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e Standard Model Higgs production and decay at
Tevatron

— Low mass searches
* Motivation for H—1tt searches
* Analysis strategies for CDF and D@ experiments
* Results: CDF 2.3 fb? D@ 4.9 fb!

* Conclusions
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Higgs production and decay at Tevatron

Branching Ratio
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Principal decay modes:
v,z H—>bb for M;<135 GeV/c?
H —> WW* for M >135 GeV/c?
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Low Mas

s Higgs

Low mass Higgs (M, < 135 GeV%Ei;V]
1) gg—H—bb

2) WH —lvbb,zH —llbb, ZH —vvbb

searches at Tevatron

Branching Ratio

1

0.1
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Higgs Mass (GeV/c)

Very hard: overwhelmed by
multijet background

good event selection handles:
lepton and b-quark tagging

[3) H—o1t

Low branching fraction but I
more uni '
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H— 1t searches: motivation

H—tt branching ratio is small(<10%)

BUT
E)Different channels can be studied simultaneously
2)Direct production and VBF become accessible
3)Hadronic W/Z decays in the associated production can be included

Z BOSON ASSOCIATED PRODUCTION W BOSON ASSOCIATED PRODUCTION
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H— 1t searches: motivation

H—tt branching ratio is small(<10%)

BUT
E)Different channels can be studied simultaneously
2)Direct production and VBF become accessible
3)Hadronic W/Z decays in the associated production can be included

" (o ™
Signature search:

* 2 taus

*=1jets Y,

Z BOSON ASSOCIATED PRODUCTION W BOSON ASSOCIATED PRODUCTION
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What about tau leptons?

e Heavy particles: 1.78 GeV/c?
* Short lived: mean lifetime 291 ps (ct=87 um) mmmm) Detectable

 Decay modes:
(-1—>v_v.e(B.R~17%) )
- TV, V U (B.R.~17%)

-V X, (B.R.765%)
\§

—
J

e Di-tau decay combinations:

— Hadronic+hadronic: 42 % large multijet backgroun

only through their
decay products

Look for isolated electrons or muons

Hadronic decays:
1-prongs t* —> v_+h* + N(m0)

3-prongs t* > v_+h* h* h* + N(n)
3% 3%

— Leptonic+hadronic: 46 % golden channel

— ee/uu: 6 % large irreducible Drell-Yan background
— ep/pe: 6% clean signature but less events

23%

23% T, T,
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Hadronic tau identification

Very challenging task R

The signature: narrow calorimeter clusters with low

track multiplicities
quark/gluon jets can easily lead to fakes
Reconstruction: - very difficult due to undetected neutrinos
- Cluster tau decay hadrons in cones
Identification (ID):
- based on calorimeter and track isolation
requirements
- Multivariate selections are better than
rectangular cuts to exploit correlations and
provide a good t-jet separation:
[DO: Neural Networks (NN) ]
CDF: Boosted Decision Trees (BDTs)
- best performances achieved by
considering different tau decay modes separately
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Hadronic tau identification

Type 1 (xv-like):

P AN TRK + CAL

T ~~
-
Type 2 (pv-like): s e =
€=~ p—\ —'

Type 3 (3-prong): -

D@: Neural Network ID
Tau categories:

-1 prong (1% > v_+ %)

-1 prong + neutrals (t* = v_ + t* +(N)n%s
-3 prongs (t* = v_+ 3nt* +(N)nt%s)

JT
TS R wide CAL
cluster

Jet Background:
0

JT
q T = 1 TRK + wide
o CAL cluster +
7T EM sub cluster

T
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Hadronic tau identification

Type 1 (xv-like): .
Rl TRK + CAL
= S

V.

T

Type 2 (pv-like): P e =
. -:."—___H (3 \

~

Ve

"'"-\..‘T
Sl TRK + CAL

\— =1
[l 1

. CDF: Boosted Decision Tree ID
T S gy l wide CAL Tau categories:
cluster -1 prong (t* = v_+ 1% +(N)n%s)
-3 prongs (t* = v_+ 3nt* +(N)nt%s)
Jet Background: .
7© Different energy subsamples
q " = 1 TRK + wide .
% JC CAL cluster + trained separately

L EM sub cluster

Type 3 (3-prong): -
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Strategies for the analysis 1

SIGNATURE SEARCH: similar approaches for CDF and D@

- looking for leptonic+hadronic di-tau decay modes.

- jets in the final state optimize sensitivity for qgH—qqtt, WH —qqtt
and ZH—qqrt. gg — H events with jets from initial state radiation

(ISR) are also included

S L~
One isolated lepton (e/1)
One hadronic tau
Opposite charges
>1calorimeter jet:

- E; > 20 GeV
- pseudorapidity: |n|< 2.5

p; > 10 GeV/c
Prvis > 15 GeV/c

One isolated muon p; > 15 GeV/c
One 1(3)-prong had. tau  pq,s>15(20) GeV/c
Opposite charges
>2calorimeter jets:
-E; > 20 GeV
- pseudorapidity: |n|< 3.4

Pierluigi Totaro
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Strategies for the analysis 2

BACKGROUND ESTIMATION

 IRREDUCIBLE PHYSICS CONTRIBUTIONS )
Z—1t, top-antitop, dibosons : from MC
BACKGROUND FROM MISIDENTIFIED LEPTONS

\W+jets, v+ jet,multijet: based on MC and data driven techniques y

THE CHALLENGE: evaluate jet—t fake rate.
To estimate multijet bkg, both CDF and D@ use same-sign (SS) data:

q 9 jet—>e/n Little or no correlation is »J_l
jet—>1 expected between charges
. SS OS
9 From high-isolation sidebands control regions:

- - Normalization factors for SS ~ 1 D>
q 9 . . :
- Corrections for W+jets OS/SS asymmetries *
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0-jet control region: background testing

Dilepton invariant mass

distribution in 3 control regions

CDF Runl Pre|
600 HRCD.control re

400

200

Events

Events

CDF Run Il Preliminary

-Z— 11 control region, O-jet

60

CDF Run Il Preliminary

[ Ldt=2.3f"

L W-ets control region, 0-jet °

* DATA

80

Wz-un

- fakes from SS data
- add-on-W+jets

- top

|:| diboson

100
Mlem[eewc?]

150
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/—>71T1 control region: tau ID testing

CDF Run Il Preliminary '. Ldt=231" CDF Run Il Preliminary [ Ldt=231f"
4] . . PR 1] . f J
"E 2000 71_4/ TT-controt region; U-et < DATA "E | Z—> 1T control region, 0']91 « DATA
g L -Z—)TT g i -Z_y[I
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% ] 6 Bo o5 10 15 20
Ntiracks in T cone T SumPt (10-30) [GeV/c]
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. . E . . J
= :Z% 11 control region, 0-jet . DATA = |Z— 11 control region, 0-jet . DATA
g L -Z—)TT g r -Z_r”
I 200} | 77588 " 600 :
L | | Bz | Wz-un
B | 1 [ fakes from SS data | -fakes from SS data
150 L [ add-on Wejets | [ add-on Wejets
- [ top [ top
i [ dibosor 400 Ej diboson
100f !
i 200
50~ -
% 40 60 80 100 % 1 2 3
1 CalEt [GeV] 1 Visible Mass [GeV/c?]
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Signal channel: > 2 jets

D I _ 1 =
40 * data I
E YA
35¢ = i
__ w+|els
305 B z+jets

Entries

[ Diboson
==: Signal x

202_ Data | ¥ Bknd | t# [Wjets Z+jets |diboson [multijet
156 >2 jets | 433 439.9 | 66.7 81.5 222.7 10.2 80.7
10

5_

w70  Main background contributions:

200 300 400 500

. DO Preliminary, L=3a i’ - [>T
_u=:452_ ® data . H M- H
i T =‘{n§ -jet—1 fakes in multijet and W+jets

35 + -Evtwjjets

o + — o

ook o Process |ZH HZ HW VBF GGF

156 Event yield|[0.11 0.23 0.72 0.12 0.15

10

. - Signal yield: 1.33

0 20 40 60 80 100 120 140

Leading jet p, (GeV) - Included also Z(—1t)H(—qQq)

VBF: Higgs from Vector Boson Fusion
GGH: Higgs from Gluon-Gluon Fusion
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Signal channels: 1 jet & > 2 jets

CDF Run Il Preliminary f Lat=2.31" ,ZaRIN
| /

-2' L1 jet signal channel . DATA
g B Mz —t
L 200¢( Ziyisee
- =fo:’ _f)“uSSd t
150} .1 =:]";"” Weists Data | X Bknd | £ | 17— TT I Z— Il diboson (jet—> T fakesq
i ; [ diboson 1 jet 965 921.7 4.6 357.9 26.4 3.9 528.8
100: >2 jets | 166 159.4 16.3 59.3 4.8 0.9 78.1
501 . . .
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% 300 - 71T
Ht [GeV] . . .. .
oo ot peotimiry [ Latop s -jet—1 fakes in multijet and W+jets
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i e
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ool L - >2 jets: 0.477

60 80
1st Jet Et [GeV]
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Systematic uncertainties

This search relies on a good jet multiplicity modeling.

Main source of systematics for MC-derived processes:
Jet Energy Scale (JES)

Other sources of uncertainty taken into account are:

* Cross section and MC acceptances

e Parton Distribution Function (PDF) modeling
 WH+JETS and QCD multijet modeling
 Initial State Radiation (ISR)

* Final State Radiation (FSR)

* Tau ID scale factors
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Signal vs. Background discrimination

 Good agreement in almost all kinematic distributions
* Expected signal is much smaller than background uncertainties
« S/Bissmall — counting experiment is not possible.

* | Need to exploit all the event information to extract S from B
Multivariate techniques combine the discriminating power of
different kinematical and topological distributions

[ TMVA Input Variable: DPhiiMet |
g : E E 3 | TMV A overtraining check for classifier: BDT | TMVA
g _§ E HT T Signaiftestsample) T " [ [+ Signal{trainind sample) = 3
EE = 4 i =
el w E@ Background (test sample) « Background (training sample) -
_é g M U LTIVARIATE g 35 ;Kolm rov-Smimov test: signal (background) probabliity = 0.0298 (0.541) _:
1= = F
] af -
3 ALGORITHM X
I

TMVA Input Varlable: JelEt2 |

, 0.6T%

[
o
tn

prv vt v lerprber e brprpdreng
Wio-low (S,B): (0.0, 0.0)%/ (0.0, 0.0)%

B -04 D2 -0 D.2 D4 0.6 D8
BDT response

T P A rm
WO-Bow (5,8 (0.0, 100,

Massi2
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Multivariate discriminants

D@ Preliminary, L=3.9 fb'
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BDT(signal vs. MultiJet), G IR 557
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BDT(signal vs. top) Final discriminant: BDT(signal vs. Z—1t)
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Multivariate discriminants

CDF Run Il Preliminary [ Ldt=231b" CDF Run Il Preliminary Ldt=231b" CDF Run Il Preliminary [ Ldt=231b"
4] 0 J w0 < w0 0 J
£ [M,=120 GeV/c? . DATA £ 60 =120 GeVic N E go[Me120 GeVe? * DATA
g > 2 jets channel Wz g > 2 jets channel Wz g |> 2 jets channgl Wz
o - Z-—see o | Z-—see [h - : Z-—see
Mz-pn Mz-pp I Mz-np
40 - fakes from SS data r - fakes from SS data B - fakes from SS data
| [ add-on Wa+jets | [ acc-on W+jets 30 T [ add-on W+jets
M top 40 top | top
- |:| diboson r |:| diboson - |:| diboson
[Jsignal X 100 | [signal X 100 L [signal X 100
- 201
20F | [
I 20 e i
I I 1or
g 05 00 05 1.0 10 05 00 05 1.0 ) . 0.0 05 1.0
BDT output (Z—71 vs Higgs) / BDT output (QCD vs Higgs) BDT output (top vs Higgs)
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> 2 jets chrnnel

* DATA

-Z—rn

Zisee
BE Wz-pp

Suemees -Final discriminant:

} [ add-on W4jets

events

30

top

ol oo minimum output among
BDT(signal vs. Z—11),
o | BDT(signal vs. multijet)
BDT(signal vs. top)

BDT output {minimum score)
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Results: 95% C.L. upper limit

CDF Run |l Preliminary rL dt=23fb" D@ Preliminary, L=4.9 fb1
B T wf H —

g e Expected H 2
TG

i t2ag
— Observed

y

(=]
3

i

m— (Observed Limit
------ Expected Limit
Standard Model

-
o
III|

Limit / o(SM Higgs with tT)
T T T T T

10

B 1=
‘Standard Model -

6(95% C.L. Limit)/c(SM) * BR(H — 1 1)

100 105 110 115 120 125 130 135 140 145 150
m(GeVIc)

140
M, (GeV/c?)

Mass ranges explored: Mass ranges explored:
100 — 150 GeV/c? 105 — 145 GeV/c?

CDF Expected limits x SM: 23.4 — 82.6 | | D@ Expected limits x SM: 13.4 — 61.4
CDF Observed limits x SM: 25.3 —70.0 | | D@ Observed limits x SM: 21.9 — 86.0
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* Latest results for SM H—1t search at Tevatron presented
- complementary channel for the low mass region

CDF: 2.3 fblexp.(obs.) limit @ M, = 115 GeV/c?  24.5(27.9) x SM
D@: 4.9 fblexp.(obs.) limit @ M, = 115 GeV/c?  15.9(27.0) x SM

* Many improvements beyond luminosity scaling

- new tau identification algorithms
- increased acceptances
- more sophisticated multivariate method

* Now working to add more data and get further improvements!
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BACK-UP SLIDES
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The Tevatron

*1 Km radius superconducting sincrotron
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CDF and D@ detectors

Central EM
Calorimeter

Solenoid

Central Muon

Central Hadron
Calorimeter

Forward Muon

Endplug EM
Calorimeter

Tracking Chamber

Silicon Detector

- Silicon Tracking |n|<2-2.5

- Drift cell Tracker 1.4 T, |n|<1.1
- Scintillator Cal. |n|<3.2

- Muons: |n|<1.5

- Silicon tracking |n|<3

- Fiber tracker 1.9 T, |n|<1.7
- LAr/DU calor. |n|<4

- Muons: |n|<2

in=0
]
Muon Scintillators |

R S <N S Y (N [ NPT (JNNN ) NN JB [N NN NN | |

—10 -5 L] 5
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The Boosted Decision Tree method

A DECISION TREE: a sequence of rooted

binary splits
@3_@ Ingredients : 1) a training sample for
| }\ signal and background
xi > cl] 411\ 2) a set of discriminating
e “\,l variables
A\ % At the end of a splitting, leaves are
(xi>c2 [x<c2 W>as x<a  Classified as signal-like (event score +1) or
‘ >__\ /__;{\ }_\ background-like (event score -1),
o g | | |; | accordingly to the purity.
N \K’ _
xk > cd] [xk < c4 BOOSTING: N trees are created. Events
./’\LW. misclassified in the N-th tree, are given an
o <) increased weight in the (N+1)th tree.

An event final score is given by the
weighted average of different tree outputs

Pierluigi Totaro PHENO 2010 Symposium, May 10t 2010



D@: systematic uncertainties

Uncertainty (%) w

Pierluigi Totaro

Source

Luminosity 6.1

p 1D, track match, iso. 5.0

trigger 2.0

W/Z+light Havor XS 6.0

W/Z +heavy flavor XS 20.0

tt, single top X5 10.0

diboson XS 7.0

Higgs boson X5 6.0

T ID NN 8.9

Jet 1D /reco eff. 3.0

Jet. F resolution. 5.0

JES 7.5

jet pr 10.0
pdfweight Shape (currently 3.0)

M.J estimation 17
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CDF: systematic uncertainties for background

Systematic uncertainties for the background (%)

Source Z]— tt  diboson fakes from SS W-jets

JES (0 jet) -0.6 -19.0 -0.9
(1 jet) +6.2 7.7 +7.1
(=2 jets)  +142  +32  +11.7

Cross section +2.2 4100  +6.0

PDF +1.0  +1.0 +1.0

SS data

Wjets scale (0 jet) +5.0
(1 jet) +18.0
(>2 jets) +30.0

Acc.(DY) +2.3

tau ID SF:

Nobs +28 428 +2.8

NsSdata -3.3 -3.3 -3.3

M tjets -0.3 -0.3 -0.3

cross section(DY) 2.1 -2.1 2.1

Acc.(DY) -2.2 -2.2 -2.2
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CDF: systematic uncertainties for signal

Systematic uncertainties for the signal
1 jet and >2 jet channels
Source eceH WH Z7ZH  VBF

JES (1 jet) +5.1 -48 -53 -3.7
(=2 jets) +13.2 54 +48 -52
cross section (1 jet) +23.5 +5.0 +5.0 +10.0
(=2 jets) 467.5 450 +5.0 +10.0
PDF +4.9 +1.2 409 422
ISR L jet) +13.0 -6.1 -1.7 -29

( .
(>2jets) +155 -15 +0.1 -2.7
FSR (1 jet) 50 443 +1.0 +1.7
(>2ets)  -52 21 +04 -1.1

tau ID SF:

Nobs +2.8 428 428 428
Nssdata 3.3 33 33 -33
N +jets 03 -03 -03 -0.3
cross section(DY) 21 21 -21 21
Acc.(DY) 220 22 220 22
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