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Charged Higgs in Top Decays

= Lepton+jets top pair events
¥ Consists of lepton, missing Et, >=4 jets
M 30% of total tt events

= Same final state from W+ and H*

W* —>ua/cs_—>jj VS. H 5 >
= Search for higher mass bump in the
di-jet mass distribution
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Charged Higgs in Top Decays
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= Lepton+jets top pair events
¥ Consists of lepton, missing Et, >=4 jets
M 30% of total tt events

= Same final state from W+ and H*

W* = ud/cs— jj

vs. [H > cs - jj

= Search for higher mass bump in the
di-jet mass distribution

Normalized by area
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Reconstructed di-jet mass in top decays
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CDF @ Tevatron

= pp collisions @ 5= 1.96 TeV =
= Analyze 2.2 fb-! of CDF data
¥ Taken by Aug 2007 § 2

= Tevatron delivered 4.217 fb'l, and ;i /
CDF acquired 3.452 fblas of Jun 12th & L )
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Fiscal Year 08 e Fiscal Year 07 a Fiscal Year 06 e« Fiscal Year 05 = Fiscal Year 04
v Fiscal Year 03 Fiscal Year 02

« CDF: inner to outer
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CDF @ Tevatron
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= pp collisions @ Vs= 1.96 TeV 500 :
= Analyze 2.2 fb! of CDF data ;‘:ﬁ H/
@ Taken by Aug 2007 .ésmo /
= Tevatron delivered 4.217 fb1, and =0 “
CDF acquired 3.452 fblas of Jun 12th 2.,
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Event Selection

Detector in x-y plane Pseudo rapidity

Z/Di-lepton/Cosmic/Conversion veto n = —In(tan(e / 2))

A lepton(e/p) with n=1
pt>20 GeV/c, |n|<1
/
n=2.4

2 secondary vertex
tagged jets (b-jets)

Z
Protpn direction

77 N

4 jets with Et>20 GeV, |n|<2

Missing transverse energy leadiing jets

> 20 GeV
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Event Selection

Detector in x-y plane Pseudo rapidity

Z/Di-lepton/Cosmic/Conversion veto n = —In(tan(e / 2))

[\

2 secondary vertex
| tagged jets (b-jets)

,»‘, = 7z
// \‘ Protfn direction
— | Allow extra jets if

Et>12 GeV, |n[s2.4
4 jets with Et>20 GeV, |n|<2
leading jets

A lepton(e/p) with n=1
pt>20 GeV/c, |n|<1

n==2
n=2.4

Missing transverse energy
> 20 GeV
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Top Event Reconstruction

= Matching final state objects to the partons in kinematic x? fitter:
M Leading 4 jets
M Lepton
M Un-clustered energy for missing Et calculation
= Constrain top and leptonic W mass

= Vary energies within 1o in the fitter

i f|t | meas

e Z (i

UE, f|t UE meaS)

"'Z(p

ii 2 jets oy’ i=x,y Gj
reco 2
+(m —M; )’ +(muv—mN)2 +(mbjj—mt) _I_(mblv_mt)z
2 2 2 2
FW FW 1_1'[ Ft
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Top Event Reconstruction

= Matching final state objects to the partons in kinematic x? fitter:
M Leading 4 jets

Cc
| Lepton \B
M Un-clustered energy for missing Et calculation i > P

= Constrain top and leptonic W mass "w- \t\\\“
b

= Vary energies within 1o in the fitter

i f|t | meas

e Z (i

UE, f|t UE meaS)

"'Z(p

il 4 jets o’ j=x,y Gj
reco 2
+(m —M; )’ 1 (m, —m, )’ +(mbjj—mt) _I_(mblv_mt)z
W w t t

M,,=80GeV | | M,=175GeV
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Top Event Reconstruction

= Matching final state objects to the partons in kinematic x? fitter:
M Leading 4 jets

M Lepton \5

M Un-clustered energy for missing Et calculation e \\.\t
= Constrain top and leptonic W mass "w- i &

= Vary energies within 1o in the fitter N

v

Reconstructed di-jet mass in top decays
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Analysis Method

@

1. Improvement
on di-jet mass

resolution
= @
2. Di-jet mass fit
with binned
likelihood
\/ r 1%
i 3.Evaluate
» Systematic
Uncertainties
= G

4. Set the

upper limits on
the br(t>H*b)




Di-jet Mass vs. Number of Jets

Good Higgs

M(H), 4 jets M(H), > 4 jets Others bad
~ -
2. 2 hjets b o F
Emnn_ = h+|:lrrlep E 4555
~ [ @@ h+bhad r; 4005
§' soo—[_] 2 bjets §- 350E-
s _ [l NoGooddjets = -
e I S 3000
= oo “ 2501
200F
ot 150F- 43% of events
200 1nn§ has > 4 _jetS
]
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= Worse Higgs di-jet mass resolution with additional jets in tt
= Energy loss by final state radiation from the Higgs particle
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Improvement on Di-jet Mass

é AR
M(120 GeV/c? H'), njets>4

2500 [ dijet T = Add 5™ jet to the closest leading jet
- [Jadd 5th jet if AR<1.0

4ﬂﬂ_—

K - M Jet cone size : 0.4
3001 i 5t jet = the most energetic extra jet

= The overall mean mass
:Ll M 103.3+21.8 GeV = 105.7+20.8 GeV

2001

1001

= 100 GeV<M(H+)<140 GeV
1 M Entries increased by 7.4%

uﬂ_IHZI.'I 40 60 80 100 120 140 1Edl'llﬁﬂ -
meyeevey = Not affect on W+ and non-tt bkgd

Reconstruct di-jet mass after adding nearby 5™ jet
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Extracting br(t>H*b)

P S
LH = H I i) ® G(*'Nrbk.gﬂ Ubkg)
A
= The binned likelihood function is Template Distribution
constructed using: T E—
M Poisson probability £ [ — Higgs(120GeV)
M Gaussian constraints on number of 51203_:‘;@ .
non-tt background 5 10gL | ® Pseudo Data
= Di-jet mass distribution is fitted with = | J Ly
the template : sor
@ H*W-*, and non-tt shape sol 1
= Likelihood fitter returns -
@ Br(t>H*b) where br(H*>cs )=100% N .
¥ Total number of tt 20 [
¥ Number of non-tt background N o n R I
= We study Higgs mass values at DA O et [GOVICH

M 90 GeV, 100 GeV, ..., 150 GeV
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Systematic Uncertainties

Total uncertainties

=
o
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The systematic uncertainties are symmetrized and are put into as a
Gaussian input for smearing the likelihood value in each br(t->H+Db)
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Upper Limit on Br(t=>H*b)

Likelihood Function Example

Arbitrary
T _r T

= Upper limit on the

brt>H*b) is calculated by N\ 77 Brit = H'b) @ 95% C.L.

M Integration of the likelihood
function up to 95% of positive
(physical) branching ratio area

M Projection onto x-axis is the
upper limit on the branching
ratio at 95% C.L.

— Likelihood shape

11 | 1111 | 1111 | | | | | | Ll Ll | Ll Ll | Ll Ll | |
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Br(t —» H'b) with all H - ¢s
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Expected Limit on Br(t->H*b)

SM Expected Upper Limits
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Di-jet Mass in 2.2 fb! Top Decays

Di-jet mass in top decays [CDF Runll Preliminary]
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Upper Limit Br(t>H*b) @ 95% C.L.

CDF Run Il Preliminary [2.2fb'1]

ky 0.7 :
L | . : : :
T-l]E: . —a— 95% C.L. data
b DB o SYe e MRl
I C . —95% C.L.
w C
£ 0.5 1 band
= C
E' -
0.4
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T N
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Conclusion

=Search for the charged Higgs in lepton+jets
top decays

MLook for an anomalous mass bump in di-jet mass
distribution in hadronic side top decays

MDi-jet mass resolution is improved by adding up
near by extra jet to the closest leading jet

=Looking at the 2.2fb-! of CDF data

MNo significant excess in the di-jet mass distribution
MSet the upper limit on br(t>H*b), 0.32 to 0.1,
for Higgs mass, 90 GeV — 150 GeV.
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BACKUP SLIDES
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Assume 120 GeV H* events in top decays

Di-jet mass in top decays [CDF Runll Preliminary]

&, 40F
% E jL=2_210_1|b"
O 35 b
S T Qe = The top events including H*
£ 300 e (dashed) vs. top (yellow) events
> e without H*
< 25 senans Br(t— H'(120GeV) b) = 0.1
C sesres WeHiggs(120GeV)+non-tT
200 = The charged Higgs entries
150 corresponds to upper limit on
- brt>H+b) = 0.1 @ 95% C.L.
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How the 5t jet is distributed

=The 5t jet intt events from Higgs particle (FSR) or incoming quarks (ISR)

AR(jetlrjetz) - \/(njetl B r]jet2 )2 +((Pjet1 - (PjetZ )2

5t jet added to Higgs jet

78% is a \
real FSR _\_FSR-Higgs jet
Higgs jet. Jash
£ 4- :
I*J'-:Ja.s—
S
255
155 g
£ glfﬁm __________________________________
0.5 f’

AR(5t™ jet,h-jet) in X-axis
AR(5t™ jet,b-jet) in Y-axis
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I T TR Y N YR
A R(5thj,h-jet)

5t jet added to b-jet
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Non-ttbar background composition

Background shape [CDF Runll 2.2 fb'1]

n'g'ns:_ ——— CDF Run II Preliminary (2.2 fb=1)
= [ s-ch st Process > 4 tight jets fraction(%)
S 07 %tth Sf)+ # di-boson(WW /ZZ /WZ) 0.7+ 0.1 0.4
g c Clno;tl:h: " s-channel single Top 1.0 & 0.1 0.5
§ 0.6 O w+uidss t-channel single Top 0.8 + 0.1 0.5
g sk Z+1f 0.5 + 0.1 0.3
- W-+bb 5.6 + 2.3 3.4
04— W+ce/W+c 1.9 £ 0.8 1.1
- W1f 1.9 £ 0.6 1.1
0.3 non-W 1.6 + 3.3 0.9
02f non-tt 130 £ 75 8.4
= tt (6.7pb) 1526 £:25.0 91.6
0.1 Total Prediction 166.5 +.32.4 100
0 o Observed 200
0 20 40 60 30 100 120 140 160

M(di-jet) [GeV/c']
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MSSM exclusion

t —» H' b search CDF Run I
Excluded 95 %CL m= 175 GeV/c? [Ldt=193 pb’
160 160
)
7%/ — SM Expected \\(
140 E sMt 1o Expected \1-"-“]
o % %é [ CODF Run Il Excluded %é \
5?-12“7%/%: [] LEP Excluded ﬁ: %12(]
o  E§e g3
©100F ££ ££ 1100
777 HI
£ 80 ?ﬁfffxﬂ*’ —80
B LEP (ALEPH, DELPHI, L3 and OPAL) i
60 — Assuming H'—tv or H— c8 only — 60
| | | I I I | | | I I [ I I | I | 1 1 1 1 111 | |
10" 10°

10
tan(p)

M s, =1000 GeVic®, p=-200 GeVic?, A=A,=Y6M, ., +pitan(f), A.=500 GeV/c’
M,=0.498*M,, M,=200 GeV/c®, M;=800 GeVic®, M,=M,=M,=M=M =Mz,

R. Eusebi et al., The CDF Collaboration, Phys. Rev. Lett. 96, 042003 (2006)

This is the typical benchmark scenario developed for the search of hO at LEP
(hep-ph/9912223). The value of At is computed as a function of tan(p), allowing
for the maximum mass of the hO for each value of tan(p).
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Branching ratio for other Higgs mass

M,,=100 GeV M,,=140 GeV
o 1= o 1=
s s B
o, - H* decays to o H: decays to
-E B ™ E | - ™v
% : —CS % : —C§
@ o —tb & 0.6 —tb
L —W'h B —W*h
- W'A° - WA°
VAR N BR(t— H'b) B BR(t— H'b) _.5
Oiﬁc‘f—_-‘ﬂ‘_‘_-:.z ........ —— — : ------------------ ‘/_
1 Il | 1 1 1 | 1 ‘ 1 Il 1
1 10 1 10
tan(B) tan(p)
2m
tanf=—2 vy +vy=—
sv1 2
Vi g
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JES uncertainties | MC Gen. uncertainties
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1 E — mhan I E — mhan
& 006l mh100 S o06F mh100
= F h110 = F mh110
0.05F mh120 005 mhi120

mh130 F mh130

Uncertainties FlEE R

.oz 0.02 e

I n deta I | {I_ﬂl; {I_DIE—
O 0.02 0.0 0.06 .06 0.1 0.120.14 0-16 018 0.2 00700 0.06 0.08 0.1 0.120.140-16.0-18 0.2
Br(t — Hb) with all H* - ¢5 Brit — H’b) with all H* — ¢
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= Jet energy scale correction o e
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= Selection of MC generator soef o s .
(Pythia vs. Herwig)

= Initial State Radiation
= Final State Radiation WERTMRI I, VORRG
= Q‘ scale difference for W+jets

. Background shape uncertainties. B-tag eff. uncertainties
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Likelihood Integrity
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mh120, Output vs. Input
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mh150, Output vs. Input
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