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: Introduction

® Motivation for SM H—YY
e Sensitive at low Higgs mass region:
114<M,; <150GeV.
® Robust : side band.

e What is new ?

e Simulation/reconstruction :
More realistic simulation.

Massive production of MC samples for the Computing System Commissioning (CSC) since
2006.

® QCD higher order corrections in MC.
Signal and background processes’ cross-sections known to NLO.

Contributions of reducible backgrounds’ fragmentation from hard partons to photons are taken
into account.

® Updated analysis strategies:
Inclusive vs Combined analysis (H+0jet, 1jet and 2jets).
One variable (M) vs additional variables (P, and cos GY*)'
Significance: Event counting vs maximum likelihood fit based.
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® Need good energy and angular resolution to achieve
~1% resolution in Higgs mass reconstruction
® Photon Calibration energy scale and resolution
Separation of converted and unconverted photons

® Photon angle correction

Photon angle from calorimeter pointing and tracking—based vertices

® Need good photon identitication to reject the large
QCD background

® Rejection larger than103 per single jet with photon efficiency
larger than 80%.
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Signal and Backgrounds for
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Photon Conversion
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conversion with a radius smaller than 80 cm.

* An algorithm tagging early converted photons based on
reconstructed single/double tracks has a high tagging efficiency
for those photons (left plot).

e P+/E; (right plot) provides additional discriminating power
e between selected converted photons and those from =°. 9/29/2008




4 Calibration and vertex correction for Photons h

* Calibration My = \’/ 2 (1 — cos{i,) — 0a))
° Longitudinal Weights calibration:
0 0.14r AB RARN LER RARN RN
E.=Sb+WE,.+E+E,+WE,) £ | oneu
20120 ATLAS —10%mst ]
3x5 cluster for unconverted photon S o 2"10%cms" ]
2 0.1—  preliminary .
3x7 cluster for converted photon < )
0.08 7]
e Refined energy correction - )
0.06 ]
Lateral leakage and (/1 modulation oodk b
e Refined position correction:
0.02 _
S—shape (N correction) and Phi-offset 0:' o ]
. -1 -08-06-04-0.2 0 0.204080.8 1
® Vertex correction ZrecZye [MM]

® Precise measurement of Z vertex is very important to improve the Higgs mass

resolution.

® Method : a linear fit of multi-layer centers of the EM shower + event vertex
The best Higgs boson position accuracy is achieved, with a Gaussian width 0.07 mm (see plot).

A likelihood method is used to distinguish the hard scattering vertices from pile-up vertices.
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Results of calibration and vertex correction

*LLQd.DG: LILIL | LI | LILELL | LI | LI | LI | LI L | LI - E IIIIIIII | L L | LILELL | LI L | LI | LI L I LI I:
S2200E- ATLAS preliminary Mean=(119.72:0.01) GeV3 5 450 Mean=(119.46+0.03) GeV=
£2000E- E < 400 =
Eia00E o=(142+0.01) GeV = E o=(1.460.02) GeV e
c At least 1 converted 3 = 350 At least 1 converted v —
<1600 = T 200 _E
1400 = E
1200 = 230 E
= 6/My=1.19% _ 3 6/My=1.22% E
1000F Nominal 3 200 H " =
800F- = 150 Additional 3
ol geometry E 100 dead materiak
200E- = 50 E
fo 35 140 foo =510 115 120 123 1 135 140
M, [GeV] M,, [GeV]

ATLAS preliminary

120 GeV 130 GeV 140 GeV

No pileup pileup No pile up pileup No pileup pileup

Mass fitted 119.46 119.47 129.47 129 .41 139.41 139.41
(GeV)

O, (GeV) 1.46 1.52 1.54 1.62 1.66 1.69

»The reconstructed mass peaks for geometries with nominal and additional
dead material are shown.
> o/M, is close to 1.2%, degrading by a few percent with 1033s-'cm-2 pileup.  g/59/0003 /
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* Three photon id methods: 2
. E 1'1E_ATL.-_|‘-'|5_ s ideal pileup 3
® Cut based (current analysis) W qepreliminary = miselplew
SURT . . 09F = E'E_._ R
® Likelihood ratio algorithm s f "fﬂiﬁ B $
e H-Matrix method 0.7F 3
06F E
D.E;— —
0 A s s T E T s
Pseudorapidity
ATLAS preliminary
All quark-jet gluon-jet
Rejection (before 1solation) | 5070+120 | 1770450 | 150004700
Rejection (after isolation) 81604250 | 27604100 | 275002000

»Rejection of gluon-initiated jets is much higher than that of quark-initiated jets.
> After photon identification, the fake photons are dominated by n° .

\"
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4 Cuts for Analyses
Trigger and photon reconstruction identification, calibration (vertex correction) are applied
beforehand
Inclusive/H+0jet H+1jet
1 PTY1>40 GeV, PTY2>25 GeV 1 PTy1>45 GeV, PTY2>25 GeV
2 P;,.>20 GeV, 1,,<5.0
2 Mass Window(+1.40) bl I
3 M,>350 GeV
4 Mass Window(+1.40)
H+2jets (VBF)
1 PTY1>50 GeV, PT72>25 GeV
2 Nyq® Ny2<0, P1;4>40 GeV, P1,,>20 GeV,Anj1j2>3.6
3 Photons in between tagging jets
4 M,,,»>500 GeV
5 Central jet veto (P;,>20 GeV |n|<3.2)
6 Mass window (11.40)
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Discriminating variables
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»M. et (left plot) is used in H+1jet analysis.
»An,4;o (middle plot) and M,,,, (right plot) are for H+2jets analysis.
» The cuts of those variables can be optimized with data.
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4 Results of Inclusive ,
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Cross-section (unit fb) with +1.4c after analyses cuts
ATLAS preliminary

B [ T e

25.4 0.97
929 1.95

M0 115 120 125 130 135

Slgnal

Background 49

»The analyses have various sensitivities.

»Inclusive analysis has well defined side-band.
»Robust in extrapolating background shapes.
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In addition: H+E;™ssand H+ 1 lepton from associated production

M,=120GeV
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Q1 a7E . O go7F e
007 — : i 3
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= 0.06 __ — = F =] _ -
E E ATLAS Irreducible |:|kg E - [] DE:— lf-TL.AS E Irreducible |:Ik'g _:
< 0.05 preliminary = E “F preliminary Reducibie big -
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0.02E = 0.02t" _ ) E
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® The signal for Higgstmissing E and Higgs+1 lepton is
mostly from ttH(—"YY) and W/ZH.

* Background mostly from W+Y(Y) , tt(bar)+Y(y) , Z+YY and Yy
® Reducible backgrounds (7y-jets, jets) are negligible.
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H+2jets H+1jet H+0jet
analysis analysis analysis

»Events passed inclusive cuts are divided into ( H+0jet,1jet,2jets) sub-channels:
»All events from the inclusive analysis are used, and each is used only once
» Take advantage of the different sensitivities from three individual sub-channels.
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Signal significances (from event counting) for an

ATLAS preliminary

Analysis
mpy |GeV] | Inclusive | H + ljet | H + 2jet | Combined
120 2.6 1.8 1.9 3.3
130 2.8 2.0 2.1 3.5
140 2.5 1.8 1.7 3.0

® The mass window is %1 40,

* Combined significance obtained as the sum in quadrature of
H+0jet (not inclusive), H+ 1jet, H+2jets.

® The combined significance is ~25% higher than the significance of

the inclusive analysis.
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Signal significance computation with maximum likelihood fit

Classification 1:

Fit variables: M, , Pr,,, cos(©,) (relatively low correlations).

three n categories for photons in order to group photons with

similar M., resolutions together.

Classification 2: classify three jet categories (H+0jet, H+1jet, H+2jets).

Combination of different classifications and discriminating variables is
obtained by doing a single simultaneous fit

45 T T J T
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2
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preliminary ATLAS
‘*FHT'F i +‘L$, .

;— signal
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Signal significances with mass scan

Q 88— ' ' | ' | -
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» The gain in significance obtained by doing a combined fit (including three fit

variables and different classifications) is ~40% with respect to the inclusive analysis

(for 10 fb-1).
»>For a fixed Higgs mass fit, the 50 discovery can be achieved with ~20 fb-".

> For the fit with Higgs mass floating, the 5o discovery can be expected with ~30 fb-.

©

0 The unknown location of the resonance reduces the expected sensitivity.
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Conclusions

The impact of detector performance on H—YY channel has been
studied:

e Qur current knowledge of the detector allows us to achieve the performance
required for this analysis.

o Extensive work is needed to understand the detector performance with early
data.

The inclusive study has been readdressed,
® The H+1jet, Ht+2jets have been studied,
* H+1lepton and H+E ™ are investigated.

The combined analysis for H+0jet, 1jet and 2jets has been proposed and
the improvement of significance is about 25% wrt the inclusive one.

Significance studies have been done using also maximum likelihood fit
with various event classifications and discriminating variables.

e Enhance the significance ~40% wrt the inclusive one.

* [tis possible to have 50 discovery with integrated luminosity 20-30 tb'!,
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Trigger for H—yy

Level 1:calorimeter which pass Region of
Interest (ROI) data to Level 2.

Level 2: refine the analysis of LVL1 across
different detectors.

Level 3: analysis data in the full detector
and do more complicated physics analysis.

The efficiency on H—yy normalized wrt

kinematic cuts.

Interaction rate

~1 GHz CALO MUON TRACKING |
Bunch crossing
rate 40 MHz
LEVEL 1 oaTies
TRIGGER
<75 (100} kHz
Derandomizers
i Readout drivers
Regions of Interest | | (| | | | (RODS)
LEVEL 2 Readout buffers
TRIGGER {ROBs)
~ 1 kHz

Event builder |

EVENT FILTER Full-e'.renL buffers
an
~ 100 Hz processor sub-farms
Data recording

Table 7: Efficiency for the 2g171i menu item to trigger on H — Yy events with mg = 120 GeV,

normalized with respect to the offline selections.

ATLAS preliminary

Trigger Level || 2g171 Trigger efficiency
L1 9640.3
L2 Calo 95+0.4
EF Calo 94+40.4




4 Summary

y e ey .
of MC’s and initial cross-sections for
different si g.. als and backgrounds
»Signal : the cross-section unit is pb.
» the branching ratio is corrected from HDecay (2x10-3 for M;=120GeV).
» All signal cross-sections are normalized to the NLO cross-sections
@ taking into account only QCD corrections.
(®)) :
) LT g Fusion VBF WH ZH tHH
o calculator HIGLU VVeH V2HV H2HV HQOQ
Generator (fullsim) MCONLO PYTHIA PYTHIA PYTHIA PYTHIA
LO NLO | LO | NLO LO NLO LO NLO LO | NLO
120 20.170 | 36.506 | 425 | 4.47 | 1.4140 | 1.7351 | 0.7517 | 0.9210 | 0.537 | 0.669
130 17491 | 31.V63 | 395 | 4.13 | L.0949 | 1.3463 | 0.5852 | 0.7185 | 0.42% | 0.534
140 15.314 | 27.858 [ 3.63 | 3.8]1 | 0.8600 | 1.0612 | 04617 | 0.5688 | 0,345 | 0.431
»ResBos and DIPHOX agreement better than 10%.
- » For ji: onouer/OpyTHia ~ 1.3 - .
c Process o calculator Cuts o (pb) Full simulation | Fast simulation
> # of events # of events
o - ; = - 1
= qq.qg — Yyx ResBos 80 < myy < 150 GeV 209 PYTHIA/ALPGEN ALPGEN
Y4 DIPHOX | pry >25 GeV,|n|<2.5 200000/1300000 1670000
% gg — vy ResBos 80 < Myy < 150 GeV 8.0 PYTHIA PYTHIA
0 pry > 25 GeV.|n| < 2.5 200000 850000
Yj JETPHOX Pry > 25 GeV 180-10° PYTHIA ALPGEN
3000000 36700000
JjJj NLOJET++ Pr > 25 GeV 477-10° PYTHIA ALPGEN
10000000 37000000

o
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Photon identification variables

Shower shape variabies and track isolations are used.
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Calibration with longitudinal weights A

Linearities and resolutions after applying the weights.
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VBF H—yy sub-channel

08
0.7
0.6

do/dM,, [fb/GeV]

05
04
0.3
0.2
0.1

i 92 Jet
il
Wiz 9=~

% % Jet
Mn “Tyz <0
ANy =35+4
M, =500 +=T700GeV
C.JV.

Central Jet Veteo

Tagging Jets

\

/

II|I\\I|II\\II
-Signal
E Irreducible bkg
Reducible bkg

i

@ 110 115 120 125 130 135 140

145 150
M,, [GeV]

Higgz Decay Products

Good S/B. High statistical fluctuation expected at low luminosity

One pseduo-experiment with30fb-!
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Reweighing ALPGEN/PYTHIA w.r.t RESBOS for Born/Box processes

< £ I ) T
o - 5
Q 1E ---=- ALPGEN:y1+0,1.2,3jet — 02 PYTHIA N
-g_ E. ALPGEN:yr+0jet exclusive 3 K]
2 i - ALPGEN:y+1jet exclusive s ---- RESBOS
= 1= , [E==] ALPGEN:yy+2jet exclusive | <
n_'_ 10 o, [[TTI] ALPGEN:yy+3jet inclusive E 102 = =
o B i, e RESBOS
8 1025 = A kS B
g : P 3 107 ¢ ten, E
= o ; C R ]
10 8 \ HEAT E = 108 E LTI . E
E N = : E}: F s ]
e \ B O
E = 10° ¥
= H oo e ey H
= 0 50 100 150 200 250
0 50 100 150 200 250 P, [GeV]
PTw [GeV]

»MC’s ALPGEN (Born) (upper left plot) and PYTHIA (box) (upper right plot) has LO
cross-section.

»RESBOS has NLO and re-summation calculation, however in parton level.
»Solution: Reweighing alpgen/pythia P+, them w.rt RESBOS .

» M., distributions are reasonable consistent after reweighing (bottom plots).

— ALPGENyy+0,1,23jet |

—PYTHIA
-~ RESBOS

Arbitary Units
Arbitary Units

weee RESBOS

102

Cov T R PRI B R RAI BER SRR R e L e e b b e L L1
@ 80 90 100 110 120 130 1|\10 G \1/]50 80 90 100 110 120 130 140 G 150
., [Ge M,, [Ge
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/" Correlation study between kinematic variables and Myy N
for background
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4 N

maximum likelihood fit for signal significance computation

Neas N¢
Hikelinood: L =TTe™ [T fiowith: £°(u, p°) = uNS 5 (p°)+ N; fi5(p°)
c=1 i=1

Where: u corresponds to the hypothesis (u=1 standard model)
N, presents the signal events in classification c.

f;( |O°) is the signal PDF in classification c.
fs (P) is the background PDF in classification c.
N,¢ presents the background events in classification c.

Ne=N. + N,°
Technically, NLL(p,p) = -log(L(p,p)) is used in the fit.

Test some hypothesis : ANLL(u) = NLL(j)-NLL( ﬁ)
( e.g. hypothesis u=0 for discovery, u=1 for exclusion)
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° Compute NLL distributions from Toy Monte Carlo:
Randomly generate a pseud(kexperimental outcome.

Perform fits (RooFit) with SrB hypothesis with Y free NLL(f7) and BG (Backoround-only) h othesis,
compute AN L(p=6) P H W) ( 5 y) hyp

Repeat many times to get a probability distribution

o Compute two probability distributions:
for outcomes with signal (“S+B toy MC”, 4=1) and
For outcomes without signal (“BG-only toy MC”)

Compute CLj from plots ANLL(BG-only to
(integrating from the median of S+B toy MX:

BG hyp. fit BG dnly’

fProcedure to compute the significance with maximum likelihood fi

MC) and ANLL(S+B toy MC) and convert it into significance
whiling computing CLy) as right plot shows.
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Signal systematics

SOUrCe Relative effect( %) SO _hfﬁ.mﬁflﬁ ; .H+I'jﬂ ; ; -H+é.f}'f.’t.‘s ;
Taminosity 3 gg Fusion | VEBE gg Fusion VB zg Fusion VB
1D off 0.2 lnminosity 3 3 3 3 3 3
. If-, T—— 20 ~ 1D eff. +/-03 | +/-04 +/-0.3 +/-0.4 +,/-2.3 +/-0.4
. rl~nr.~1'§_{1; —— 0E 7 fake rate -I—;:-[].l +.I:-[].[] +..f'-l.l.l.[] +.I'-I.I.I.[] -I—.s:'-l..l.S -I—;'-I.I.I.l
~ resolution 0E v oenergy scale +/-0.2 | 4702 4068/-05 | +0.5/-0.7 +/-0.0 +0.3/-0.2
jot eneray scale = 7 resolution +/-01 | +/-0.0 + /-0.0 + /-0.0 +/-0.0 +/-0.1
jet resclution T5%/(E) + T% (when [g| = 3.2) 'jro SLSTEY h._[hrﬂn 3:"{:1 '\E"f:ﬁ +D'D."L12'S +3 '%'I._G'l +18';‘f—33” +-L'E.l"fl_5'?
110% /TE) + 10% (when |n| = 3.2) jet resolution | N/A | N/A /0.2 /01 +/-23 0.8

total 3.0 3.0 +10.3/-13.1 | +6.3/-6.9 | +15.0/-23.5 | +5.8/-0.2

Table 6.1: Estimated scale of signal systematics.

Table 9: Summary of the relative systematic uncertainties on the yy and y; processes.

Table 6.2: The impact (%) of signal systematics on the signal eflicieney.

Potential sources

184

Y7

Scale dependence

5%

22%

Fragmentation

6%

2%

PDF

10%

7%

Total

18%

23%

vy and yj systematic uncertainties




