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Running Conditions & Event Rates

« Luminosity scenarios: T i

— For 2008: (initial running) ’
« L<10% cm2s, [Ldt~ 1 fb

— For 2009: (low-luminosity phase) o / .

+ L=1-2108¥cm2s", [Ldt <10 fo!, " o
« 30 fb'! between 2008 and 10’ | 0’ g
2010/2011 10 5,4(E; > s/20) 10 mﬁ
— Beyond: (high-luminosity phase) 2 . o
b 10 10”

e L~1034 cm=2sT,
« ~300 fb'' by 2014/2015

10°
« Pile-up: 0 o /

o (E." > 100 GeV)

events/sec for L

— ATLAS expects ~2 (low-lumi) or 20 0° o oulE ) L)
(high-lumi) p-p minimum bias 0° st = 150 G ol
interactions per bunch crossing (25 ns)  10° fo,__(M, =500 GeV) \ 10°

L Dll — l — lID — L
Vs (TeV)
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LHC SM Higgs Production and Decay

« Production processes , K-factors and cross-section uncertainties:

1> gluon fusion gg =H K~2.0, o uncert ~10-20% NNLO
i VBF g’ = g'q’H K~1.2, o uncert ~5% NLO
q - “r‘wiz j
T SM H_i £8s production _ - | SM Higgs Branching l}gtios (NLO, few % accuracy)
o [fb] Z
Ler | A\ e
104 excluded
9q — qqH NLO 0"
2
10
:Tp\:-I.HI_.‘ng_gs\\?kmg_g.ou!) 10 - ) ) L
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Semi-Leptonic final state

» Features:
— Attractive due to large BR(H—bb) at
M,<130 GeV. )
 Combinatoric background: hadronic W-s .
— There are many ways to combine : b,

objects intheevent | Ao
—> Large tails on mass reconstruction.

= |
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leptonic W

\

Semi-leptonic: trigger
on high Pt isolated e,u
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Semi-Leptonic final state

» Features:
— Attractive due to large BR(H—bb) at
M,<130 GeV. )
 Combinatoric background: hadronic W-s .
— There are many ways to combine : b,

objects in the event
—> Large tails on mass reconstruction.

. Pl
leptonic W

Semi-leptonic: trigger
on high Pt isolated e,u

Missing Et used to
reconstruct neutrino

11-Jan-2008



Semi-Leptonic final state

 Features: Select events with high
_ . jet multiplicity (=6), at
,If‘/lttr<a1czc’[3|(\)/(=G %l</e to large BR(H—Dbb) at e & peea i s
H [l

 Combinatoric background: hadronic Wes.

— There are many ways to combine Pro—
objects in the event

—> Large tails on mass reconstruction.

. v
leptonic W ¢

Semi-leptonic: trigger
on high Pt isolated e,u

Missing Et used to
reconstruct neutrino
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Semi-Leptonic final state

 Features:

— Attractive due to large BR(H—bb) at
M,<130 GeV.

« Combinatoric background:

— There are many ways to combine
objects in the event

—> Large tails on mass reconstruction.

11-Jan-2008

Require W,t’s to
be reconstructed

Select events with high
jet multiplicity (=6), at
least 4 b-tagged jets.

Semi-leptonic: trigger
on high Pt isolated e,u

Missing Et used to
reconstruct neutrino




Semi-Leptonic final state

 Features: Select events with high
_ . jet multiplicity (=6), at
,If‘/lttr<a1czc’[3|(\)/(=G %l</e to large BR(H—bb) at tern A bdEE e A
H ) oo Require W,t's to
« Combinatoric background: be reconstructed

— There are many ways to combine _ Pr—
objects in the event Use remaining b4| ~ H---Hoo

i - jets for Higgs =77
> Large tails on mass reconstruction. =278

Semi-leptonic: trigger
on high Pt isolated e,u

Missing Et used to
reconstruct neutrino
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Semi-Leptonic final state

 Features: Select events with high
_ : jet multiplicity (=6), at
'Ie/lttraf:t%l(\)/% dt{/e to large BR(H—bb) at loast 4 btagged jots.
H<_ e ' Require W.t's to
« Combinatoric background: be reconstructed
— There are many ways to combine rp——
objects in the event !Jsefren;aining B
> Large tails on mass reconstruction. 180 | -
* Physics backgrounds:

— Backgrounds must be determined from

data, in MC o(itjj) dependent on scale Semi-leptonic: trigger
choice. on high Pt isolated e,

— ttjj: b-tagging optimised to reject light Missing Et used to
jets. reconstruct neutrino

— ttbb (QCD & EW): 2 extra b-jets are
not from a Higgs (typically QCD, so
gluon radiation).

->Kinematic info can then be used to
reject bg.

ttob (QCD)  ttbb (EW)

i oy
N , g Brmé?)'b
/ b b b
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t ,_751513'66756 T
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Preselection

1 lepton, 6+jets, 4+bjets

« Electron Preselection (author ==1||3)
- Pt>25GeV,In|<25
— ISEM & OxFF
— Etcone20/P; <0.15

« Muon Preselection (Staco HighPt: author==1)
— Pt>20GeV,n| <25
— /Ny, <30
— FEtcone20/P;< 0.3
- DO, <0.05 mm

vix

« Neutrino Reconstruction
— Solve P,z from 2d order eqgn. for W-mass
— Use “A=0"if no real roots; (i.e. set —ve square root =0)

« Soft Muons to add to jets (Staco Collection author==1||2)

— Not already passed muon preselection + inter-auth overlap removal

— 4<Pt<100GeV,n|<25
—  X%/ny, <30
— Etcone20/P;> 0.1 GeV
— Add muon to jet when AR(,j)<0.4
« Jet Preselection
- Pt>20GeV,n|<5
— Elec. overlap removal (use elec): AR(e,j)<0.2 && P.elec/P jet >0.75
— Calibrate with Atlfast out-of-cone
B-tagging
— 4 of the preselected jets within n| < 2.5,

semi-leptonic final state
hadronic W 1

oo a8

< ol

leptonic W

-~

¥2/ndf: 33.6/16 = 2.1
mean: 117.11+ 0.43
G : 16.07 + 0.49

My=120

xZ/ndf: 15.9/16 = 0.9 l

L1 | 111 ‘
160 180 200

m, . (GeV)

— SV1+IP3D >= 4.5, but Xbtag(h) Il >0, £4b |l >8 used in constrained fit likelihood.
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CPPM,RAL,Glasgow,UCL

Currently use cut-based approach & two
likelinood analyses:
— Cut-based: used as a baseline for likelihoods.

— Marseille analysis, based on combinatorial
likelihood.

— CVS-based analysis using constrained mass fit
with 3D likelihood.

— All use the same loose preselection.
— All normalised to 30 fb-! and M, ;=120GeV
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Cut-based analysis

— Leptonic & Hadronic W reconstruction, mass-
window cuts (25 GeV) applied to remove e.qg.
QCD multijet background.

— t,tbar reconstruction to remove e.g. W+jets bg.

— Event combinatorics; choose comb. Minimising
XZ =(Mypp-My)= + (mjjb'mt)z-

— Produce M., from two remaining b-jets after
t,tbar are reconstructed.

\ \ Reconstructed Mbb \

| Recon

al L -
140 i
- Correct combinations r | 1 |EJubbQcD]
F Signal
120

Significance ~1.9

Large tails on
mass resolution

20
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Combinatorial likelihood analysis

CPPM

« Combinatorial Ihd PDFs
— done after preselection

« Combinatorial Ihd improves ' Feloe comd
significance over cuts-based for
this working point.

« Also improves Higgs purity,
resolution

[ o

— True comb.

o

X of

o.oa-

oo

oo

o @ Too a0 a0 w00 500 o00 700

o S0 0 TO0
m, (GeV) m,,, (GeV)

« As before, suffers from lack of j
stats! 1
« SAB=2.2forcutonlhd=0.9 (Incl. | 4f 7 | .
mass window cut ). - i _
a o5 1 1.5 2 El j};‘rad?_'l 0 oF f 15 2 25 37 A5 ;R?Ij’h;
$'F 2f 2 Eas0[ ttH
gt g5 g1 2 - 23 tbo (QCD)
g | E & ¢ B
2o Mk I Likelihood-based 00" ﬁ,’j’b (=
SE e 1 F Cut-based af- 2ndf: 12.7/5 = 2.5 E
S ek ¥¥ndf: 5.6/5 = 1.1 L Qrcnean;'11é_472 0.96 250 Likelihood-based
0k s mean: 119.17+ 1.47 i G :20.02+1.32 s
| — Correct comb. : G 124041229 Cin i 200
1o Wrong comb. i3 - Correct H comb. 4? H A ~ Correct H comb, ,5,F
F 3 [ £ 2 ; C
E i A 100
2 + ] - - H : r
i, e b ey ok
] ) . ity 4 P H ++ . L__ESsimss s i e es
[ S PR T PO PR I P PR e RN AR 0 PR i + +* e ; _
007 02 05 04 05 06 07 0609 1 % 30 100 150 200 250 s00 320 40 O s R o B ) R o 300 S e B s 100 150 200 " 300 -
Likelihood my; (GeV) m, - (GeV) '“bsﬁev)
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Constrained mass fit with 3-D |hd’s

= -0. 8 D 6 -0. 4 -0 2 0 02 04 06 08 1

I alr“ |g leelll |00d : Xx? correct H‘+Tf}Th|‘T gé(,'-t).m cor e(‘:tﬂj %’”Lﬂ}ﬁ"\ﬂ‘
= assign J*.hﬂlﬁ' “*r” N«MI ?S%dbb' “* +;’+‘ MM%WT ‘W‘f
I 10E n'l( “”‘:ﬁH\I‘?HI fal +: 13; I“‘\“ I‘l ;
— Fit 7 parameters (6E;, P,v), form G _ 7" e e T 4

minimum %2 — e S
- ConStraintS:Mt! Mt! MW! MW! 6Ejmea< g% gS '”:‘ & %:‘,}—’”” Wronog™
8000 v o 3000 3% mi VYN,
— Set of variables taken: R gm assign %
o 2 chi2
X . . 0 W s oLl w0 =ratic |
Full 3D jet_dot t min (Largest jet-top | o T
|hd angle in COM frame) w_? i 0 0 . T 1% ?fns ojmt %2 0 02 04 06 os E
+ Leptonic t-b cose* Jet_dot_t_min
. o o0.67
* AR I-b (Leptonic top) S %S\ e Mateh Higas
b3 i -~ -9l * Direct
Treat * Jet Nimax £ /w‘gﬁw | _-’J*_«\'&H% °_Cut based
Higgs-b cosb* g L ST T vy
as 1D o // g | T‘—ﬁm_
° 1 10" &7 K cosThStar Lp.3 - : N
Raw hadronic M :

—

o
\S]

—

. 1

7 . WicosThdar H mﬁq
. ar I o 84 b
t I %= o TbrcosThaar [ - = ,
/ £/ « e Tbh cosThStar|[] r _

ﬁ)" / . _ll-_%lr%('):{sThStar -

« Jet Charge | ids R :
. 4

/W‘ . ' Eﬁ CoM |
2oglikelinood(4-btag) (ﬁ 1/ ,3;; 01
10% 0102030405‘06070809 1 G:
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Constrained mass fit with 3-D |hd’s

1D likelihood plot examples RAL

— ‘ | I i
[ ttbbEW I O ttbEW
L_1mboaco [ tbbaco

B signal B signal

4 &
C

Signal/Background:

— Similar approach:
« Major variables treated as full 3D
« Minor ones added as if independent
— Set of variables taken:
Full * Il from combinatorics

-10 -5

(o8]
o

e
1089 10 11 12 13 14 15 16 17 18

Significance
3D - Ilb_sum
lhd « sum_btag Higgs m —
. AnH_top. min _@L E
Full ¢ Max cos(tH) in CoM — ﬂk
3D * PyinCoM e e U
lhd < An between Higgs jets B ” ™ Logiketinco _
— Total Effect: peak in S/VB=3.2 o DR o SE
- (stat only — no systematics!) > Hﬂ BEERE - EemamE
. (applying M,, window, SA/B=2.5) o ST g butat 4
— Completely arbitrary 10% sys err. on .
background, S/VB drops dramatically! =

bt gl L L
1 1 'J an- 2008 %50 100 150 200 250 300 350 400 450 500 50 100 150 200250 300 350 400 450 5200
Mass. GeV/c? Mass, GeV/c



Pile-up

« Aim: study impact of pile-up on b-tagging performance, Glasgow
combinatorics, hard and soft leptons, mass resolutions.

« Background pile-up samples had a problem, >2Gb memory
needed!

« First, look at signal samples only for low-lumi (103):

‘ AllJets jet multiplicity (Pt>20Gev, [Eta|<5) ‘ jetmultiplicity ‘ BJet multiplicity after presslection (Pt20Gev, [Eta|<2.5, bWt >4.5) ‘ ‘ Number of hard Ieptons | harfilepions
Entries 28409 Entri '\E'Intrlas 28
8000 Mean  6.198 Mean  2.365 F lean  0.6825
F RMS 1.04 F RMS 04856
€L Mult. s 4000 bdet mult. —= 2 Y R [~
F Entrie: ntries 11764 - Entries 28409
F Mean L 2.328 F Mean 0.
6000 RMS o 1.038 - RMS 0.4
5000 3 Hard lepton
=0 I mult
a000F — No PileUp 2000 —— No PileUp
8000
3000
—— PileUp Ly 6000 1 \ —— PileUp
2000~ 1000 e
1000 500 2000
G’ | o L

Ll ol bt s b b b
05 0 05 1§15 2 25 3 35 4 45
Hard lepton multiplicity

I I I BV A | |
0 2 4 6 8 10 12 14

o L Effect on soft leptons
EEEEEEEEE likely to be larger

* ~9% loss of signal mainly due to
reduction in events having >=4 b-jets.

: ) - Backgrounds will be affected too.
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Trigger

: . . RHUL, UCL, Genova
« Analyses do not yet include trigger (to do!), but effects investigated for
e25i, e60 & mu20i.

« Efficiencies calculated after preselection for e25i showed a high-Pt
drop-off

« €60 was considered, and appeared to improve efficiency with a
manageable expected rate increase.

. EtM|ss and Jet trlggers show some promlse
i . + i1 bttt + + ﬂ“ ! Y ++++++++++‘+“
%o.a} Fereytyd ++++ +*++ ++ | osf- ¢t +4 | o8 Tarayt t =
# H W_ i + = V E

0.4; é 0.4; + é 0-4; ’:
osb @ e25i efficiency at EventFilter _: 02:7 ® e60 efficiency at EventFilter j 0.2:_ @ e25i + e60 efficiency at EventFth;E

C'C] 20 40 60 80 100 120 '131‘0 16C GO 20 40 60 BO 100 120 140 160 180 20( OU 20 40 60 80 100 120 140 160 180 20(
~(GeV) p (GeV) P (GeV)

« Overall, efficiencies after preselection found to be: BERNIDSS
Trigger level | e(e25i or e60) | €(e25i or mu20i) e(e25i or e60 or mu20i)
Level 1 98.7 £ 0.2% 88.3 + 0.4% 92.4 +0.3%
Level 2 92.7 +0.4% 83.4 +0.4% 87.0 £ 0.4%
Eventfilter | 86.0 +0.6% 79.7 £ 0.4% 82.7 £ 0.4%

11-dan-2008 17



Conclusions

« Cut-based & likelihood analyses:

— Likelihood analyses improve significance for a particular
working point.

— Achieved as high as 3.26 [RAL, M,,=120, 30fb™"], but with
no systematics included ®

* Much work still to do:
— Systematics
— Trigger (esp. fully hadronic).
— Fast Calo Sim sample for use in shape analysis.
— Neural Net
— Improving signal extraction
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