker

Inner detector

- for n=0, track has typically 3 Pixel, 8 SCT and
30 TRT hits

- magnetic field (~2 T) produced by solenoid

- coverage: |n|<2.5 (2.0 for TRT)

- resolution: o(py)/p:=0.05%®1%

Ricardo Goncalo New Worlds, Lisbon 2012

Calorimeters

- Pb/LAr accordion
structure
for EM
- provides e/y energy
measurement with

o/E~10%//E(GeV)®0.7%

- lron scintillator tiles for
hadronic

- provides jet and E;™Miss
measurement with
o/E~50%/+E (GeV)®3%

- Forward calorimeter:
FCAL
covers up to |n|<4.9

Muon spectrometer

- coverage: |n|<2.7

- magnetic field (~0.5 T)
produced by toroids

- 0(pv)/pt=10% for

pPt= 1TeV
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