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Motivation

Theoretical constraints for secondary
channels are small BR of yy/771

SM Higgs production

103
o] F

Experimental challenges in these channels
are large background and detection of y/T1
final states

102

However they can add up to Higgs S
SenSi Ti Vi Ty Tev4LHCHiggsx|voncinggoup

The channels involving gamma decays of SM
Higgs helps intermediate mass region
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Simultaneous search for VH/Vector Boson
Fusion (VBF) signals in tau final states,
sensitive at low mass

'
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BR for SM Higes

Channels for VH->qqbb has larger BR but _,
huge QCD bkg, can contribute in low mass Higgs Mass  (GeV)
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H—vyy @DO/CDF L=4.2/5.4 fb-1

: Associated production Vector boson fusion
Gluon fusion ; ] a
q YWVWWWY

H ™ 3
- Wiz wwwf S H NWWW-Y

q Wiz q q

Add ~30% more signal

e FEvent Selection

SM Higgs decay to two photons DiEM cal-only trigger suites, Single

. . . photon with high pT (50-70 GEV)
Diphoton Mass observable in falling +hreshold

spectrum
PV should be inside acceptance of

Photon Identification tracking

Calorimeter resolution In central calorimeter

Backg.r'ound model by data driven 0T>25/15 GEV (DO/CDF)
techniques

Mgamgam > 60/30 GEV




H—vy Preselection

Photon identification

0.4 Circle Center of Giravity
R 7 ___ jofedaitial Clusier

High EM fraction/cluster in shower 02 Cine N\~ ——7

| . . !/ FH+CH
Calorimeter and tracker isolation [/

EisoTot = |

Transverse shower profile and no associated —
EisoCore = 7/
track

1s0= {°F / W, \ /_——the interaction point

DO also uses a b variable NN cut >0.1 Main Backgrounds

Reducible backgrounds : Electrons

misidentified as photons Z/y*->ee,

* Z->ITy (1= ey) data Jets misidentified as photons,dijet
and y+jet, using NNLO MC

-D@,4.2 b

Events/0.05

Irreducible backgrounds : direct QCD
di-photon production using a sideband

: NN =2 Anl N fitting method from data
0 0.10.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ONN

CDF analysis the sum of all
backgrounds is taken from a inclusive
sideband fitting method




Events/2.5 GeV

Number of Events

H— vy Results @DO/CDF

DQ, 4.2 fb preliminary

—— data
o background
signalx50 (MH=1 30GeV)

+I_I T | T T |
O X I:SI‘((’Y’Y)
SM value

95% CL

PRI N T T S S N S S N
130 135

M,, (GeV)

D@, 4.2 fb' preliminary

— Observed Limit source
Expected Limit luminosity
[ ]Expected Limit+ 1c : trigger
[ Expected Limit+2c /, PDF for h — v acceptance

uncertainty

6.1% [21]

0.1%

1.7% - 2.2%

y

19.0%

y electron misidentification efficiency
4 Z/~v*(ee) cross section

3.9%

photon identification efficiency

6.8%

background subtraction

shape

photon energy scale

shape

PR [T T T S AN S N T T AN T ST ST S NN SO N
100 110 120 130

1 I 1 1 1 1 I 1 1
140 150

SM Higgs mass (GeV)

Myy spectrum in the search region for derivation of limits 20 times

than SM higgs cross section

Limits for h— v v (5.4 fb™)

h— y v signal at Mh=120.0

Signal scaled to expected limit (19.7 x SM)
Signal scaled to observed limit (22.8 x SM)
Data

Background Model

CDF Run Il Preliminary

+

o x Br(h — vy vy)/SM

CDF Run Il Preliminary

—a— Observed limit
—— Expected limit

[ ] 1 sigmaregion
[ 2 sigma region

§_/

Central Photons

100 110 120 130 140 150

M,




VH/VBF—’TTJJ_@ DO/CDF L=4.9/2.0 fb-1

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

Event Selection

Only one isolated muon leading jet pT

DO Preliminary, L =3.9 fb"

® data

+ B
[ w+jets
B z+jets

[ Diboson
===+ Signal x 100

One hadronic tau candidate pT>15 GeV

At least two jets pT>20 GeV and |n|[>3.4

Opposite sign mu-tau pair requirement

Elec'rr'on veto 20 40 60 80 100 120 140
Leading jet P, (GeV)

No B tagging

DPF 2009 S. CHAKRABARTI Higgs Search with T leptons




17jj Preselection @DO

After preselection Multivariate technique
used for optimum sensitivity

Variables used for BDT training showing
good data montecarlo agreement

Event Yield

Data|XBknd| tt W4jets Z4jets DB MJ
433 | 439.9 [66.7 81.5 222.7 10.2 80.7

Process (ZH HZ HW VBF GGF
Event yield|0.11 0.23 0.72 0.12 0.15

ST

DO Preliminary, L=3.9 fb’

100

® data

B

I w+jets

B z+jets

] Diboson

===: Signal x 100

200 300 400 500 600

centrality

DO Preliminary, L=3.9 fb"

5 | > I & 1 4 I 5
1 12 14
Centrality




BDTs for 17jj selection @DO

32 Boosted Decision Trees for four signals to four bkgd BDTs output
iIn Two mass regions

17 variables used for each BDT
Final selection cut on average on maxBDT of ttbar,wjets and MJ BDTs

Look at the average BDT of zjets as final variable.

D@ Preliminary, L=3.9 fb’ DO Preliminary, L=3.9 fb’

DO Preliminary, L=3.9 fb’
+ ® data F

[ w+jets - [ w+ets -

B z+jets - B z+jets
[C] Diboson - [ Diboson
===: Signal x 300 = === Signal x 300

-0.8 -0.6 -0.4 0.2 -0 0.2 0.4 06 08 1 1 .08 -06 -04 02 -0 0.2 0.4 0.6 0.8 1 1708 06 04 -02 -0 02 0.4 06 08 1
gpTHW o BT Wiets) BDTHWM)

BDT training WH signal vs different backgrounds




BDTs for 171i@DO =49 fb-1

DO Preliminary, L=3.9 fb"

® data
[ JYA]
T Dib B B
«2++ Signal x 300 - [ w+jets
B z+jets
[ Diboson
===+ Signal x 300

- - G des
-1 -08 -06 -04 -02 -0 02 04 06 08 1 -1 -0.8 -06 -04 -0.2 -0 0.2 04 06 08 1
BDT"** BDT™

D@ Preliminary, L=3.9 fb"

T [ w+jets

I z+jets
[ Diboson
Sig_;nal x 50

t

MaxBDT Signal trained against different
backgrounds

__low mass

Final distribution average Zjets BDT for
limit setting

T T T T T T T T T T T T T T TT ] T T T T
I I I I I I

-0.8 -0.6 -0.4 -0.2 -0 6.2 04 06 038 _1
BDTZ]ets

D@ Preliminary, L=3.9 fb"

Major systematics

® data
[ YN
(.
[ w+jets
I z+jets
[ Diboson
===+ Signal x 50

Tau ES 4.5% Lumi 6.1% QCD 15%
Cross sec 10% JES 7.5%

high mass

-1 -08 -0.6 -04 -02 -0 0.2 04 0.6 0.8
BDT

-k FTTTT

Zje|s1




VH/VBE—71T1j] @ CDF L=2 fb-1

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)




Event Yield @ CDF

e Signal Yield

2fb~"

My=115

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%

0.05(1.7%
0.11(0.3%

0.025(1.9%)

0.024(1.9%)
0.052(0.33%)

)

9%) | 0.017(2.0%)
)
)

Total

0.83+£0.01

0.7640.01

0.6710.01

0.45+0.004

0.2640.002

0.12+0.001

e Background Yield

Source

Model

(.?J,f'l i+ T+ § jet

e/ i+ T+ 1jet

e/ +m+ >2jet

Grand Total

L— TT4jets
L— ll4+jets
tt
Diboson
ij — Thad

Add-on W + jets

ALPGEN
ALPGEN

PYTHIA
PTYHIA
SS data

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
19.34+3.0
34.0+4.8
4365-+066.1
536.1+£79.6

Total Background

6669.6-£290.8

1498.8+116.8

373.8+£32.4

8542.14-422.8

Control Region

Control Region

Signal Region

Observed (2 fb1

6653

157

410

8634




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+Wijets
[ Top Top o ( jets)
Diboson/Z — |l Diboson/Z — |l | Diboson/Z — I

Z.—> T + jets Z 1T+ jets Z > 1t + jets
Higgs(M, _=120)x30 Higgs(M =120)~30 : Higgs(M _=120)x30

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

02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
NN Score : MixedSig vs Z— tt NN Score : MixedSig vs Top

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

Major Systematics Diboson/Z i

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

NN Score : MixedSig vs QCD

Final discriminator minimum of three NNs

JES 15% Lumi 6.0% tau ID 3%

Signal 10-22%

0.1 02 03 04 05 06 07 08 09 1
Min(NN(Sig _Z),NN(Sig_Top),NN(Sig QCD))




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

DO sets limits for combined T7jj analysis expected limit range 24-120
D@ Preliminary, L=4.9 fb' ’ DO Preliminary, L=4.9fb'

LLRg 2-0
B LLR; 1-0
amas LLRB
<o LLRg,g
— LLR oo

Y
o
N

= (Observed Limit
Expected Limit

Standard Model

Limit / o(SM Higgs with 1)

—h
o
TTTT

1:

: IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII
100 105 110 115 120 125 130 135 140 145 150 -1..?05 11|0 130 135 140

m, (GeV/c?) m,, (G eV/c? )

e CDF uses a Bayesian approach

e CDF sets limits for 171jj analysis with 2 fb-1 data

CDF Run Il Preliminary (L = 2.0 fb'1)
—— Observed Limit

-
o
>

-
o
w
T TTTTTIT T TTTTT

e The expected limit ranges from 24.2 to 111.7

Mass Expected Median | Expected Mean (RMS) | Observed
258" 27.4(10.1)
24. 8+10 ’ 26.1(9.4)
27 25.6(9.0)
32.375% 34.6(13.1)

52.8%15% 55.2(20.2) | | : |
11171350 119.0(42.3) 9. —H0 M0 130 140 150

Higgs Mass [GeV/c?]

— Expected Limit
....... P.'E'.'f'i""‘tj"('j‘"Bahd
—4— Standard Model (NL

-
o
N

5(95% Limit)/(c(SM)x BR(H->11))

-
o




VH/VBEF—qqbb@CDF L=4.0 fb-1

Large signal yield as it profits from e
the largest cross-section x branching
ratio e

Complete event information. No
missing energy to infer

large QCD background

q

Event Selection

Pass CDF multi-jet trigger and good run
selection

Veto lepton events

Selected events should have 4 or 5 jets
with Et > 15 GeV

Events should have small missing transverse
energy significance to reduce contribution
from ttbar background

Among the first 4 leading jets, exactly two
jets must be tagged as b-jets

The event SumEt (based on the sum of the
transverse energy of the selected jets)
must be greater than 220 GeV. This cut is
to improve the signal to QCD multi-jet
background significance




Preselection qgbb @CDF

® VH Signal Region: 75 < Mpp 175 GeV/c? & 50 < Mqyq < 120 GeV/c?

® VBF Signal Region: 75 < Mpb 175 GeV/c? & Myq > 120 GeV/c?

CDF Run II Preliminary (4 fb=1)
» Bac kg r'ound S. Expected number of background events which pass the trigger, event selection
and have two b-tags (SecVtx-SecVtx [SS] or SecVtx-SetProblJ [SJ]).

® QCD (98%) Signal regions | VH (WH+ZH) VBF
Backgrounds SS SJ SS SJ
tt 281.7 | 1153 | 177.3 | 75.7
. single-top 44.1 17.7 17.2 | 10.0
Single-Top . W +bbjec | 279 | 120 | 48 | 3.3
W + bb/cc jets Z(bb, cc)+jets | 127.5 | 554 | 135.0 | 62.9

WW/WZ/ZZ Diboson 11.4 8.5 5.3 3.8
_COF Run Il Preliminary (4 to) | Data 16857 | 9341 17776 | 9518

E [ pracioes | Signal regions WH ZH VBF
P T— | Higgs Mass (GeV/c¢?) | SS | SJ | SS | SJ | SS | SJ
' 115 1511937 ]13]34]1.3

ttbar Z + jets (where Z decays to b/c quarks)

ey
o
T

Arbitrary unit
® o @
o

As no evidence for Higgs boson was found, we extract cross-section upper limits
at 9d5°/a Confidence Limits (CL). For this analysis, four orthogonal channels were
studied:

L e 1. -VH where both b-jets are tagged by tight SecVtx

2. *VH where one b-jet is tagged by tight SecVtx and the other by JetProb(1%)

3. *VBF where both b-jets are tagged by tight SecVtx

bserved/Predicted

4. -VBF where one b-jet is tagged by tight SecVtx and the other by JetProb(1%)

O
(=]
G

The results from the 4 channels are combined which gives a better result than the
i individual channels.

50 180170
Mbb (GeV/c?)




Limits qgbb@CDF

VH-SS Neural Net Output (4fb™) —M =120 GeV/c’

—— Data C_1Qcb [ QCD Systematic ‘ GO O d D A TA - MC 09 r‘eemel’ﬁ'

[ Z+jets 1 W+HF/Single Top/Diboson
[ VH x 1000

CDF Run II Preliminar .. . . .
| @ Put alimit on SM Higgs production cross section*BR

Limits for combined VH/VBF Channel (4 fb")

CDF Run II Preliminary

Major Systematics Sources

—
o
w

QCD Modelling

Luminosity

b-tag scale factor

Jet Energy Scale

Initial & fnal state radiation.
Parton distribution uncertainties.

2

[y
o

I T TTTTIT

— Observed
Expected

Cls1o

[ ]x20
ll|IIlIIIIIIIIIIllIIII|Il|||l||I|IIII|I|II|IIII
105 110 115 120 125 130 135 140 145 150
Higgs Mass (GeV/c?)

Cross-Section Upper Limit 95% C.L./ o,

III|III|III|III|III|III|III|III

-y
o
o

o } Al 1 L1
0.5 1.5
Neural Network Output

CDF Run II Preliminary
oo Expected and observed 95% CL upper limits for the combined VH and VBF
ystematic . . _ } . .
Hzee i W-+HF/Single Top/Diboson channels using 4fb~! of pp data collected by the CDF detector. The limits are
X
. normalised to the expected Higgs cross-section.
CDF Run II Preliminary ¢ l I I Higg

VBF-SS Neural Net Output (4fb™) —M =120 GeVi/c?

Observed

-
[—
Q

Higgs mass —1o | Median

(GeV/c?) (o/on)

100 9. 12.8 18.8

105 3.7 12.1 17.4

110 11.7 17.1

115 12.2 17.8

120 9.: 13.7 20.0

125 13. 18.7 27.3

130 17. 24.4 36.1
135 19.6 | 28.6 41.9 :

| 140 26.7 40.7 60.4 86.6

05 0 05 112 145 13.4 | 63.5 95.7 | 142.1

Neural Network Output 150 3.8 | 109.9 164.1 | 240.3

10.1
9.9
10.2
9.1
10.5
13.8
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oy |
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sSummary

Presented results from Higgs search at Tevatron with secondary search
channels

These channels were included in the combined CDF DO limits shown below.
Sensitive at low and intermediate mass region

With more data results will be updated. Stay tuned.

Tevatron Run |l Prellmmary, L=0.9-4.2 fb™

=
w
=
E
3
-
o
2
)
o

100 110 120 130 140 150 160 170 180 190 200
my,(GeV/c?)
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T |denT|f|caT|on DO & CDF

> 180,
- background -o OS-bckg

Hadronic tau decay e} —zomwe | g - Tzowme

Z— 71T Cross Section

CDF measured in Te Th channel s e );[é;\%o 02040&0(:0)1[&\1,;0

e*BR = 265 +20 (stat) +21 (syst) o o

CDF: Start with a calorimeter tower, ET > 6 GeV.

DO Tu The Add up to 6 contiguous towers with ET > 1 GeV.

£*BR = '237 +15 (S‘l'Cl'l') +18 (Sy5‘|‘) Associate tracks wi‘fh the calorimeter cluster, must have_signal
at least one track with pT > 6 GeV. seed track —._
Ty el/. nf  TRK + CAL Tau cone defined by seed track,

— isolation

half angle, 6sig = 50 - 175 mrad,
v, depends on cluster energy.

71 moTRK, Isolation annulus

Ty subcluster 1 or 3 tracks, charge = 1, in Bsig

Reconstruct m0's. not associated .
. ' with tau candidate "\}
Require M(tracks,m0’'s) < 1.8 GeV

TA

+
= TRK + CAL

wide CAL 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:
-1re+ | Nearest neighbour algorithm in 3rd EM layer,

wide CAL

duster +  |EM cells in other layers

EM sub-
cluster Associate up to 3 tracks with pT > |.5 GeV to the tau

20




