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OUTLINE

= Flavor Changing Neutral Current B decays
Bs,d% ptp-
DO 2 utpu-
B,y 2 ete-
= Lepton Flavor Violation
Bs,de eu
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FCNC B,D decays

FCNC decays are suppressed at tree level. For DO it is also very much
suppresed by GIM mechanism. The basic SM Feynman diagrams are:
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)  The CDF detector
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@ Good tracking resolution,
o(pr)/P% ~ 0.1% GeV !
@ Precise mass resolution

@ Silicon Vertex Detector

o Excellent vertex resolution
east @ Crucial for triggering

@ Large acceptance and good ID
for leptons

@ Kaon/pion separation

@ dE/dX inthe COT
@ Time of Flight
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| in,lerﬁ ap+ F:‘?‘ig £’ E_|C“_-i'l ] f L o
BR(B, — ptu™) = — - . B —— BR(BT — J/YK* — ptpu KT)
Ng+ (YR, F‘Ef ; fﬂ B, _fs
CMU-CMU CMU-CMX
(ap+ /ap,) 0.297 + 0.020 (£7%) 0.191 + 0.013 (£7%)
Gl %) 0.9930 + 0.0002 (-) 0.9956 + 0.0004 (-)
qe’-"f-fﬂyemﬂ ) 0.80 + 0.04 (£4%) 0.88 + 0.04 (£4%)
e¥N(NN > 0.80) 0.779 + 0.047 (+6%) 0.790 + 0.047 (£6%)
Np+ 8117 + 137 (+£2%) 3270 + 90 (+3%)
ful fs Al 3.86 + 0.59 (£15%) 3.86 + 0.59 +15%)
BR(B* |~ J/ypK+ — ptut K+)J \(5,94 +0.21) x 1075 (+4%) | (5.94+£0.21) x 107°  (£4%)
| [ Se5 | [ 0507 x10° (F18%) | (15E10)x 10°  (£18%) |

Single event sensitivity: BR with Nz =1

Neural Net
Acceptances

W. M. Yao et al.[Particle Data Group|,J. Phys. G 33,1(2006).
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Trigger: Di-muon for rare decays ( Dynamic pre-scale for a
fraction of data)

Common pre-Selection to B 4,B™: trigger match, good run,
track and muon quality, silicon vertex quality, fiducial
requirements to avoid regions of rapidly changing trigger
efficiencies, kinematical cuts of B-hadron

Bs g2 1p selection: 3D-vertex quality of dimuon, isolation,
pointing angle of the B flight direction to the collision point,
proper decay length significance

B*>J/y K selection: Invariant mass of dimuons, K track
quality, three track vertex quality, isolation, pointing angle
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IE B=2> uu

Monte Carlo Samples: B>, to estimate the signal efficiency and train the NN, and B*>J/y
K* to estimate some selection requirements and cross-check MC modeling of NN
discriminant, both tuned Pythia+EvtGen

Selection: Neural network, inputs: proper decay length, 3D opening angle between B flight
direction and decay vertex, Isolation, proper decay length significance, transverse momentum
of Band u

- We performed an unbiased optimization using signal MC and sideband data for background

- We made a separate estimate of the background for two-body hadronic decays, for each
mass and NN bin. It is about ten times smaller
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L fa o
, u N Lt -
Eg:g e ng. fs -BR(BT™ — J/YvK* — uTp KT)
Two-dimensional fitter. Each NN-mass bin is a single-bin counting

experiment (shape templates from: MC for signal and data sidebands fitting

+ B—>hh, for background)
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http://arxiv.org/abs/0712.1708

B (B, > ) and Cosmological Connection

95% CL Limits on B(Bs — uu)
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B (B, — 1) and Cosmological Connection

95% CL Limits on B(Bs — uu)
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B (B, > ) and Cosmological Connection

95% CL Limits on B(B ¢ — uu) mSUGRA at tanf= 50
= Arnowitt, Dutta, et al., PLB 538 (2002) 121
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B (B, — 1) and Cosmological Connection

95% CL Limits on B(Bs — uu)
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B (B, — 1) and Cosmological Connection

95% CL Limits on B(Bs — uu)

mSUGRA at tanf =50
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Limits in B~ up CMSSM

tanB=57, n>0
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all uncertainties (A,=0, p>0)

J. Ellis et al. hep-ph/0504196v2 (Nov 2005)
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June,6,2009

B> uu analysis progress

sIncreasing statistics ( 4 fb-! well advanced)

sImproving trigger acceptance ( two-track trigger, 15%
more statistics)

«Improving dimuon trigger acceptance ( 12% more
atistics)

*Detector effects studied. Normalization mode well
understood
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Run 2 Luminosity Progress

| Colligar Rumn || Peak Lumianosity ‘

| Record peak inst. luminosity
3.6E10¥2cm2s
g v Record luminosity/week
- 73 pb*
i Record luminosity/month
250 pb™
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Collider Run |l Integrated Luminosity
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100 times more data
than used for Top quark dizcovery !_
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Expectations

Data Taking Efficiency
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CDF BR(B,—u*1’) Projection
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6.8 fb'! delivered => 5.8 fb'! recorded (83%) A

Good with Silicon = 5.1 fb! | IR
2

10
Integrated Luminosity (fb™)

Expected limits calculated using published CLs based method and
scaling of normalization mode and backgrounds linearly.

May be slightly conservative since NN binning could be reoptimized
and new dE/dx calibration is improved
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B, ;2 ey (ee) strategy

Events (or Events @ limit)
surviving all selection criteria (incl. Lepton ID) World average

N(BY — &™) Br(BY— K*n) - fp i

Br(BY - ¢"y) =
B =) oo N(B) = K1)

Fit to B->hh spectrum of
The Result evts. surviving all but Bs only:
lepton ID selection biggest contribution
to systematic uncertaint
Relative efficiency:

MC for kinematics and mass window efficiency
CDF measurements (J/Psi,photon conversions)
for lepton ID efficiency and acceptance
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B, ee, eu

Trigger: Two-track trigger

Common pre-Selection to B ;: trigger match, good run, track quality, silicon vertex
quality, fiducial requirements, kinematical cuts of B-hadron, 3D-vertex quality of B-
hadron candidate, isolation, pointing angle of the B flight direction to the collision point

CDF RUN Il Preliminary (2 fb”)

B; 4 signal

Same procedure as in B->hh

o
3
= Physics .
5 Background analysis (PRL 97, 211802 2006)
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> 800 2 ook
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Invariant tr-mass[GeV/c?]
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http://arxiv.org/abs/hep-ex/0607021

B, ee, eu
Electron, muon identification:

Electrons: dE/dX in the drift chamber, E, _ /E

m»E/P,matching to the calorimeter towers,
shower profile,...

Muons: Track-muon chambers matching, ..
CDF Run 2 Preliminary

2 004F Cut optimization: made with data for
- track tum = 2 GeV/ —— &t [y . 00
S e e background ( sidebands) and MC or fitting
- o . - sr*(D‘—)D'J:rrs:Du—sKn) .
B ook &; Ly & o st e o data for signal
E s - Y, WS . 0 Ml i
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SRR ERRN.
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CDF RUN Il Preliminary ( 2 fo” )
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B, ;= eu search

Search for ep candidates, in the + - 3c mass window around the B, 4
mass, by using the identification cuts

4
, Background estimation

~, 3 R e (combinatorial from the
S o o sidebands, double fake
2 T 7 from B->hh):
= _ Sideband o0 o Sideband
8 2 0.8 +- 0.6, B,
= L EE T PP > S -— . S L LLLLCEr T >
o ¥ 0.9 +- 0.6, B
w 1

[ 1 | | | 1 L1 | L1 1 | 1 | 1 | | | 1 | L1 | | | L1 | L1 | 1 | [ 1 | | | | L1 |
2.8 49 5.0 51 52 53 54 55 56 57 58
+ o 2
Me u) GeVic
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stdéeu reSUItS PRL 102, 201801 (2009)

Source values ABr(B? — etu™) | ABr(B) — etu™)

N(B’ — K*r~) | 6387.0 + 214.4 3.4% 3.4%
BR(B" — Km) |(19.440.6) x 107° | 3.1% 3.1%
oo/ [0 3.86 £ 0.59 15.3% -
Bt 0.2071£0.0158 | 7.6% -
i 0.2097 £0.0123 |- 5.9%
Total 17.7% 7.5%

Systematic uncertainties on the limits of BR (B, ;2>ep)

Run Il (L= 2fb-1) results at 90 (95) % CL.:
Br(B,—e*u) <2.0 (2.6) x 107
Br(B,—e*y’) < 6.4 (7.9) x 1038
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B, ;2eu limits on Pati-Salam leptoquark masses

= 2 4 F2 3 2 -1 _ mp, jas(Mpg)y—a/7 as(me) \—12/2
B(Bs2eu) = m o (M g) M o F25, Mg R? 1571 R =T (g ) Gy %
10°
N 0 7
- B(B, : en) <2.0(2.6)x10 2@ 90 (95)% C.L.
- -> > 47.8(44. % C.L.
" esucL I'."I,_Q(Bs eun)>47.8(44.9) TeVic" @ 90 (95)% C.L
[ G. Valencia, S. Willenbrock, PRD 50:6843 (1994)
=L 90% C.L with: 1(B ) =1.470 +0.027 ps
i’ m(B_) = 5.3663 + 0.0006 GeVi/c
! 107 |— m, =420 +0.17 GeVic?
T’ = F(B) =0.200 +0.014 GeV
S — i
m -
1u-8 1 1 | 1 1 1 1 | 1 I.‘E:I "' | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 " FERH Bo
30 40 50 60 70 80 90 100

M o(B] -> e ) [ TeVic?]

M, (B,>ep) >47.8(44.9) TeV/c2, at 90(95)% CL
M, (B,>ep) >59.3(56.3) TeV/ c2, at 90(95)% CL
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Events/20MeV/c?

B, ,~ee search

Search for candidates, in the (+3, —6)c

mass

mass, by using the identification cuts

4
3 o '©
+GJ +CD
T 0
,|_Sideband ™ o Sideband

L]

i

June,6,2009

4.9

5.0

54 52 53 54 55 56 57
+ 2
M(e e) GeVlc
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5.8

window around the B,

Background
estimation
(combinatorial from
the sidebands, double
fake from B—>hh):
2.7+-1.8, Bs or Bd



BS d%ee reSUItS PRL 102, 201801 (2009)

Source values ABr(BY — efe”) | ABr(B) — efe)
N(B" — K*n~) | 6387.0 £ 214.4 3.4% 3.4%

BR(B’ — Km) | (19.440.6)x107°|3.1% 3.1%

e/ B0 3.86 £ 0.59 15.3% -

€0 et em 0.1290 4 0.011 8.9% -

€30t 0.1278 £ 0.011 - 8.9%

Total 18.3% 10.0%

Systematic uncertainties on the limits of BR (B, ;>ee)

Run Il (L= 2fb-1) results at 90 (95) % CL.:
Br(B,—e*e’) <2.8 (3.7) x 107
Br(B,—e*e’) < 8.3 (10.6) x 103
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A D> pp

‘ W p
_'_F'W-ﬂ..l_-_

Very suppressed in SM by the GIM G :
mechanism (m’ /m,, no top loop) Bl T
' —— AN ——

u u

pt
Decay rate dominated by long distance contributions : ““DT/

B (D° — 707 )=3%x107" %K
Burdman-Shipsey, Ann.Rev.Nucl.Part.Sci.53:431-499,2003 ”

c i L i FL

Enhancements are possible in B-parity violating
SUSY models

~ ~ 2

B (DY — ) =1 fAmE m "Ill ~1‘HLE ( -Iﬂw“ﬂk-)
B O J=TooIp TREL 1, V '?HED E|_1Trm'i.

dj;

1
1
1
i
i ]
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D> uu results

N{ptp ol O
B(D" — p*p) = M) el CB(D" — 7rr)

Jn"rr[:W-l_?r_) E(II[,[.+|,[,[.—]

CUF Hun 1l Frehiminary, L=360 ph CUF Hun 1l Frehiminary, L=360 ph CDF Run Il Preliminary, L=360 pt:u'1

T

0
4
%- CMU-CMU :[Eﬂ”i ‘IIII:1 m§ %- CMU-CMX :E?Eﬂu;: 10 eq%, %- CMX-CMX 10° e«%,
= —sahx 3100 B |2 s 3 2|2 10?2
g — Comian. 2 g — Comldn. 10 g
& —EB—pux A10° B & — B— ppX o & e
= — Flat Rate al = — Flat Rate al = 10 °
bt 10 2 103 2
i | R e i bl 1
rog [T U B iy §
107 % 107 % I 107 %
1926 | 1020 1020
L. My 1D-3 'II_II'||I|_._‘I 1D-3 =.|.l-'.'-'|.|..n.|...... 1D-3
2.0 25 3.0 35 0 2.0 25 3.0 35 0 2.0 25 3.0 35 0
up Invariant Maszs [GeVic up Invariant Maszs [Ge\ic up Invariant Maszs [Ge\ic
Dominant BG:
B—=>uuX

Bayesian approach to set CLs combining channels and including uncertainties
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D= uu results
Limits

- A Bayesian calculation yields the following limits
— 4. 3x10° at the 90% credibility level or
— 5.3x107 at the 95% credibility level (CL).

» This translates into a limit on R-parity-violating squark
couplings, at the 90% CL:

AMiihaok < 1.5/ B(D° — ptp~) =9.8 x 10~*

June,6,2009 A.Ruiz-Jimeno (IFCA)



BACKUP
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JPsi: Di-Muon events in the mass range around the JPsi and the Psi(2S).
Either two triggered CMU muons or a CMU muon and a CMX muon.
Rare B: Di-Muon events in an expanded mass range from 0 to 6GeV with tighter cuts.
Either two CMU muons or a CMU muon and a CMX muon with cuts on Lxy or SumPt or alternatively
as CMU or CMX muon and a CMUP(CMU and CMP) muon without requirements on Lxy or SumPt .
Note the two CMU muon version of the trigger has a mass cut of greater than 2.7GeV for part of the data taking period.
BBBar: Di-Muon events in an expanded mass range from 5 to 12GeV. Both muons must be CMUP muons.
Upsilon: Di-Muon events in a mass range around the Upsilon. Either a CMU or CMX muon and a CMUP muon.

| Di-Muon Mass |

CDF Preliminary: ~360pb”

z .
. hy: 2.TM Triggers:
107 ' JPsi
Rare B
] . BBbar
10° ] w(2S): 100K Upsiton
] op
] oAy
4
10 ‘[ N L_I-._,__
: TS Y(1S): 18K
3 | \\ Y(2S): 3.6K
1G E U Y(35):2.0K
5 ——— — —— 5 —

Di-Muon Mass(GeV)
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95% CL Limits:
CDF: 5.8x10-8 (2 fb-1)

June,6,2009

Limits in B~ up CMSSM

-6
10 : T T ] T T T I T T T I T T T I T T T l T T T I T T T T :
C CMSSM, n=>0 1
L . e tanB =10 ]
B v e tanfp=50,A,=0 ]
- @ -
tanp = 50, A, = +m_ ,
= . tanp = 50, A, =-m,, -
_,:; S "N % ". ................................ Nk =50, =2 M.
A - “’88960 L o tanp=50,A,=-2m,, -
I %) i o L i
o, - o7 © e i
o L)
m 8 [e] ...’h.\:
10 :_ a el m ® _:
C e TPV &2
1 ]
SM expectation |
10'9 1 1 l 1 1 1 l ] 1 1 l 1 1 1 l 1 1 1 ll 1 1 1 | 1 1 1 ll 1
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)

%

BR(B, - p"

107

107

CMS3SM, =0, m=1714 GeV

« tanf=10,4,=0
« tanp =10, A =+m,,

tanp =10, Ay =-m,,

tanp =10, Ay =+2m,,
tanp = 1C, ’E‘u =-2 m, .

o Tan B nelaiawaviess B = i phiapd W W

G00 800

m.[5eV] 5.8 x10-8 (CDF, 2 fb-1)

1000

BR(B, > 1’ 1)

10°

—u
=

—a
=

10

oy

-9

tanp =50, A, =0
tanp = 50, A, = =m,

CME3M, p=0,m =1714 GeV

tanp =50, Ay =-m, .

o fanp=30 A =+Im,,
tanp = 50, AJ =-2 m, .

200 400 @00 800 1000 1200 1400 1800 1800 2000

m, . [GeV]

arXiv:0706.0652v1 [hep-ph| 4 Jun 2007

J. Ellis', S. Heinemeyer?, K.A. Olive®, A.M. Weber* and G. Weiglein®

June,6,2009

A.Ruiz-Jimeno (IFCA)



Analysis Outline (cont.)

X'\zftx <15

1.) “Baseline” Selection oLs;p <0.0150 cm.

« Trigger Matching Lsp < 1.0 cm

e COT/Muon/SVX Quality D<A<03cm | EW

« Muon Likelihood and dE/dx B, > uu
Vertex Quality > Neid) =2 <(AZI3 <<517$q)

2.) 6 Variable Neural Net Lok >
Proper decay length ’1:% Bﬂ / y  pu

. S A
Isolation |4, P:(B) ]

pr(B)+ > Pr(AR <1.0)
Pointing Aa (3D opening angle

between the Bs momentum and the
decay axis)

A significance = Ao, ?

|
%
3
v
X

p(Bg) = transverse momentum of the
Bs candidate

p;(u) = transverse momentum of the

lower-momentum-muon-daughter
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CDF Il Preliminary L=2fb™

B2 pp

Background estimation: Blind analysis( both B, and B), from the sidebands of
the dimuon mass distribution data ( also used for optimization)

+-150 MeV/c?, centered on
the world average of B, and

By masses

June,6,2009

-é e 0.80<NNout<0.95 [Prob 0.173]
g j * * CMU-CMU |
j%: |Toﬂ * “0 T "{t MRS ”l ‘:LLu *o*
| RARLY AT
4.8 5 5.2 5.4 5.6 58 M.
.g E- | 0.95<NNout<0.995 [Prob 0.997
£ E
L 5;
il B MH !4 +
Gl pnumigrat AL g
° 2.8 5 5.5 5.4 5.6 5.8 Y.
3 = 0.995<NNout<1.0 [Prob 0.392]
1%—0 . +‘0 0\ /_. / —\. \ .
4.8 5 //{ 5.7 5.6 58 M,

Entries

Entries

Entries

CDF Il Preliminary L=2fb™

[ Prob 0.002417

A
ttﬁ I+I Tlfl v\ : 5.2 t +5.6 1 M+

5.2 5.8

W

0.95<NNout<0.995 [Prob 0.9418

ST

I
S / | | e0ee | & & ||
. . L
5.2

5.4 5.6 58 M

W

[Prob 0.4969

0.995<NNout<1.0

! N L v ! 1
4.8 5 5.2 54 5.6 58 M

W

- Separate estimate of the background for two-body
hadronic decays, for each mass and NN bin.

It is about ten times smaller
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B(D° — utp~

!

) =

Nptu)

N(m+a—)
l )

*Normalization to

DO rtr-,

*Tag to D-=>D0%- with

ﬁ

AM(D™,D%) = 0.144-0.147

* Muon identification
methods to reduce
fakes, estimated from D*
tagged DO>K*n- data

. Backgrouni from MC

CDF Run Il Simulation
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Reduced by probability ratio discriminant using
impact parameter and decay length significance
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