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Motivation

o x Br [pb]
)

The channels involving tau decays of Higgs or 16
W/Z have about half the XS *BR as the
W(Iv)H(bb) or Z(vv)H(bb). 10°

NNLO, one lepton flavour
—— qq— WH — Ivbb
——gq—ZH — llbb
——qq—ZH — vvbb

Simultaneous search for VH/Vector Boson — 'CE—s=f-wwopmy N S
. . 100 120 140 160 180 200
Fusion (VBF) signals

First Search for SM Higgs in tau final
states at Tevatron

Sensitive at low mass
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T |denT|f|caT|on DO & CDF

Hadronic tau decay

Z— 71T Cross Section

- background -o OS-bckg
= Z—11 MC = Z—=11 MC

CDF measured in Te Th channel T s o )[GV] e
e*BR = 265 +20 (stat) +21 (syst) o e

DO Tu The

e*BR = 237 +15 (stat) +18 (syst)

¥ TRK + CAL

Typel/'

_.*T noTRK,
but EM
sub-cluster

~
\‘Y

+
= TRK + CAL

CDF: Start with a calorimeter tower, ET > 6 GeV.
Add up to 6 contiguous towers with ET > 1 GeV.

at least one track with pT > 6 GeV. seed track —.._
Tau cone defined by seed track,

half angle, 6sig = 50 - 175 mrad,

depends on cluster energy.

Isolation annulus

1 or 3 tracks, charge = 1, in Bsig !
Reconstruct m0's. not associated
Require M(tracks,m0's) < 1.8 GeV with tau candidate

Associate tracks with the calorimeter cluster, must have_signal

— isolation

>1TRK +
wide CAL
cluster

Tt- wide CAL
o ,_--+ = cluster +
q --.—5__’_:— 70 ‘ EM sub-
TT— F cluster

T[O

Jet-Background \L >1TRK +

DO: Start with calorimeter cluster, simple cone
algorithm, cone size R = 0.3. Isolation cone, R = 0.5, require rms < 0.25

where rms = Energy weighted width of cluster = Associate EM subclusters:

Nearest neighbour algorithm in 3rd EM layer,

EM cells in other layers
Associate up to 3 tracks with pT > |.5 GeV to the tau

DPF 2009

S. CHAKRABARTI Higgs Search with T leptons
4




WH/ZH-1vbb @ DO toss o+

W-=1v H—=bb

T

D2 Runll Prolminary 0.54 ™'
Data
Wijots

B 0o mute

D@ Runil Prolminary 0.94 "
= Data

Wejots
B oco o
T B

Othar SM backgrounds Othar SM backgrounds
— HA{WIZ) x 100 L e H4{W/Z) X 100

TaupT

Event Selection m T
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LI DL
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Z—¥1 H—bb
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LI

Common signature Tvjj

§
LT LI

§
LI

20 40 60 80 100 120 140 160 180 200
Transverse W Maszss (GsV)

High pT jet MET trigger

D@ Runll Prolminary 0.94 b
Data

Wejots
B CcO mutter
-

Othar $M backgrounds
w— H{W L) x 100

At least one hadronic tau candidate pT>12 GeV

Entries per 8 GeV
l§l LIl

§
T LI

At least two b tagged jets pT>20 GeV and |n|>2.5

§
L

jet pT
ﬂJeP

B
[ T
% "20 a0 60 8 100 120 140 160 180 200

e, ! veto Leading Jet Pt (GeV)

MET >40 GeV

Preselection event yield before and after B tagging for final selection

Sample| HW HZ | W +jets Z+jets top 4% multijet | Total Observed
before 0.534 0.042 1430 30.8 46.7 54.9 158.3 1720 £ 21 1 666
after 0.192 0.015 11.31 0.41 9.53 0.72 1.54 235+ 1.05 13
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Event Selection Tvbb @ DO

Kinematic variables MET
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Dijet invariant mass before and after B tagging
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VH/VBE—711jj@DQ -tz fo-

W(= qq’) H(= T+1-)
Z(— qq) H(— 1+1-)
H(— bb) Z(— 1+71-)
VBF gHq'— q' 1+7-q
gg = H = 1+1-+2 2 jets

Event Selection

Only one isolated muon

One hadronic tau candidate pT>15 GeV

At least two jets pT>20 GeV and |n|>2.5

Opposite sign mu-tau pair requirement

Electron veto

No B tagging
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* data
vy
T
I w+HFjets— Iv HFjets
[ w+LFjets— Iv LFjets
[ ] z+HFjets— Il HFjets
I z+LFjets— Il LFjets
[ ] DiBoson

""""" Signal zh—»tt bb*300
Signal hz—1t gg§*300

""""" Signal hw—tt gq™300
gluon-gluon fusion *300

vector boson fusion *300




TTjj Preselection @DO

mu-tau inv. mass i
o [ YN
| I
I w+HFjets— v HFjets
I w+LFjets— Iv LFjets
[ | z+HFjets— Il HFjets
I z+LFjets— Il LFjets
[ ] DiBoson
""""" Signal zh—>tt bb*300
Signal hz—tt qg*300
""""" Signal hw—tt gg™*300
gluon-gluon fusion *300
vector boson fusion *300

Variables used for NN tfraining

Good data montecarlo agreement

N
o

CIumes

S

LN L LI rrrryrriri mn

—
o

—
o

o

missing ET (GeV)
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NNs for 17jj selection @DO

32 NNs for four signals to four bkgd NN output in two mass regions
5-7 variables used for each NN total 17 for all

Final selection cut on average on maxNN of ttbar,wjets and MJ NNs
Look at the average NN of zjets as final variable

NN for WH signal vs t1, wjets, multijet background.

Representative plots ttbar against wh wijets against wh mj against wh

\ / \

gy

- . ol ' .- N W
0.8 1 12 0.2 0 02 04 06 08 1 1.2 0
o data

o8 88283388

NN output for ZH,HZ WH $gnal vs zjets background

2 F =::JHF‘ v HF}

§100 - = x:LFjl:ttss: h:, LFjj:tis

w - ] z+HFjets— Il HFjets
[ |

I z+LFjets— Il LFjets
[ DiBoson

Signal zh—tt bb*300
.......... Signal hz—tt g§*300

""""" Signal hw—tt qq™*300
gluon-gluon fusion *300

vector boson fusion *300

1 " 1

a2 02 04 06 08 1 12 €2 0 02 04 06 08 1 12 22 0 a2 a4
zjets not well discriminated NN because similar topology with signal NN
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Event Yield Tvbb/TT1ij@DO

L:], fb-l 7v analysis 77 analysis
Source Preselection Final Preselection Final

After preselection W+lp 1124+18 05+00 37.7+21 5103
W+hf 3082+48 109+03 82+05 0901

, o o . Z+lp  491%15 <02 78409 43806
Final distribution for limit setting z+n  78x05 04200 15710 10107
(i 46704 9501 30803 2800

, , Diboson 549 *1.1 0700 61%05 2102
Major systematics Multijet 1226 +112 13+0.1 57.2+81 6528
Sum 171422 233%04 2349 712230

Tau ES 4.5% Lumi 6.1% QCD Daa 1666 13 220 8

HZ 0.038 0.029

15%Cross sec 10% JES 7.5% WH 0.543 0.145 0.106

ZH 0.023 0.094 0.069
VBF 0.071 0.059
GGF 0.041 0.030
Sum 0.566 0.389 0.293

:

DO 1 fbb' 4 Data () DO 1 fb’
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VH/VBF—’TT] '| @ CDF -2

W(= qq") H(—= 1+7-) 9
Z(— qq) H(= T1+1-)
VBF qHq' — q' 1+7-q

q
gg = H = 1+7-% 2jets

Event Selection

Exact 1 Lepton: Central (|n| < ~1.0) isolated electron or muon with P+ > 10 GeV

Exact 1 Hadronic Tau: Central hadronic T (|n| < 1.0, 1 or 3 track in signal cone)
with visible Pt > 15 GeV

OS requirement: Lepton and Hadronic 1 candidates have to be opposite sign
At least 2 Jets: Et > 15 GeV and |n| < 2.5

Z boson veto (for Z—ee/up)
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e Signal Yield

Event Yield @ CDF

Q-fb_l 1\11{:110

Mgy=115

I\'IH =120

M ;=130

I\'IH =140

WH
ZH
VBF

0.25(1.5%)
0.16(1.5%)
0.14(1.4%)
0.28(0.18%)

0.21(1.5%)
0.14(1.6%)
0.13(1.4%)
0.28(0.21%)

0.18(1.6%)

0.11(1.6%)
0.12(1.5%)
0.26(0.24%)

0.11(1.7%)
0.07(1.8%)
0.09(1.6%)
0.18(0.26% )

(
0.04(1
(

0.06(1.8%)

9%)
0.05(1.7%)
0.11(0.3%)

Total | 0.834+0.01

0.7640.01

0.67x0.01

0.45£0.004

0.2640.002

e Background Yield

Source Model

e/t + T+ Ojet

e/ i+ T+ 1jet

e/ + T+ >2jet

Grand Total

L— TT4jets
L— ll4+jets

tt PYTHIA
Diboson PTYHIA

jet — Thad SS data
Add-on W + jets

ALPGEN
ALPGEN

ALPGEN

2746.84+260.7
216.9+23.0
0.10+0.02
21.943.0
3269+57.2
414.9+61.7

465.14+108.3
48.347.8
22404
7.6+1.1
8764+29.6
99.64-14.9

99.14+25.9
11.74£2.2
16.9+£2.7
4.6+0.8
2204+14.8
21.5+3.2

3310.94394.8
276.8+32.2
19.3+3.0
34.0+4.8
4365-+066.1
536.1+£79.6

Total Background

6669.6-£290.8

1498.8+116.8

373.84+32.4

8542.14-422.8

Control Region

Control Region

Signal Region

Observed (2 fb1

6653

157

410

8634

DPF 2009

S. CHAKRABARTI

Higgs Search with T leptons

0.025(1.9%)
0.017(2.0%)
0.024(1.9%)
0.052(0.33%)
0.12-+0.001




NNs selection @ CDF

KS prob = 65.2% CDF Run Il Preliminary KS prob =10.6% CDF Run Il Preliminary

—=— Observed (L =2.0 fb™) —=— QObserved (L =2.0 fb™)
Jet - 1 (QCD+Wijets) Jet - 1 (QCD+Wjets) :
| Jet - 1 (QCD+Wjets
[ Top Top e ( jets)
Diboson/Z — I Diboson/Z — I ] Diboson/Z — Il

Z.—>rr+jets Z 1T+ jets s Z > 1t + jets
nggs(MH=120)x30 Higgs(MH=120)x30 : Higgs(M =120)=30

KS prob =6.1% CDF Run Il Preliminary
Observed (L = 2.0 fb™)

04 05 06 07 08 09 1

NN Score : MixedSig vs Z— 1t NN Score : M.ixedS-ig vs Top NN Score : MixedSig vs QCD

Three NNs trained with mixed Signal vs zee,top, qcd backgrounds

KS prob = 68.4% CDF Run Il Preliminary

—=— Observed (L =2.0 fb™
Jet - 1 (QCD+Wjets)
Top
Diboson/Z — I

Z > 1t+jets
Higgs(MH=1 20)x30

Final discriminator minimum of three NNs

Major Systematics

JES 15% Lumi 6.0% tau ID 3%

Signal 10-22%

041 02 03 04 05 06 07 08 09
Min(NN(Sig _Z),NN(Sig_Top),NN(Sig QCD))
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Limits

Good agreement with background prediction. No significant excess in signal
region

DO uses modified frequentist approach to set 95% CL LLR plots shown below

CDF uses Bayesian method to set limits

DO preliminary

LLR vs Higgs Mass
DJ Preliminary, 0.94 fb' 04
DO TV 3

— LLRobs 0‘3

mreyprera

[ 1 sigma band
2 sigma band

0.2

0.1
w
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Higgs Mass (GeV)
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Limits

DO sets limits for combined Tv & 7T analysis expected limit range 24-120
Phys. Rev. Lett. 102, 251801 (2009)

7v analysis 77 analysis Combined DO Preliminary. L=1.02 fo'

exp. obs. exp. obs. exp.  obs

33 27 39 36 24 20
42 35 43 47 28 29
62 60 60 65 40 41
105 106 87 61 63 50
226 211 158 95 120 82

ey
o
N

95% limit oxBr(WH/ZH->t E_bF) (pb) / SM
2

ExmmumlJnl

-
o

Lime/ o pp->WHZ HxBR - Tql)

-
o
TTT

DZ Preliminary, 0.94 fb’

WH/ZH—t ETbE expected limit with Fitted (CLfit2) Systematics|

WH/ZH—+t E.rbE observed limit with Fitted (CLfit2) Systematics

v v b b b v v b v b v v v L
1 105 110 115 120 125 130 135 140 145

CDF sets limits 7171 analysis with 2 fb-1 data T

-
o
>

e The expected limit ranges from 24.2 to 111.7

__CDF Run Il Preliminary (L = 2. 0 fb )
Observed Limit |

Expected Limit

....... PE™ '+‘"1'6"B'a'n”d ............. .................
—— Standard Model (NLO)

Mass | Expected Median | Expected Mean (RMS) | Observed
0 25.872%" 27.4(10.1)
24. 8“0 g 26.1(9.4)

24. 2“00 25.6(9.0)

32. 3“3 . 34.6(13.1)
52 ‘%+)) 2 55.2(20.2)
111. "+§§’3 119.0(42.3)

-
o
w

-
o
N

-
o

5(95% Limit)/(c(SM)x BR(H->t1))
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Sensitive at low mass

Summary

Presented first results from Higgs search at Tevatron with tau final states

The tau channels were included in the combined CDF DO limits shown below.

With more data results will be updated. Stay tuned.

Tevatron Run |l Prellmlnary, L=0.9-4.2 fb"
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