Improving the Trigger

Acceptance for the WH—Ilvbb
Analysis at the CDF Experiment
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* Higgs boson was proposed to explain how spontaneous
symmetry breaking takes place.
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After years of efforts, large mass regions have been excluded.
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PRODUCTION WITH W

b
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5% At Tevatron, WH->lvbb i1s the most sensitive channel for

IOW IMass nggs bOSOD search.

Al

s In this analysis, Higgs boson will decay into bb, and W
will decay into an electron or muon and its associated
neutrino.

Al

s Thus, we are looking for a lepton, two b jets and a large

missing transverse energy (MET).
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Since 1983, and ended on Sep 30th, 2011

Circumference: 4 mile

Center of mass energy: 1.96 TeV
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@uon Detector

S

3¢ From 1nside to outside

1.Silicon Detector

2. Tracker

3.Calorimeter

4. Muon Detector
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MUON DETECTOR IN CDF
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CMU: Central MUon chamber
CMP: Central Muon uPgrade
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[ L3 Triggered Events j

[ e ] [ MET trigger ]
st At CDE there are 1.7 million [CMUPJ [ - ] @45j [METDIJ
collisions per second. [ CMP j[ CEM j [METQJJ[ ......... j

s After applying three level trigger, [ """ )

200 events per second will be
recorded on disk.

¢ None of the trigger 1s 100%
ethicient, we need to use a set

of triggers for higher efficiency.

S

s For WH, we can trigger on either

a good lepton or large MET
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PPREVIOUS TRIGGER STRATEG
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11 Summer

septon:Type Selection
CEM 96095
CMUP 37873
CcCMU 4934
CMP 5586
ISOTRK 18962

7

lepton trigger MET trigger
\_

4

(CMUP] [CEMJ ris) (Eror
o)
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Lepton Type ;;Z(L:Jtr:;r:er Lepton Trigger
CEM 96095 100586
cMuUP 37873 42661
cMuU 4934 4859
CmMP 5586 5986
ISOTRK 18962 21532

[lepton triggerj MET trigger

4

[CMUPJ [ CEM] MET45 | | METDI
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Lepton Type ;;Z(L:Jtr:;r:er Lepton Trigger MET Trigger
CEM 96095 100586 61024
CMUP 37873 42661 21855
CMU 4934 4859 5831
CMP 5586 5986 6581
ISOTRK 18962 21532 23356

lepton trigger l MET trigger l

CMUP CEM MET45 [METDI]

o | o ) (DG
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Lepton Type ;ilzrtr:;r:er Lepton Trigger MET Trigger Overlapping

CEM 96095 100586 61024 60865
CMUP 37873 42661 21855 21745
CMU 4934 4859 5831 2651
CMP 5586 5986 6581 3199
ISOTRK 18962 21532 23356 8630

* Almost all CMUP and CEM leptons selected by MET trigger are also selected by lepton
trigger. We will just use lepton trigger to select these two lepton categories.

¥ For CMU CMP and ISOTRK, we will use both lepton trigger and MET trigger, and
remove the overlapping events triggered by both trigger types.
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Lepton Type ;glzrtrir:)r:er Lepton Trigger MET Trigger Overlapping Achieved Gain Percentage
CEM 96095 100586 61024 60865 4491 4.67%
CMUP 37873 42661 21855 21745 4788 12.64%
cmMuU 4934 4859 5831 2651 2208 44.75%
CmP 5586 5986 6581 3199 2787 49.89%
ISOTRK 18962 21532 23356 8630 12902 68.04%
Total 163450 175624 118647 97090 27176 16.63%

* With all the improvements on these lepton selection, we will have about 16% more

events.

% That is equivalent to 6 months more Tevatron running.
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s Since the trigger ethciency for CMU, CMP and ISOTRK

depends on several variables, it 1s dithcult to fit the trigger
etficiency with simple functions.

s Neural network(NIN) can be used to model the trigger
ethiciency:.

Al

% Since durlng 1terat10n, the NN algorithm 1s trying to
minimizing X7 the output of NN calculation 1s the trigger
ethciency of the selected trigger.
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TRIGGER EFFICIENCY UNRERSITY
CALCULATION

Al

% The input variable for NN training are lepEta, lepPhi, lepPt

and zVtx.

NN output fired

Entries 14736
0.4 Mean  0.4106
B RMS 0.04734

0.35

Al

s¢ Blue line shows the events

0.3

0.25

did not fire trigger. red line

"t shows the events fired the

0.15

trigger.

0.1

0.05F

o:l | TR A el Ly g b g Laaa by g g 1y
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NN output for CMU trigger efhiciency calculation
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10° WH—> Ivbb. All channels combined
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® | —— Observed Limit S St w
E [ Expected Limit S O ¢ A modest(~20) broad excess for
: i Pseudo-Exper. + 1o R 2 1 ; y
3 Pseudo-Exper. = 2 o signal-like events 1s observed in
102 ::::E::::::::::E::::::::::';:::::::::';:::::::::i:::::::::i::::::::::::::::
fo?; e e e SRRt S S S the data‘

% We set upper expected limit on
the Higgs boson production
cross section times the bb
branching ratio at 115 GeV 1s
less than 1.97 x SM.
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CDF Run II Preliminary

: e L L [WH STV b T projection (m_= 115 Gev/e) |
¢ For all lepton Categ()rles, we % 1.0b™ (Summer 2006)
0 . . 1.7fb™" (Summer 2007)
got 11% more data, the gain i 2766 (Summer 2008)
A = 4.3fb™" (Summer 2009)

5.7fb™" (Summer 2010)
7.5fb” (Summer 2011)

terms of sensitivity i1s about

111l

0 9.4fb™" (Winter 2012)
4 /O : i 1.7fb™" + 50% ~125% improvement
S A\ N N e e e
G £ ) T NN R T R T T s
% Along with other o SRR NN N s s e S S =
improvements, we surpassed a" R S S i N
=] IS SO N M~y

our goal in analysis

improvements set 5 years ago. .
Standard Model:
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