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% Plan of the Talk

» Motivation for rare B-decay Channels

» Searches at Tevatron
» DJICDF Detectors
» Analysis

> Results



Motivation

» di-leptonic decay modes of By 4 mesons are of
type Flavor Changing Neutral Current

“* Forbidden in the Standard Model at tree level
“+ Can proceed at higher order diagram

uc,t?y AU,E,E

o |
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w SM Branching Fractions

» Estimated SM Branching fraction very small
DB, D) =(3.4+0.4)x10°

P By 2utp) =(1.5+£0.9)x 107
“*Suppressed by |V,/V,|? ~0.04

DB, Duu ® =(1.6+0.5)x 10°

»SUSY motivated models can enhance branching
fraction significantly

4-9 July 2005 Hadron Co!lider Physicg Symposium, 4
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Searches at Tevatron

Antiproton Protomn T MAIN INJECTOR
Direction Direction

/ TARGET HALL

& ANTIPROTOMN
AR SOURCE
TEVATRON Qﬁ BOOSTER
1.96 TeV LINAC
N COCKCROET-WALTON

o, = 150 ub (1nb at B-factory)

NEUTRINO Copious production of all

flavors of B mesons
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DY Detector

Forward Mini-drift |
chambers

Central Scintillator |

Calorimeter

| Forward Scintillator

New Solenoid, Tracking System I L

Si, SciFi, Preshowers 0

v 1 Coverage 1| < 2

v o(Py) ~0.2P;%

v PV: ¢ ~ 35 um (r-¢)
c ~ 80 um (r-z)

v 8V: 6~ 40 um (r-¢)
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CDF Detector

o 3
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Methodology

» ldentify di-muon candidates around signal mass region
“» Use displaced vertex, isolation etc. to eliminate background
<+ Estimate no. of signal events and eff. in the signal mass region

»Use B* 2 J/y K* decay mode to get relative acceptance,

trigger, reconstruction efficiency
< Systematic effects cancels out

» Get Branching fraction using,

B(B)< N gi;&, ?(Bi—z]/y/Ki)jg(J/w st )

Bs Bd Bs
NB* & fb—l‘*ﬂs /fb_:'-Bu,cz’ + R & /g##

SR =B(B> pru)B(B> prp) ~ 1/25

“*Due to limited D& Mass resolution B and B mass distribution

cannot be
completely separated
4-9 July 2005 Hadron Collider Physics Symposium, 8
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» Good Primary Vertex

Event Selection

h

» Good Muon tracks above certain p,
» Good Secondary Vertex around Signal Mass

. O
.
.
.
.
.
.
.
.
.
.
.
.
.

> Isolation | =

4-9 July 2005

»Pointing Angle: Angle between B,
candidate’s momentum vector and SV
displacement vector

»Decay Length Significance: L/sL

P(Bs)

p(B,) + Scalar Sum of non-muonic

tracks momentum (AR<1) AR = \/Ayf + AD?

Hadron Collider Physics Symposium,
Les Diablerets, Switzerland



w Sideband and Signal Regions

DY CDF
di-muon mass
resolution c=90 0=25
(MeVic?)
Left Sideband Mg, =90 <M <mg, - 30 Mg, - 280 <M <mg, - 80
region (AM = 540 MeV) (AM = 500 MeV)
Right Sideband Mg, +30 <M <mg, +90 Mg, + 40 <M <mg, + 240
region (AM = 540 MeV) (AM = 500 MeV)
Initial Signal Mg, -30 <M <mg, +30 mg, -80 <M <mg +40
region (AM = 540 MeV) (AM = 300 MeV)
Final Signal Mg, =20 <M<mg,+20 | mg,—2.50 <M <mg +2.50
Region (AM = 360 MeV) (AM = 125 MeV)
4-9 July 2005 Hadron Collider Physics Symposium, 10
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DY Event Selection (B, > p* y-)

Definition Value # of
Candidates
Good Vertex 5,826,444
Mass Window (GeVi/c?) 45<m, <7.0 615,873 S
Muon Quality Two medium 399,136 &
X2/d.o.f. of SV <10 253,321 g>
Muon p, (GeV/c) >2.5 154,305 3
In|<2.0 <2.0 149,791 T
Tracking Hits CFT>3, SMT>2 110,099 ®
5L, (um) <150 107,925 l:
P, of B_ (GeVic) > 5.0 45,696 o
Pointing Angle: o (rad) <0.2 3923 =
L,/ oL, >18.5 36 'g_
Isolation > 0.6 28 N
Normalization decay:
Bt > J/y+K¢
X2/d.o.f. of SV < 5‘;
Kaon p, (GeV/c) > 0. -
Cos(a) in Tr.plane >0.9 NBi =206+ 35122

11



w Optimization

Arpitrary

Cuts obtained using random grid search and Punzi’s
optimization procedure

B < g,,(Bs) is reconstruction eff. at pre-selection level

£
P p— aca *» a=2 for 95%C.L.

al2+ N,

ack < Overall Signal Eff. (38.6 £ 0.7)%

10— 1 > 107 >
gies D& '8 DD cut .. |8 10 [ g3494 DO
< | 3
0% | 107 "
97.4%
47.5% := °
10 10
e T e v LI i
0 20 40 60 80 02 04 06 08 1 0 1 2 3
Decay length significance |solation Pointing angle [rad]
4-9 July 2005 Hadron Collider Physics Symposium, 12
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Mass Distributions

—~ 2F
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CDF Event Selection (L = 364/336 pb-1)

Definition Value
Baseline requirement:
Trigger Match, Good Run, at least one of the dimuon trigger,
Track Quality track satisfying COT/Silicon requirements
Muon Quality p>2.0 (2.2) GeV in CMU (CMX)
B-hadron p{B)>4 GeV and |y(B)|<1
Vertex requirement:
p*p-Vertex X?<15, L;p<1.0cm, 0;5<0.0150 cm
4.669 <M, < 5.969 GeV
Proper Decay Length (A) 0<A<03cm and Ao(A)>2
Surviving Events: 22459 (14305) in CMU-CMU (CMU-CMX)
Additional Cuts: Iso > 0.50 and Aa<0.7 rad
Surviving Events: 6242 (4908) in CMU-CMU (CMU-CMX)
4-9 July 2005 Hadron Collider Physics Symposium,
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CDF: Relative likelihood Parameter

LH = HiPs (xi) Xj =» Isolation, Pointing Angle,
o Proper decay length
I1.P(x)+II,P(x,)
] ]
CDF Preliminary = .

10° CMU-CMU § os] CDF Pr?ll_mlnary

§ 364 pb™ = Bs@™H M i

= 364 pb’
0.4 4 '
histogram: Data g Slgnal

2 points: toyMC E= (Pythia MC)
10 3 Z 0.3

] —

02{| Background
(data sidebands)

10 A

: 0.1

] pr(B)>4 GeVic, m(w)|<0.6, A>0

O 0.10.20.30.40.50.60.70.809 1 o 010205040506070800 1

Likelihood . ) ; : ) . . . .

Likelihood

LH Cut optimized for the sensitivity:
LH>0.99 =» Signal Efficiency ~ 38%
background rejection of 99.9% (NOT applied on B* data events) 1°



entries / 100 MeV/c?

Mass Distributions

x2 / ndf 8.516 / 10
Prob 0.5785 o~ 3 1
o o _
PO 6398 £ 185.7 = CDF Preliminary 364 pb
pl -878.3 + 34.57 D + -
20004 = Bs(d)ﬁu (80 = % cCMU-CMU
o S S
S € £
J =
1500 _g 2 i §
= S <
[ Cc O
D L a
=] m
10004 sideband o sideband
LH;OQ > «—F 7 « >
9‘~§
5004 CDF Preliminary
364 pb™* m@)|<0.6
after baseline + vertex requirements
o
48 5 52 54 56 58, 48 5 52 54 56 58
W M,, / GeV/c?
- p " oasiz
=y L Norm 322.1+ 12.2
% CD': Prlellmlnary + Mean 5.28 + 0.0003826
= 4004 364 pb Sigma  0.01084 * 0.0003798
Lo Intrcpt 152.6 + 74.61
; Slope -9.954 + 14.14
==
= 3004 .
D N(B )=1785+60
pr(B)=4 GeV/c
2004 mM@v|<0.6
1004 e ; +-I-
o T T r T r T
5.15 52 525 5.3 5.35 5.4
invariant mass / Gev/c?
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w

Branching Fraction

DJ CDF
Value Error Value Error
o8 / o5 0.229 6.9% | 0.274 | 7.7% (CMU)
K | 0.174 | 7.8% (CMX)
N . 906 4.6% 1785 3.4%
B 696 5.6%
f;ers, /ﬁ?_}ﬁm 0.270 12.7% 0.270 12.7%
10° x B(B* > 5.880 4.4% 5.880 4.4%
JIW(2p p) K)
gLH 0.378 10%
B 0.391 6%
Cum. Error 15.8% ~18%
Exp. Ny, 4.3 28% 0.81 15%
0.66 20%
Obs. Events 4 0
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w Branching Fractions contd.

> CDF Results
“B(B, 2 pHp)
v'<1.5(2.0) x 107 at 90% (95%) CL (L = 364/336 pb-)

“B(By 2 pp)
v <3.8(4.9) x108 at 90% (95%) CL (L = 364/336 pb)
v <8.3 x10-8 at 90% CL by BaBar (L =111 fb-)

» DI Results (L=300pb-1)
> B(Bs 2 W)
v <3.0(3.7) x10-"at 90% (95%) CL using F.C. procedure
v <3.2(4.0) x107at 90% (95%) CL using Bayesian method

4-9 July 2005 Hadron Co!lider Physicg Symposium, 18
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w SUSY Sensitivity

In 2 Higgs Doublet Model (2HDM), BF
primarily depends tanf3 and Mass of H

» BF a (tanp)4
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SUSY Sensitivity
In MSSM Model BF a (tanB)®

107 = T v T T [ T T 1 — T T [ T T T [ T T T [ TJ
- CMSSM, u =0 1 ¢©
C - s tanp =10 1
= - e tanp=50 A =0 = C‘:II
B % tanp = 50, A = +m_ IR
1077 'h...-. tanp = 50, A, = -m,_ _ g
L= - L s tanp =50, A, =+2m,, ] E
j;'* - LBE*BBG e o tanp=50,A;=-2m,, H &
B 1 1
mm i o - - i Q
x [m]
= ;\ﬁﬁ.\ E
107° =2 o 2l = =
- Qo o o Lt =
_10—9 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1
200 400 G600 800 1000 1200 1400
m, ., [GeV]
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w Search forB, > p* yp @

» Similar methodology
» Normalization using B, 2 J/y ®

> Similar Pre-selection criteria similar

> Additional criteria on Kaon p, (>0.7 GeV) and ®
mass range (1.008 < my, < 1.032)
» # of candidates 2602

» Final Cuts
» Pointing Angle < 0.1 rad, L/6L>10.3, Iso > 0.72
» Overall Efficiency 54 * 3%
» Observed Events 0
» Expected background 1.6 £ 0.4

4-9 July 2005 Hadron Co!lider Physicg Symposium, 21
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Definition Value # of Events

Good Vertex 1,555,320

Mass Window (GeV/c?) 0.5<m, <44 530,892

Excl. J/y,¥(2S)

Muon Quality Two medium 276,875

X?/d.o.f. of vertex <10 127,509

Muon p, (GeV/c) >2.5 73,555

In|<2.0 <2.0 72,350

Tracking Hits CFT>3, SMT>2 58,012

SL,, (um) <150 54,752

P, of B, (GeVi/c) >5.0 54,399

B, X?/d.o.f < 36 53195

Kaon p, >0.7 9639

® Mass 1.008 <mg < 1.032 2602

Pointing Angle: a (rad) <0.1

L,/ SL,, >10.3

Isolation >0.72 8

4-9 July 2005 Hadron Collider Physics Symposium,

Les Diablerets, Switzerland

DY Event Selection (B 2 u* p®)

Mass region definitions

¢ Total region of interest

v’ 4.516 - 6.136 GeV
AM = 1620 MeV

s Signal Region
v'Optimization: 5.056-5.596
AM = 540 MeV
v'Final: 5.138 - 5.513
AM = 375 MeV

ssBackground
v'Sideband-I 4.516-5.056

v'Sideband-Il 5.596-6.136
AM = 540 MeV

Normalization Channel
B, 2> Jy o
v'Same Cuts
vNg, =73 £ 10

22



Uncertainties (B, 2 p* p ®)

Source Relative Uncertainty (%)
B(B, > JIy D) 36
B(JIp>pp) 1.7
€y1y/€puo 7.5
#of B> u p® 13.7
MC Weighting 3.5
CP Odd/Even lifetime difference 8.0
Total 18
Background Uncertainty 25
4-9 July 2005 Hadron Collider Physics Symposium,

Les Diablerets, Switzerland



~ 2 _ .
o 1.6f DO Run Il Preliminary 3 D@ Run Il Preliminary
S 16f Signal region s 0 BY - Jhy 0
O 14F 25F _
s | 0 25 Ny, =73+10
vl-zl? Sideband 1 Sideband 2 N b :
N - =
Dog % 15}

0.6 =
§0.4f— g 105
W nok -

0.2 s

%46 48 5 52 54 56 58 6 . #

¥
2.9 5 51 52 53 54 55 56 57 58 5.9

. b 2
Invariant mass ) [Gevie Invariant mass(u* u K*K) [GeV/cz]

&
Ng s =T73110, —7¥£=280+021, BB —J/pp)=(9.3+3.3)10"*
& e
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Results

CDF DO Standard Model
(£ 364/336 pb) | (L 300 pb-) Br::e.dli:;icot:‘on
95% CL Limit 95% CL Limit

<20 x107 <37 x107 34+04x10°

P <4.9 x108 1.5+ 0.9 x 1010

% <41 x 106 1.6 £0.5x10°

Lot of new data to be included Integrated Luminosity inching toward fb-1

4-9 July 2005 Hadron Co!lider Physicg Symposium, o5
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Decay Channels

Byg 2 BT I
SM Main Contributing Diagrams

uc,t?y AU,E,E

o |

w’ |
Estimated SM Branching Fractions
B(B,2> ') =(3.4204)x109 !
B(By=2> p'y) =(1.5%£0.9) x 10-1°!
4-9 July 2005 Hadron Collider Physics Symposium, 27
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Decay Channels

B> e
W
b v —e— | b
S S u, C,t
yU,C,t Y y
(1)
2—4—4vv\/\/\/\/vvu—>— S
W | S
SM Branching Fraction
(1.6 £ 0.5) x 10-°
4-9 July 2005 Hadron Collider Physics Symposium, 28

Les Diablerets, Switzerland



w Feldman Cousins Method @

“*Assume that there is only background, n,
**For each value of n find a 95% CL upper

o obs?’
limit “(nobsv nback)
- 00 (nbaCk)nobs B
< /u(nback) > = Z :u(nobs’ nback) exp( nback)
Nops =0 (nobs ) -

4-9 July 2005 Hadron Co!lider Physicg Symposium, 29
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w PDG/DZ Values

PDG DY

J/p Mass 3.097 GeV 3.072 GeV
B, Mass 5.279 GeV 5.242 GeV
B, Mass 5.369 GeV 5.331 GeV
B(J/@>p M) (5.880.10)*10-2

B(B* 2> Jly K*) (5.88+0.26)*10°°

with J/y>u

B(B, =2 Jly @) (9.3 %3.3) x 10

B(By =2 M M) (3.4 £0.4) x 10°

BBy 2> M M) (1.5 £ 0.9) x 101

4-9 July 2005 Hadron Collider Physics Symposium, 30
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D& Branching Fraction

» Trigger Efficiency
» Simulate B* - J/y K* and B, &> u* p-
> Re-weight MC sample w.r.t. p, of observed p, distribution B*
candidates
> g,,(By)e, (B;) =0.229 + 0.008 + 0.014 (6.9%)

> Ng,=906%35 t 22 (4.6%)

> fJf,4=0.270 £ 0.034 (12.7%)

> BB > Jlg(=>p M) K*) =(5.880 + 0.235) x 10° (4.4%)

» Expected Background: 4.3 * 1.2 (28%)

» Observed Events: 4

> B(B, 2 p* p) <3.7 (3.0) 107 at 95%(90%) C.L. using F.C. scheme

> B(B, 2> p* p) <4.0(3.2) 107 at 95%(90%) C.L. using Bayesian
scheme

4-9 July 2005 Hadron Collider Physics Symposium, 31
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CDF Branching Fraction

>

“* Relative Acceptance/Trigger/Reco. Efficiency

“ Simulate B* - J/y K* and B, &> u* p-

< Re-weight MC sample w.r.t. pt of observed p, distribution B*
candidates

2 £,,(By)le, (B,) = 0.229 + 0.008 £ 0.014 (6.9%)xxx
N(B*) =1785 £ 60 (3.4%) 696 * 39 (5.6%)
f/f,q=0.270 1 0.034 (12.7%)
B(B* 2 JIy(=>u ) K*) =(5.880 = 0.235) x 10 (4.4%)
Exp. Background: 0.81* 0.12 (14.8%) 0.66* 0.13 (19.7%)
Observed Events: 0
B(B 2> p* p) < 3.7 (3.0) 107 at 95%(90%) CL using F.C. scheme
» B(B, 2> u* W) <4.0 (3.2) 107 at 95%(90%) CL using Baysian
scheme
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