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Introduction

/

% Higgs Boson was only undiscovered 9
elementary particle in the Standard Model
(SM).

% 5 sigma discovery is announced in July
2012 at LHC (consistent to SM Higgs).

% Need to investigate various channels.

% VH production is a strong channel at the

Tevatron (relatively large cross section).
% Final state with like-sign charge
combination

VH - VWW — (=

1s very clean channel!

% Also, this channel can be investigated
Beyond SM (e.g. Fermiophobic (FP) Higgs,
which cannot couple to fermions.)
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Tevatron & CDF Detector

*./s = 1.96 TeV pp collisions at
CDF and DO
% Data taking was finished in last

September S
P ~ Tevatron ™ >:

*g-w.« T — ‘7'

% Delivered: ~ 12 fb~1
101 & ﬁ -
% CDF Data taped: ~10fb 7 Main Injector "\

| Silicon = & Regycler - ;

. :KCDF Detector:
§ Ly general purpose detector

Drift Chamber | N@EI)alinEIE
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W Event Selection

*Data: 9.4 fb~ ! collected by CDF (Full Dataset)

> Central leptons (Electron & Muon) + Forward Muons
Minimum kinematical requirement for the 1st and 2nd leptons
(maximizing signal acceptance)

V Istelectron: Er > 20 GeV & pr > 10 GeV

> 1st muon: pr > 20 GeV

v 2nd lepton:
ng >6 GeV & pr > 6 GeV/c

X Isolation cuts

*Track quality cuts (including silicon hits)

> Lepton identification cuts based on likelihood method

X Z veto, dilepton mass cut, Like-sign charge combination
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Backgrounds

» Fake leptons (data-driven) (Details are shown 1n later)
v Punch-through hadrons
v Non-prompt leptons
mFake = Rp ke X(# of isolated tracks)
» Residual Conversions (data-driven) (Details are shown 1n later)
= RC = Rrc X (# of conversions)
» SM backgrounds (MC) (Details are shown 1n later)

VWZ,77
v Data/MC scale factors are estimated using Z->11 control samples.

ql
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Data/MC Scale Factor

*MC simulations are not perfect. --> Need Data/MC scale factors.
eSample: Z — ¢=¢T (Data, MC), 81 < My, < 101 GeV

eScale factors depend on lepton pT.

eScale factors for the forward & stubless muons are optimized in

high-pT region-pnd lepton distribution (Z->11)

High-pT region

Non-neglighle
fake leptons|&
conversion evgnts
in low-pT region.
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OS Dilepton Region ( M, < 81, My, > 101)
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S: Z-> 1l candidates in high-pT lepton data
*B: lepton passing our preselections (in jet samples)
eConstruct Likelihood as

L—S/(S+B)
S = H SPDF(”@') B = H BPDF(”@')

e S(B)ppr(n;) : Probability density function for variable
evariables: calorimeter energy, track-quality information, ...
Commonly used method, especially CDF B-physics Group
A

Back Signal
A & ackground) o clihood A-C

T %

PDF




Kake Leptons

eFake lepton components:
% Interactiver™ ;1 + track, punch-through hadrons
% Semileptonic decay of heavy-flavor hadrons,
decay-in-flight 7, K—
*6-dim parametrization
% lepton pT, pseudorapidity, A¢(Br, 0), ...
eData (Jet samples) & MC (for electroweak-process subtraction) used

eEstimation:
Nfake — Rfake X Ntracka Rfake — Rabs X fnorm (pT7 A¢7 )
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CDF Run-ll Preliminary: 9.4 b CDF Run-ll Preliminary: 9.4 o' CDF Run-ll Preliminary: 9.4 o
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2nd lepton ID failed region: fake-lepton validation
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Residual Photon Conversion

Energy s!\atlrgg in'pho!on conversion

Yy
o

ePhoton-conversion events favor
asymmetrical energy sharing.
= Partner-track tend to have low-pT.
= Enhance residual photon
conversion backgrounds. AL sl thgh-my Pt

_ Electron energy

'Mno"

—h
n

Relative probability

o
o

Photon energy

0 0.102030405060.70809 1

f stectron

eEstimation:
Nres — Rres X Nconv

Nres 1 — Econv

R r p— p—
(S} 7\ 7
conv 8 conv EM Cal.

Econv — CC’:rel(pT) X Eabs eg OB

4
4
4
/7
/

e+
Unobserved Partner Track

D. Yamato (Osaka City Univ.) KEK Seminar Wi




Residual Photon Conversion
Relative Part Absolute Part

Data eNominal Conversion Tagging

MC
(generator) ‘5xy| < 0.2 em
A(cot 0)] < 0.04

e Alternative Tagging Method
(CES Method)

# of Events

Partner Track pf % Central Electromagnetic Strips
(CES) hit information

eCompare Data with MC
eDifference in low-pT region
eReach plateau above 1 GeV/c
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Conversion Efficiency & RC Rate

. . . -1
CDF Run-ll Preliminary: 9.4 fb™' CDF Run-ll Preliminary: 9.4 fb

IIIIIIIIlllllllllllllllllll_

:lliIlllillllillllillllillllill-

10 20 30 40 50 60
10 20 30 40 50 60
Photon p_ (GeVi/c) Photon p_(GeVi/c)

D. Yamato (Osaka City Univ.) KEK Seminar




Y

2nd lepton Zero Silicon Hit Region: Conversion rich
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% To get more sensitivity, we employ multivariate technique.

% Boosted Decision Trees (BDT)
» True/False decision 1n each splitting (Decision Tree)
» Boosting can pick up misclassified events w/ weighting each event
» Output from many trees, combine w/ error rates 4

CSg al ‘Sg al

‘ Background F l ‘ Background F l

| Boosting Boosting
{ ? » { ? » (many trees)

90060 " 0009
o6 oo THE]

Error Rate vy Error Rate o
First Tree 17 Second Tree 15
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Expected & Data

CDF Run-II Preliminary: 9.4 fb— 1

VA—VW*W* =T+ 4 X

Lepton ID Side-Band

Zero Silicon

OS

Signal

Fakes

Photon-conversions

4493.94-594.6
123.1£34.1

15.7+2.53
91.74£13.0

674.8+107.6
192.5+£39.6

631.9£51.4
49.54+12.1

Total

4616.94595.6

107.44+13.2

867.3+114.7

681.4+52.8

Z[v*—ee
Z|Y* = pp
Z/~y*—T1T
tt

Ww

W2z

47

2.1£0.3
0.440.1

19841.4+1503.9
30327.34:2296.2
4071.3+£310.2
269.2+20.4
399.2430.2
27.3+£3.4
23.74+3.0

13.14£1.6
1.740.2

Total MC

2.5+0.3

54959.44-4159.2

14.8+1.7

Fermiophobic higgs (Wh110)
Fermiophobic higgs (Zh110)

0.88+0.10
0.10£0.01

6.31£0.71
2.33+£0.27

5.0940.59
0.5340.06

Fermiophobic Total (110)

0.98+0.10

8.64+0.76

5.6240.59

SM higgs (Wh160)
SM higgs (Zh160)

0.19 £0.02
0.028+0.003

2.46+0.28
1.1540.13

1.51£0.17
0.1840.02

SM Total (160)

0.21£0.02

3.614+0.31

1.6940.17

Total expected
Data

4619.44-595.6
4598

107.44+13.2
127

55826.71+4214.6
51243

696.1+£52.8
624
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WH Systematic Uncertainties

Wh—aWW*W* T+ + X CDF Run-II Preliminary: 9.4 b1

Higgs Mass (GeV/c”) 110 120 130 140 150 160 170 180 190 200
Statistics 0.8% 08% 08% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7%
PDF 2.2% 1.9% 1.6% 1.6% 14% 12% 14% 1.1% 08% 0.7%
ISR 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0% 4.0%
FSR 5.3% 5.3% 5.3% 53% 53% 53% 53% 53% 53% 5.3%
Z/~* 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6% 4.6%
Cross Section 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 50% 50% 50% 50%
Luminosity 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0% 6.0%
Total 11.5% 11.4% 11.4% 11.4% 11.3% 11.3% 11.3% 11.3% 11.3% 11.3%

*PDF: Estimated by reweighting method
e 7/~ Data/MC difference when SF estimations
eCross Section: Theoretical uncertainty (5%)
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w Backgrounds Systematic

VA—VW*W* =TT 4+ X CDF Run-II Preliminary: 9.4 fb~*

Fake leptons Residual photon-conversion W24 ZZ
Statistics 2.1% 11.1% 0.7% 2.1%
Fake rate 7.9% -
Residual conversion rate - 22.0% - -
Z/y" - : 4.6% 4.6%
Cross Section - - 10.0% 10.0%
6.0% 6.0%

Luminosity

Total 8.2% 24.7% 12.6% 12.7%

eFake Rate: including the differences between jet samples
eCross Section: Theoretical, ISR/FSR, PDF uncertainties
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Results (SM)

*No significant differences between data & expected backgrounds
*We set 95% Confidence Level limit on the SM Higgs
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*No significant differences between data & expected backgrounds
*We set 95% Confidence Level limit on Fermiophobic Higgs

Vih— VW W — FE+X ST S FEX
CDF Run-ll Preliminary: 9.4 fb" CDF Run-ll Preliminary: 9.4 fb™’

5 LI I L I O gllHgllllgl”l!””g””—;l—Qbserv!edl_in!']it
10 é_ lee'S|gn ——— [[:)::(ae |eptons ._ ............. ............... ............... ""'"EXpeCtedlelt ......... .
[ 1 Conversions
] wz
I:I 77 .
- BG Uncertainty |
——— Wh110 (FP) x5 ]
— Zh110 (FP)x 5 |
—— Wh110 (SM) x 5 3
Zh110 (SM) x5 ]

95% C.L. Limit/FP

o0
©
(-
S—
N
e
-
)
>
L

T — i .............. o — i .............. ] ............... [ .............. ] ............... I ..............
110 120 130 140 150 160 170 180 190 200

Higgs Mass (GeV/c?)

_ Observed limit: 4 4
P08 060402 0 03 040608 1 Expected limit: 2.6

BDT Output (m_=110) Mhp.» = 110 GeV/c?
D. Yamato (Osaka City Univ.) KEK Seminar




Summary & Plan

% Data 9.4 fb~ ' used for Higgs search (Full dataset)
+*2* No significant discrepancies between data & expected
*¢* BDT method applied to get more sensitivity, and we get
the 95% C.L. Limut:
= 8.3 x (SM Higgs 160) (Expected limit: 6.0)
= 4.4 x (FP Higgs 110) (Expected limit: 2.6)
v Plan
vV WZ/Z7 Measurements
v Like-Sign Dilepton Characteristic Search
X Heavy Majorana Neutrino
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@ Tevatron 2012 Winter Result

Tevatron Run Il Preliminary, L <10.0 fb™
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CDF Run Il Preliminary, L <10 fb™
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[Vh— vw'w = Fr+x] > VIVW = PI+X] . Vh= vw W = FE+X]
CDF Run-ll Preliminary: 9.4 fb™" CDF Run-ll Preliminary: 9.4 fb CDF Run-ll Preliminary: 9.4 fb™"'
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Residual Conversion

eEstimated by using data & MC
eResidual conversion rate:

1 — Econv

Riesco = Econv: CONVErsion tagging eff.

8COIlV

*Split to
Econy = Erel (PT) X Eabs
eRelative part: high-pT region fitting -> low-pT compared
to obsp level with data (pT relative eff. part).
e Absolute part 1s derived by using CES method.
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Variables

*MetSpec:
= Missing E T if delta phi(MET, lepton or jet) > p1/2
= Missing E T times sin(delta phi(MET, lepton or jet)) 1f delta
ph1i(MET, lepton or jet) < p1/2

*Sphericity:
= To look at event shapes.
= Sphericity tensor:

Saﬁ Z pz pz
Zi Pil°

‘Eigenvalues )\1, )\2, )\3 )\1 > )\2 > )\3, )\1 + )\2 + )\3 =1
= Sphericity: 3
S — 5()\2 —|— )\3)
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SM Higgs Limit

| Vhs VW W — FE+X |
A . -1
VR—VW* W* 11+ 4 X CDF Run-II Preliminary: 7.6 fb~! . CDF Run-li Preliminary: 7.6 fb

~e— Obsetved Limit
Mass (GeV/c”) (Expected limit) /SM (Observed limit)/SM il
—20 —1lo Median +1o0 420

110 38.7 50.3 704 99.6 138.5 87.0
120 15.8 20.5 285 404 56.3 33.8
130 8.8 114 158 224 30.9 19.4
140 6.5 85 120 169 23.3 13.5
150 5.5 7.3 101 145 199 12.7
160 5.6 7.3 102 14.5 20.0 10.5
170 6.3 82 11.3 16.0 22.2 12.6
180 75 96 133 188 258 15.1
190 10.1 129 178 253 35.3 19.9

200 12.5 15.8 21.6 30.4 42.5 26.4 120 ~160 180
Higgs Mass (GeV/c?)

95% C.L. Limit/SM

Vh—VW*W* =%+ 4 X CDF Run-II Preliminary: 9.4 fb~! o = +X|CDF Run-ll Preliminary: 9.4 fb™'
Mass (GeV/c”) (Expected limit)/SM (Observed limit)/SM
—20 —1o Median +10 +20

110 249 32.8 45.8 65.1 89.0 77.2

120 10.0 13.2 183 26.1 36.2 32.5

130 5.0 7.2 10.0 14.1 19.9 16.4

140 3.8 5.0 6.9 9.7 134 11.4

150 3.3 4.3 6.0 8.5 11.8 8.3

160 3.3 4.3 5.9 84 11.6 9.2

170 3.7 4.7 6.5 9.2 12.9 10.4

180 45 57 79 112 15.6 11.4

190 6.0 7.7 10.6 15.0 20.8 16.4 - Standard Model.

500 26 0.7 133 189 965 90 9 Y G PP uus P CeGS s eSO

Higgs Mass (GeV/c?)
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Fermiophobic Higgs Limit

Vh—VW*W* 15 1E £ x CDF Run-II Preliminary: 7.6 fb~ 1 _Vhs VYW W — FE+X |

CDF Run-ll Preliminary: 7.6 fb™'
Mass (GeV/c”) (Expected limit) /FP (Observed limit)/FP R '
—20 —1lo Median +1o 420

110 2.4 3.3 4.8 6.7 9.1 4.7
120 2.8 3.8 5.4 7.6 10.2 5.3
130 3.2 4.3 6.2 8.7 11.8 6.6
140 3.9 51 7.3 10.2 14.1 7.7
150 4.5 5.8 8.2 11.7 158 9.9
160 53 7.0 9.8 13.9 19.3 10.0
170 62 81 112 15.8 21.8 12.4
180 74 9.5 132 18.7 25.6 15.0
190 10.1 129 17.8 253 35.2 19.9
200 124 158 21.6 304 424 26.4

I 1 I I
—e— Obsetved Limit :

2 —e— Expedéted Limit !
10 : [ tiie: :

95% C.L. Limit/FP

Higgs Mass (GeV/c?)
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Observed Limit

Vh—VW*W* 1+ = + X CDF Run-II Preliminary: 9.4 fb~1

Mass (GeV /c?) (Expected limit)/FP (Observed limit)/FP
—20 —1o0 Median +10 +20
110 1.4 1.9 2.6 3.7 5.0 4.4
120 1.6 2.2 3.0 4.3 6.0 5.3
130 1.9 2.5 3.5 4.9 7.0 5.8
140 2.2 2.9 4.0 5.6 7.8 6.6
150 26 34 4.7 6.7 9.3 6.6
160 3.1 4.1 5.6 8.0 11.1 8.8
170 3.6 4.7 6.4 9.1 12.8 10.3
180 4.4 5.7 7.8 11.1 15.5 11.3
190 6.0 7.7 10.6 15.0 20.7 16.3 L
200 7.5 9.7 133 18.9 26.5 20.1

95% C.L. Limit/FP
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