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Associated SM Higgs boson production

+ ttH, H— bb B e ol
- 0xBR~04-0.2pbform, ~115- 8 T WH
130 GeV g 10F - A
- expected to contribute to discovery <
potential of a low mass SM Higgs boson |
- access to t- and b-Yukawa couplings :
e ttH, H -WW and WH, H - WW .
- relevant in the mass range around m, Gl

160 GeV (probably after several years of
LHC running)

- oxBR(ttH, H— WW, m_= 160 GeV) ~ 0.26 pb
ox BR(WH, H — WW, m_=170 GeV) ~ 0.49 pb

Branching Ratio

- provides access to t-Yukawa and W-H
couplings — no discovery but relevant for
testing the Standard Model

« All three channels under study in ATLAS with
full detector simulation and for an integrated
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10°F

luminosity of 30 fb"
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The ttbb final state

« ttH — Ivb qqb bb

- signature: 1 isolated lepton (trigger!), high jet
multiplicity with 4 b-jets

- challenge: Higgs mass reconstruction
» Other final states: full hadronic hard to trigger on

(study underway), 2L with low branching fraction (no
ATLAS study so far)
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« Main backgrounds: SV EE \ N

. . “f / b
— irreducible: ttbb QCD+EW el b, 7
T L] ‘ - ST N
S ~_ 56E0007 Ty

- reducible: tt+jets

« Other backgrounds: W+jets, tW, bbbb, jet production from QCD processes
(QCD background) not considered here
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Preselection

 Trigger requirements: single lepton triggers
« Offline:
- one isolated lepton (p_>25/20 GeV for e / , |n| < 2.5)

- at least six jets (cone algorithm AR = 0.4) within |n| < 5.0 and p_> 20 GeV

- at least four jets passing the b-tag requirements:
combined impact-parameter and secondary vertex tagger (— talk by
L. Vacavant on Thursday)
tight b-tag: &€ ~ 65%, light / charm jet rejection =60/6
loose b-tag: € ~ 85%, light / charm jet rejection = 8.6/ 2.4

- soft muon assignment to b-jets; flavour-dependent jet recalibration

Preselection cut ttH(fb) ttbb(EW) (fb) | ttbb(QCD) (fb) 1tX (ib)
leptoncuts (ID +p )| 57. 0.2 141 £ 1.0 1356 £ 6 63710 4+ 99
+ > 6 jets 36 £ 0.2 77 +0.9 665 + 4 26214 + 64
+ > 4 loose b-tags | 16.2 + 0.2 23 +£0.7 198 + 3 2589 + 25
+ > 4 tight b-tags | 3.8 £ 0.06 42 +0.2 30 +£0.8 51 +£2
LO LO LO NLO
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Cut-based reconstruction

- Hadronic W candidates from all pairs of light jets ~ Reconstructed H boson mass

. . . m =12 Vv
- Leptonic W: neutrino p, from lepton and missing E_, H 0 Ge
assuming the W mass §oz | | amas]
. : Do.18 1l :118.52+1.07 GeV
« Mass window cuts: hadronic W and top quark S o 12285%164GeV |
candidates within + 25 GeV of their nominal masses gon red: correct bjet
. . . - 2 i t (~30%) -
« Select combination with minimal x* g o4 asslgnment {~30%) 4
0.08 : -
2 Mjjp — Miop ’ Mivp — Myop > 006 o ,|+|, E
r ( ) N ( | ) 004 +§T+?'-§ i “é;+3++ :
O vy ooz by ) I‘h"i‘?ﬂ'_h_ .
o =13GeV, o =19 GeV 056" 700 150 200 250 300 350 400
m(jib) m(ivb) m(bb) [GeV]
. . . . . S‘ L N R L L
 Remaining b-jets assigned to the Higgs-decay 8 of B - ATLAS ]
E’?_ ; — ttH
« Mass cut of £ 30 GeV around the nominal Higgs 2 e Shton (W) ]
boson mass g | =)
w 3
g I
i = o
— accepted o(signal) = (1.00 £ 0.03) fb, :
S:B=0.11, e
- = - » — o :_._._IlLLLJJJ]: : s T
irreducible background (t{tbb) contribution = 46% (= is e s st e s i

m(bb) [GeV]
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Multivariate approaches

- “Pairing likelihood™:

- Topological distributions of t-quark system as input for a likelihood:
m_,m_ ., m ., AR(qq,b), AR(/b), angle(q,q)

vb’
- rejection of combinatorial background
— accepted o(signal) = (1.2 £ 0.04) fb

S:B=0.10
irreducible background contribution = 45%

« “Constrained fit”:
- fit to adjust jet momenta and missing E_to give Wand top quark masses

- two-step likelihood: x* output of fit, event kinematics, jet charge and b-tag
weights (only “loose” requirements for candidates!) as input

- rejection of combinatorial and physics background

— accepted o(signal) = (1.3 £ 0.05) fb
S:B=0.12
irreducible background contribution = 50%
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Comparison of the performance

Signal selection efficiency vs. bb purity

’E‘O:ZéHIHI'llllllulllHHlHHIHAITL'.AISE Analysis working points
.go o ot baced E cuts [likelihood | fit
OO © ut-pase =
0.5F &1 o Likelihood 1 Pace [ 1.0 1.2 1.3
oasE-| | Th 4 Constrainedfit 3 |S:B 0.11 0.10 0.12
0.4E- *1 E}HE{JTIJ‘E:jﬁ 1 lirred. BG | 46% 45%| 50%
o.35§— f% —
0.3F -
0.25} i : - Py,
- analysis working points Dy,

|||I||||||||||||||||||||||||I|||||||
025005 001 0015 002 0025 003 0035

Efficiency

Cut Based | Pairing likelihood | Constrained fit
b jet from Hadronic top correct 44.4+1.1% 49.2+1.1% 51.0£1.5%
b jet from Leptonic top correct 50.5+1.2% 57.4+1.1% 56.24+1.5%
Higgs boson jets correctly chosen 29.4+1.0% 34.0+1.0% 32.0+1.4%
Four b quarks correct 23.3+1.0% 27.5+1.0% 27.1+1.3%
Higgs boson mass peak resolution, GeV 22.8+1.6 20.1%1.1 22.342.1
Signal Efficiency 2.0440.05% 2.3240.05% 2.4940.07%
Signal to background 0.110+0.014 0.103+£0.014 0.1234+0.019
s/v/b, 30fb~! 1.82 1.95 2.18
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Systematic uncertainties

Main sources of detector performance

* Theory uncertainty: large for all uncertainties (maximum values, dep. on analysis)
contributions signal [background
I 0, 0
» Overall detector performance jstenergy scale = 9% = 14%
, | K ] jet resolution <5% <14%
(signal / background): b-tagging efficiency | < 18% <20%
- 18% / 22% (cuts) light jet mistag < 3% <10%
- 20% / 25% (likelihood)
- 19% / 28% (constrained fit) Signal significance vs. syst. BG uncertainty
. ) @® Er ET TR ol 50 oF [ B O Sl oF Y &7 O O BF A5t 10 0F
* MC statistical uncertainty onthe £ 75 P
tt background ~ 20% £ oF E
S 15 5
@® 1.6 cut-based E
S8 14F pairing likelihood —
— background contribution 2 19F constrained mass fit =
needs to be determined from 1= =
data 0.8F .
. 0.6 E
 Background uncertainty ~ 5% 0.4F =
necessary to achieve reasonable 0.2 current MC based estimation -
significance 0% 0.05 0.1 0.15 0.2 025 0.3 0.35 0.4 045 0.5

A B/B
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e ttH, H — WW

- Cut-based studies for 2 like- s(g;n lepton + 6 jets and 3 lepton + 4
jets final states, m =120 -2

WW final states: feasibility study

GeV

- Main backgrounds: tt (+X) production
- QCD background, Wt, WZ, Wbb not considered
- S:B=0.19(2L)/0.24 (3L)

m, =160 GeVgignal| tt  ttbb titt tW ttZ |total BG
o, . X BR[fb] (2L) 11.1| 833000 2619 2.68 1885 110
accepted o [fb] (2L) | 1.85 74 06 006 17 1.14 10.3
0, X BRIfb] (3L) 7.1| 833000 na* na* 1885 110
accepted o [fb] (3L) 0.82 2.1 na* na* 047 0.86 3.4

« WH, H—> WW

* not analysed

- Cut based study of the 3L final state, m =170 GeV
- Signature: 3 isolated leptons, low jet activity, missing E_

- Main BG: tt, WZ, ZZ, ttW: not considered: ttZ, Wbb, WWW, Waiets %2,

- S$:B=0.75

m,=170GeVisignal| tt Wz 2z ttw [total BG
O o X BR [1P] 5.04) 833000 750 73 1885
accepted o[fb] | 0.31] 034 0.1 0.005 0.003  0.45

ttH, H - WW
like-sign leptons
signal final state

b-jet

Main background:
semi-leptonic tt

b—jet

b—jet
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Summary and conclusions

ttH, H — bb

Accepted signal cross sections of roughly 1 fb can be achieved with
S/B ~ 0.10, leading to statistical significances ~ 2

Higgs mass reconstruction: broad (non-distinct) mass peak (limited jet
resolution, wrong assignments) on top of large background

Large systematic uncertainties (background normalisation!)
Background normalisation from data necessary (needs more studies)

Possible improvements in b-tagging and mass resolutions to suppress real
and combinatorial background

ttH/ WH, H - WW

Small signals (~ 1 fb), no mass peaks — signal can only be claimed as
excess above backgrounds (not all backgrounds considered yet)

To reduce background uncertainties, normalisation from data required (no
detailed study so far)

Analyses very challenging!

If backgrounds can be controlled — valuable input for measurements of SM
Higgs couplings

29 September 2008 Inga Ludwig, Freiburg University 10



Backup: pairing likelihood

» W- and t-candidates as in case of the cut based approach

» Topological distributions of t-quark system as input for a
pairing likelihood:

Reconstructed H boson mass

m,, = 120 GeV

ok 1L Tatias
(5 0.25- Y .
m qq’ m m/ b’ AR(qq,b), AR(l’b)’ angle(q’q) S | I mean: 117.27+ 0.81 GeV
: . T = oz G :20.08+1.05GeV ]
. Select combination with maximum likelihood value (event ¢ ™ |
: . : o @ |
is discarded, if < minimum value of 0.9) 20.15] red: correct b-jet
. . . . o H t
« Remaining b-jets assigned to the Higgs boson decay S . [ ) assianmen
« H-mass window cut: m, + 30 GeV NI X :
Palrlng I|keI|hood PDF templates SIS e Fetuteatenn os ]
£ Tarias] £° BPYVYS T ATAS] 0 50 100 150 200 250 300 350 400
£ m(ob) [GeV]
; Z': Output = T BT LT T B[
ot ATLAS
distributions g e EttH =
st @1 2 [Jttbb (QCD)
ol 5 anias| 2. g Clttob (EW)
. A P Tl TR . - WL T TN P rtecie. g”% E g B Dtt” 1
0 50 100 TE0 200 250 333]])3%03?0 0 100 209 300 400 mﬁ[ﬂmczqm 0 100 =200 500 %0 S:i?nn) Gev) %102;‘ 7 § 4;— — —:
e " ras] TR o 2 o :,El: ]
£ 2 [ :
T el h
0 0102030405060.7 0:8 9.9 1 1__ -
ooz o.cef Likelihood : |:|:|_ 1
0.1 oo [ '—.I\.«-IJ-“lu..IHLLI-“-LLLUJHL;
. % 50 100 150 200 250 300 350 400
% 'b.s’"H"'%.s‘,"'a""a.e—;'é‘“ﬁlmjl.s Posi1 152258 5.5"43;%5 20511520253 35 T m(bE) [GeV]
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Backup: constrained fit analysis

. Fit to optimise jet momenta and missing E_according to jet p_-resolutions

2 le le
« Fit ¥2 defined by-xz _ Zﬁl ( a1 ) n (my?” — 80.425)? N (m; P —175)?

i.initial
jer / P; jet O-W O}

with f =P /Piitdl g — 21 GeV, o =1.5GeV, i/ Pigm =0.988//pr &0.035

e el t o7, /Py = 0.888//pr & 0.125
- Pairing likelihood: x* of fit as one out of several input variables, together with
kinematic properties of the Higgs boson, b-tag info and jet charge

« Second likelihood to reject physics background: output of first likelihood as

input + b-tag information and event kinematics Performance of

* H-mass window cut of + 30 GeV input variables
Reconstructed nggs boson mass, m_ =120 GeV 5 |
%’0-35_ I I I T T 5 [ R T [ R R g
F = oF g
3 osl ATLAS ] % 6E % ATLAS : %
s | {1 8 sf [ tij ] 5
c 0.251 Mean=121.6GeV 1 = ] ttbbEW 1 Q
S 1 S 4 [ ttobQCD 5
8 0.0k RMS=21.8GeV E g - Signal %1 0.1__
@ - ] @ T ---- Signal =
B 1o red: correct b-]et 2 af S
S | e assignment | 5 | N/
0'1:_ | : l _: 2~_ _I,' /i .-:f : ax
S LK I Wit L
oos Y i i s, —, 1= ' -/. v
[ . : : PR Y PR ] L I3l w = jet et |
- T LA PP : : I _nU"
0956100150 200250 300 350 400 00 100-150 206 fizte 3
50 100 150 200 250 300 350 400 0 0.1 0203 040506070809 1
M(bb) [GeV] M(bb) [GeV] Fraction of good combinations
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Backup: ttH, H — bb results

Cut analysis: accepted signal and background o

| cut | 1tH(fb) | 1ibb(EW) (fb) | 17bb(QCD) (fb) | 17X (fb) |
Whad * Wiep 2.49 + 0.05 29+02 182+ 0.7 225+19
+ ti+Higgs 2.04 +0.05 22402 14.7 + 0.6 143+15
+ Higgs boson mass window | 1.00 £0.03 | 0.52 + 0.07 3.6 0.3 49409

cross section [fb/30Ge V)

Pairing likelihood: accepted signal and background o

cut analysis

e R EEREa
ATLAS

CItH
OJitbb (QCD) 1
[CJttbb (EW) -
I tjj ]

E B8 BB R IS S S o e P R R
50 100 150 200 250 300 350 400

m(bb) [GeV]
applied cuts ttH(fb) | ttbb(EW) (fb) | t7bb(QCD) (fb) | 71X (fb) = e
Leptonic W 3.6 £ 0.06 41402 29 +£ 0.8 48 + 2.7 S % %%{Eb (QcD) E
+ Best likelihood > 0.9 2.3 +£0.05 25+02 16 £ 0.6 19 4+ 1.7 o 'g ngtjyb (Ew) -
+ Higgs boson mass window | 1.2 + 0.04 | 0.68 + 0.08 4.6 £0.3 6.5+ 1.0 _g '% 7
: : : Q ° ]
Constrained fit: accepted signal and background o =< q:L=|—|____|_‘ ;
Selection tTH(fb) | tibb(EW) (fb) | ttbb(QCD) (fb) | X (fb) : ]
Initial Sample 100 255 2371 109487 50100 150 260 250 300 350 40
Pass preselection 16 23 198 2589 - § R
Fit quality requirements 14 20 165 1584 — 8 —— E
ZLy)p > -4.40 4.9 5.1 35 58 g s Clweew
Ly > -4.20 2.5 2.3 13.9 11.9 = o
Ly > -4.10 1.4 0.96 7.11 45 ® 3
Mass window 90 to 150 GeV. [ °
Ly > -4.40 2.3+0.07 1.4+0.17 10.8£0.7 22+3.1 5
;2?\./;, > -4.20 1.34+0.05 0.624+0.12 4.6+0.5 5.34+1.5 o
Z/p > -4.10 0.71+£0.04 0.234+0.07 2.540.35 2.24+1.0 M(bb) [GeV]
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Backup: detector performance uncertainties

Maximum effects on the ttH, H — bb selection efficiencies (sig/back):
- Muons: efficiency: 0.8%/0.1%; energy scale: 0.7%/4%; resolution: 1%/3%

- Electrons: efficiency: 0.5%/2%:; energy scale: 1%/3%,; resolution: 0.5%/4%

- Jets: energy scale: 9%/14%; resolution: 5%/14%

- b-tagging: efficiency: 18%/20%,; light jet fakes: 3%/10%

- Overall: 18%/22% (cuts); 20%/25% (likelihood); 19%/28% (constrained fit)
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