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Tevatron collided protons
and antiprotons from
1985 to 2011

2 general purpose
detectors D@ and CDF

Over 10 fb1recorded
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SM Higgs with tau leptons

* No single channel has sufficient
sensitivity

Cross section (pb)

— Explore as many final states as
possible

— Separate these into sub-channels
» different signal purity
» different background composition

Branching ratio

e Two main channels;
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H->WW, H->bb 102} &
e Next dominant channel at low 2
mass is H->tt D
10350 124140 . 160 300
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Tau identification

Heaviest lepton with M =1777 MeV and lifetime of just 2.9 x
1013, so we only observe its decay products.
We use different tools for leptonic and hadronic tau decays

T Vo Tu

W%
»Thad

For e, u use standard leptonic identification tools
Hadronic tau decay suffers from large jet background

70
70
Specific identification tools created to deal with this
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Define 3 types of hadronic t decays:

+
T+ 1 Track
Type 1 tt / Calorimeter cluster
"..‘ V
-
Y 1Trac
Type 2 T+ / e Calorimeter cluster
yp < s
v > 0 EM sub-cluster
+
Type 3 rt / pO T
. -1 >1 Track
Ay 7T .
Calorimeter cluster

>0 EM sub-cluster

Efficiency = 65% Fake rate =2.5%

Tau identification

Neural Network trained
for each type

e TrainedonZ =» ttto

differentiate real taus
from jets

A — baCkgrOund “fb signal region
— signal
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Ttu + X channel

* Built from previous PRL arXiv:1106.450
* Look for two hadronic tau decays and a muon

* Channel sensitive to:
— associated production modes, WH and ZH
— H -> 1t decay modes
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Analysis selection
Selection
* Select the two taus with highest p; and the highest p;
muon.

* Neural Net output NN_ is used to discriminate t from jets.
e Sum of charges of final state objects must be *1.

£ 1600, Lor0m'
Main Backgrounds 14 pretiminar -
o Z(=> 1) + jets 12 = on
o Z (=) +jets 1::
e Diboson (WZ, WW, ZZ) 6F
 Multijets and W + jets ar |
— predicted from data e

0 20 40 60 80 100120140160

P () [GeV]
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Inclusive trigger method

Analysis uses an inclusive trigger method, where events are
not selected by any specific trigger.

* Enables us to increase signal acceptance.

* Efficiency of method determined using a well-understood
Muon Trigger.

* Important technique for this low statistics search.

Inclusive / Single Muon OR Trigger

D@, preliminary
Work in process

Correction parameterized in
the transverse momentum

of the leading t. 1.4

y=1+p0[1+Erf((x-p1)/p2)]
%2/ ndf 0.3512/2
po 1.178 = 0.303
p1 0.3733 = 0.2794
p2 3.926e-10 + 5.970e+01
p3 43.64 = 32.42

cov b b b Py
60 70 80 90 100
Tau p_, [GeV]

Data Yield Ratio
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Final Discriminant

The University
of Manchester

Njer = 0 N, = 1 Nige > 1
(7)) AR RN RN R LAY LARRD RRERN RN R _fg SRR L R N L LR AR AN L R RN RARRN RARE
;35 :—DQ, L=7.0fb" i = 7[DO,L=70fb" ~—— WH inc 120GeV x50 - DO, L=7.0 fb" i
m C :;VHHi:‘fLC::o(;G::/xX:OO LIJ E pre”minary = ZH inc 120GeV x50 5 —_ prelimir ary :ZVHHi:::c::O(:i?Ix);O
3 :_ Il piboson 6 :_ L Ziit:sron : I Diboson
- . - ___Ea = R
— Other 5 - Other B Other
2.5 - El Multjet - E Multijet B E Multijet
oF preliminary 4— T T preliminary 30 + preliminary
150 Work in s Work in B Work in
~F Progress - Progress 20 T rogress
10 2 - ‘
0.5_ 1: ______
N C I = | n
0 100 200 300 400 500 100 200 300 400 500 o 100 200 300 400 500
H H, H
T T

Events separated into jet multiplicity to further discriminate between
signal and background. i | - ,
Hp =Y pr(i) + 90+ > pr(j)
i=0 =0

J
jets  missing ET leptons
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Upper limit on cross section at 95% confidence level
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Summary

New D@ search for Higgs produced through associated production
decaying to three lepton final state.

Tau decays have additional sensitivity for lepton channels.
This analysis shown for the first time at La Thuile
Exciting results at the winter conferences from the Tevatron.

Updates expected in this channel for summer!
» Full data set
» increased signal acceptance
» use of multivariate techniques

12
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Systematics

Contribution Dibosons VA Instrumental g9 — H qq — qqH VH

~
-2
*
o~
—~~

24 6 6
3 3
Cross Section (Scale/PDF) 10 - 13-33/7.6-30 9 6.2
PDF - - 2.5 5 2.5
Tau Id per 7 (Type 1/2/3)  7/3.5/5  7/3.5/5 17/3.5/5 - 7/3.5/5 7/3.5/5  7/3.5/5
Tau Energy Scale 1 1 1 - 1 1 1
Tau Track Match per 7 1.4 1.4 1.4 - 1.4 14 1.4
Muon Identification 2.9 2.9 2.9 - 2.9 2.9 2.9

Luminosity /Normalization
Trigger

| 1T W™
| W™
w
|
W
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3 reakdown of Limits

cc

2 ©

Job=

— 0

Mass (GeV) | 100 105 110 115 120 125 130 135 140 145 150
Oexp/oor | 121 132 138 142 174 176 180 197 205 221 242
T obs /T 86 99 94 107 126 131 134 154 138 163  17.5
Mass (GeV) | 155 160 165 170 175 180 185 190 195 200
Oexp/oo | 249 284 298 201 309 348 342 403 399  39.2

T obs /T 156 182 192 218 225 244 252 283 27.6 292
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50 CDF: lItt, Ivtt channels
cc
D ¢
é% * CDF look for 3 or 4 leptons including hadronic taus.
e Use 6.2fb! and multi variant technique Support Vector
Machine
3L 1L
(i T epuT TT LLLL
YA 6.55 £ 0.89 2.36 £ 0.11 0.224£0.05{ 0.24 £0.05 | 0.92£0.13
Wz 23.45 £ 3.10 3.78 £ 0.60 0.67 011 ] 0.53 +£0.09 | 0.07 £ 0.02
W 1.62 + 0.35 1.77 £ 0.54 0.27 £0.10 | 0.50 £0.22 | 0.01 £ 0.01
DY (ee) | 133.80 £ 20.26 | 84.50 +23.61 [ 0.01 £0.01 | 0.96 £0.46 | 0.52+ 0.12
DY (pupe) 99.22 + 9.24 33 o8 4+ 15.99 | 0.77+£0.33 | 1.09 £0.29 | 0.29 £ 0.07
DY (r7) 12.38 £+ 1.49 22,95 £ 6.63 [ 258 £ 1.06 | 7.69 £ 2.66 | 0.05 £ 0.02
VAS 12.22 + 1.98 1.95 4+ 1.55 1.46 £ 0.63 | 0.60 £0.23 | 0.06 £ 0.02
tt 19.01 £ 3.91 6.30 £ 1.73 0.55£0.19 [ 0.38 =0.15 | 0.24 £ 0.06
W~ 0.21 £ 0.06 0.27 £ 0.09 0.11 £0.05 [ 0.03 £0.02 | 0.00 £ 0.00
W+ Jets 11.22 £+ 2.38 15.32 4+ 4.65 [0.38 +£0.19 | 5.44 £2.03 | 0.00 £ 0.00
QQCD 12.23 £ 9.19 2743 £ 11.52 [ 0.00 + 1.32 1.831'{:{:;; 1.63 £+ 1.04
total 201.91 &£ 24.86 | 225.20 £+ 31.90 T.():%l}:g‘;f_f 22.2812:31‘ 3.80 £ 1.06
Data 284 203 8 16 6

16
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[Mass (1stlep and 2nd lep) e-e |

| Mass (1st lep and 2nd lep) e-p |

Mass (1st lep and 2nd lep) p-pt |

Number of Events

F-CDF RUN Il PRELIMINARY @ 6.2 fb"
Signal Region

@-Data

wzzz

Oww
Dz.muzv
(3
Dw.mvwv

aco
e

0 50 100 150 200 250 300 350
2
M, (GeV/c?)

Number of Events

CDF RUN Il PRELIMINARY @ 6.2 fb"
[ “Sianal Region ’

e
100 150 200 250 300 350
M, (GeV/c?)

45 |--CDF RUN Il PRELIMINARY @ 6.2 fb”
40
35 ]

Number of Events

Signal Region

0 50 100 150 200 250 300 350
M, (GeV/c?)

[ Mass(1st Lep and 2nd Lep) u-t, |

[ Mass(1st Lep and 2nd Lep) 1,1, |

[ Mass (1st lep and 2nd lep) e-trk |

Number of Events

[ CDF RUN Il PRELIMINARY @ 6.2 fb"
Sianal Region

100 150 200 250 300 350
M, (GeVic?)

Number of Events

0 50 100 150 200 250 300 350

CDF RUN Il PRELIMINARY @ 6.2 fb"
[ “Sianal Region

M, (GeVic?)

[ Mass(Tst Lep and 2nd Lep) t,-trk |

[ Mass (1st lep and 2nd lep) trk-trk |

80

Number of Events

Number of Events

[.CDF RUN I PRELIMINARY @ 6.2 fb"
Sianal Region

0 50 100 150 200 250 300 350
M, (GeV/c?)

Number of Events
& @ 3
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[.CDF RUN Il PRELIMINARY @ 6.2 fb"
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0 50 100 150 200 250 300 350
M, (GeVic?)

I 'CDF RUN Il PRELIMINARY @ 6.2 fb" |
70 |-Sianal Region
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| Mass(1st Lep and 2nd Lep) e-t, |

~

Number of Events
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CDF RUN !l PRELIMINARY @ 6.2 fb”
[~Sianal Region

M, (GeV/c?)

[ Mass (1st lep and 2nd lep) p-trk |

Number of Events

CDF RUN Il PRELIMINARY @ 6.2 fb"
[ “Sianal Reaion

100 150 200 250 300 350
M, (GeVic?)
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CDF: lltz, Ivtt channels

e Results for Itt channel

L,: kT case

103

10

CDF RUN Il PRELIMINARY @ 6.2 fb”’

—— Data

— Expected

[ ]68% of PE. -

AAAAAA 95% of PE. .

100

110 120 130 140 150

m,, (GeV/c?)

l77 case

Expected limit/a(SM)

Observed limit/o(SM)

My(GeV/ie®) | =20 | —1o | median | +1o | +20
100 I8.6 | 24.0 33.7 49.0 | 70.8 23.9
105 19.4 | 24.6 3.1 19.3 | 70.5 21.9
110 21.4 | 26.8 36.8 53.0 | 75.6 27.6
115 2.7 | 30.5 41.4 59.0 | 83.8 31.3
120 29.5 | 36.3 18.4 69.2 | 96.8 37.0
125 35.6 | 43.1 7.3 82.0 | 114.3 16.2
130 A3.7 | 52.7 69.6 99.1 | 137.5 55.6
135 60.2 | 71.9 94.7 134.4 | 186.0 76.2
1410 79.4 | 94.5 123.0 | 172.0 | 240.7 99.5
1415 117.8 [ 1383 | 179.0 | 248.4 | 348.5 119.41
150 186.0 | 217.5 | 279.5 | 384.0 | 529.0 234.5

18
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 Results all channels

95% CL Limit/SM

CDF: lltz, Ivtt channels

Lyt LoxLpxbxLoxL, ; M, Expected limit/o(SM) Observed limit/a(SM)
CDF RUN Il PRELIMINARY @ 6.2 fb (GeV/et) [ 20 | 1o | median ’*’10'| 20 '

100 7.1 9.5 13.3 19.1 26.7 13.9

105 7.5 | 10.1 14.1 20.1 28.41 11.9

110 8.2 | 10.9 15.3 21.8 | 30.4 16.6

115 9.4 | 124 17.3 24.7 | 34.5 18.5

120 10.7 | 14.2 19.7 28.4 | 39.4 21.2

125 12.7 | 16.8 23.3 33.6 | 46.5 26.5

130 15.7 | 20.8 28.7 41.4 | 57.0 33.0

. 135 20.6 | 27.1 37.5 5.1 71.6 13.2

—+—Data 1410 27.6 | 36.2 50.3 70.8 | 98.6 37.3

— Expected ... 115 40.1 | 52.1 72.1 102 | 141.6 85.1

[l68% of PE. - 150 | 63.1|82.5 | 113.8 | 160.7 | 222.9 136.6

95% of PE.

100

110

120

130 140 150

m,, (GeV/c?)

19
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S\
=23
H->2zZ->
s CMS: H-> > [ITT
cc
-0 CMS Vs =7TeV,L=47 fb"
V= N , , : :
= > 5F * DATA -
° _ Q)] N my, =200 GeV
New 2012 result, 4.7fb-1 o .l > e
e wherell =ee eand TT=T,T £ -
’ IJ-IJ-; H h“h’ o 3 ]
L
Thle Thlw Tl il |
* Final discriminant: invariant mass of L ]
four leptons
P20 200 300 400 500
MII1:1: (GeV)
CMS Vs=7TeV,L=4.7 fb"
% 20T T T T
Decay N%; Other Total My Observed % HoZZ 5 ke
channel backgrounds backgr. 200 GeV § 15} — Observed .
HUThT, | 079£0.09 | 076031 | 155032 | 0.7 0 £ e
eemTy | 075+0.09 | 073+032 | 148+033 | 0.15 1 = xpecied =20
eeT,T, | 1.12+0.13 | 099+034 | 211+036 | 025 3 3 1
UNT, Ty | 1204014 | 031£029 | 1.51+032 | 026 3 2
UpT,T, | 108+£0.13 | 0.67+036 | 1.75+£038 | 023 2 8 .
eer, T, | 094+0.10 | 041£016 | 1.35+019 | 020 0
eeT,T, | 051006 | 058+042 | 1.09+042 | 0.11 0
uuteT, | 058+007 | 018+0.18 | 076022 | 0.12 1 gn 1 1 l
[ Total | 697084 | 463+149 |11.60=171] 149 10 200300 400 500 L (N0

m,, (GeV)



