Inclusive Search for the H - yy

- Why H - yy?
~ Ongoing work
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Analysis Challenges

Irreducible backgrounds

Y
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Reducible bakgrounds
nANNSY q a9a¥aCaVal q
g 0000000 T q
Jet
Process T TLO
(GeV/e) (ph)
H — vy (120GeV/e?) | — 1 0.057 (NLO)
pp— 77 (born) > 25 32
pp— 77 (box) > 25 22
pp— 7+jet > 10 4 x 10*
pp—jets > 60 6.6 x 100

> Born, Box and 1solated
bremsstrahlung

> dG/de~ 100 fb/(GeV/c?)

> Require very good mass resolution:
~1 GeV/¢®

- QCD high p_ jet processes

> Fake y from n’ and n hadrons
> Need jet suppression: € ~ 107



Signal and Background Data Samples and Cross

Summer08/Fall08 Signal Samples at /s = 10 TeV
Process Generator  #Events o ¥ Ldt, (fo 1)
H120 (gluonfusion) MCatNLO 20k  40.8+0.7fb 40.8fb 490
H120 (all) PYTHIA (LO) 20k 38fb 38fb 526
PYTHIA Signal Cross Section for M (H) = 120 GeV/c? NLO Cross Sections

NG gg fusion WW fusion ZZ fusion WH  ZH  ttH M(H) o (fb)
14 TeV 49 fb 9 fb 34f 37f 21f 15 f | 120GeV 574

10 TeV 27 fb 4.9 fb 1.8fb 25f 1.2 f 06 fb 130 GeV  49.9
150 GeV  23.2

Summer08/Fall08 Background Samples at /s = 10 TeV

Process Generator NG pr(H,;) #Events 9" o™ Lum (fb 1)
g9 — vy (box) PYTHIA 10 TeV 25 500k 22ph  22pb 227

g9 — 77 (box) PYTHIA 10 TeV 10+25 500k 580ph 580ph 0.86

qq — vy (born) MADGRAPH 10 TeV 10 1M 210pb 210ph 4.8

pp — v+ jets MADGRAPH 10 TeV 40 =100 1.96M  40.6nb 40.6nb 0.0483
pp — v+ jets MADGRAPH 10 TeV 100 =+ 200 730k 8.3nb 8.3nb 0.0877
pp — v+ jets MADGRAPH 10 TeV 200 = Inf 2.18M  0.99nb 0.99nb 2.2

QCD Jets PYTHIA 10 TeV 60 245k 6.6 ub 6.6nb 0.037
g9 — 7y (box) PYTHIA 14 TeV 25 500k 36pb  36pbh 139
qq — v (born) PYTHIA 14 TeV 25 - 45ph - -

qq — vy (born) PYTHIA 10 TeV 25 32pb 32 pb -

QCD Jets PYTHIA 14 TeV 60 245k 122 ub 12nb  0.02
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Event Selection

Prob 0.4189
Constant 199.41+ 5.4
Mean 119.7£0.0
Sigma 0.6198+0.01680

$ 200

- Combine two highest p_ photons in the event to form 180
160

the Higgs candidate (DoublePhoton HLT path) 140
120

100

> Negligible effect on vertex resolution 80

» Efficiency of finding two photon vertex (no pile- 28

up samples) 20

EB: Ry"™>0.948
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Isolation and y conversions
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> Neutral hadrons (n°, i) from fragmentation processes

fake photons
> Isolation exploit 3 subdetectors variables computed

inside a cone
- High value of R identifies non-converted photons
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Categories

< Divide events according to signal purity

m S /B varies with 7;

D I10°F T
c F .
m different resolution for EB and EE; S Ro=Es/Esc
. . . = — Signal —
m conversion degrades resolution and raises bkg. 19 o -
— Background 7
4 categories 10E | .
‘nnm.r‘ < 1.479 ‘Tlnm:r‘ ~ 1.479 ; WL
Ry > 0.93 25.4% 25.5% 1 =
Ry < 0.93 26.6% 22.5% -
6 categories 10k | .
‘77])1(1,1"<1‘479 ‘nnm:‘>1479 :H“IH‘HI‘HI‘H‘“(‘IHH‘H“HI“H:
R(l)ﬁlhl. ~ (.948 190% 217% 0 02040608 1 1.21416 'I.BRZ
0.9 < Ry < 0.948 9.7% 7.0% ’
Ry™ < 0.9 23.3% 19.3%
12 categories
| < 0.9]0.9 < | < 1AT9 | LATO < [pmer| < 2.1 ][] > 2.1
Ry > ().948 10.7% 8.3% 9.0% 12.7%
0.9 < Ry < 0.948 5.1% 4.7% 4.0% 2.9%
Ry < 0.9 8.2% 15.1% 12.0% 7.3%
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Di-Photon Yield

— -5 800 ¢ 300f

2450 S = 4

> j Ldt = 200 pb'1 % 700 J. Ldt = 200 pb'1 .,E i J Ldt = 200 pb

8 400 - pp—yy(born+box) O - pp—yy(born+box) Ll 2 [ - pp—v7(born+box)
< 350 Il ppv+ists(Madgraph) _c_\']~_: 600 Il rp—v+iets(Madgraph) [ - pp—7Y+jets(Madgraph)
N pp— jets (QCD) N pp— jets (QCD) pp— jets (QCD)
7 300 = :

) c

= 250 L -

= 150F

Ll

-l-.|____ [ P 0

100 120 140 160 180 20 0 20 40 60 80 100120140160 18020 0 0.10.2030.40506070809 1
M(yy) (GeVic?) P, (rv) (GeVic) Coso|

Event yields for / Ldt =200 pb !
and /s = 10 TeV

Signal assumption

m apply k-factor 1.2 for box (Pythia); Process |[Am| < 5 [100, 150] | > 80
m no k-factor for the born (Madgraph); H— vy 4.6 5.0 5.0
Limited statistics to estimate back- PP~ 77(born) 206 1291 ) 3327
. . pp— 7v(box) 74 353 963

ground yields per categories :
pp— Yy+jets 165 825 2297
< |solation cuts are included pp— QCD 70 281 670
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Observables and Correlations

lin. corr. coef. (%)
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> Correlations of mYY with others < 5%

(15%) for signal (background: 4 event
types)
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Entries/(0.3 GeV/

Discriminating variables
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Signal Resolution Model

Model: Crystal Ball + Gaussian Fit of all categories
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Model Optimization

- Test different models 10fb~" and /5 = 10 TeV
> Extended unbinned ML fit Model <5’ L>
> Estimate significance (Profile Likelihood) L(m.-) 2 14+0.03
LMy, pT) 2.6640.03
L(m~,cos ") 2.4740.03
L(mey, pr17, cos 6%) 3.00+0.03

L(me., pr'7, cos 0%, catd)| |3.6040.06

Best performance: Likelihood model based on event topology + 3 discriminating variables
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EB: R, < 0.93

GeVic?)
B

> PDFs for each component are fixed

|

- Floated parameters N , N :
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Model Validation with Toy MC

ull_valo htemp
» Produce 570 H - yy events per 10 fb™ Eres o180
> Divide 20k signal events into 35 e 0 10 RUS 133
independent samples 1:_
> Generate toy MC background 1: o
~ Fit model signal + background b
1E - — - -
0.8
0.6
0.4
0.2
S S S e e
pull_val0

No bias observed in N _pull distribution
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Significance and Upper Limit

o/osn < 4.6 at 95% CL (200pb™'), v/5 = 10 TeV
S; =+—2ATnL = 3.3+ 1.1 (10fb™ 1), /s = 10 TeV

1000
3.309
1.076

upper limit on G/GSM with 200 pb'1 Entries 500 S]gnlflcance with 10 fb Entries
5 120— Mean 4.57 45 Mean
s RMS 2.346 = RMS
S 40
100 — =
B 35—
80— 30
- 251
60— g
- 20~ |
40— 15[
: TI for-
20? [ |
: £
“u_‘ '2|"'Jt'”r|s“'é"‘1m4'”1ls‘"1|a"'20 o:T'“J"-'-" e b b Ll v me
95 UL on 645 /Oy 0 1 2 3 4 5 6 7

ATLAS expects 3.6 o with 10fb™" at /5 = 14 TeV
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