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1. Introduction

2. Analysis procedures
3. B>K'utu-
1. Introduction




e Atroduiction e

 Both B>u*u-and B>K uu~ decay via
FHavor Changing Neutral Current

—Forbidden at tree level in the SM
—> Rare decays

—New physicsin rare decays when new
physics > SM
* Need alot of B eventsto probe the decays
« Tevatron also works as a B-factory :
G,~30ub (lyI<1)

—B*, BY B, B, Ay, 2y, B, Qp, 7%,
 Huge backgrounds (more than x10°3)
* High performance B triggers are required

—Muon trigger can be used for these
searches
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* Non resonant puu decays
via box or penguin
e BR(BO>K™Outu~) ~10°
* New physics:
—Larger BR
—Modify kinematics
e Dimuon mass spectrum
e Angular distributions

* Our Interests:
—-BR
—A g : Forward-backward
asymmetry
—F, : K% longitudinal
polarization

-

Forward-Backward Asymmetry :

(g2, cosdy, > 0) — (g% cosd, < 0)
(g2, cos8), > 0) + (g2, cos8, < 0)

Arg(q®) =




B e T8It in the past

(B>

@ - 1fb! (PRD 79:011104,2009)
~ BR(B*>K*u*u-)= (0.59+0.15+0.04)x 10

KK+ )utp)= (0.81+£0.30+£0.10)x10°

R(B;2outu ) / BR(Bi2>Jyd) < 2.6x103 @95C.L.




@Jmm oublication

CDF Note 10047
e Use 4.4fb 1 of data

« \Various optimizations:

—Improved PID
* Muon : Likelihood ID




e @HSE/ L ONS

Lumi | | B*2>K*utu-| | Be2>K (K )utu-| |B2oputu
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Enough signals to measure A



@ﬁ,ﬁaﬁ@h\ﬂgﬂﬂon measurements

e BR(B*2>K*utu-)
=(0.38+0.05(stat.) £0.03(syst.))*x10°

e BR(B->K*Y(K*r-)utp)
= (1.06+0.14(stat.) £0.09(syst.))x10°




.JDJH-@IEFM abranching fraction

Allowed region by SM
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* ¢? distributions could show a hint of new physics
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First measurement in hadron collisions
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» Competitive results with B-factories







= IR

 SM prediction:

A.J.Buras, hep-ph/0904.4917.

— BR(B;>uu) =(3.6+£0.3)x10°

— BR(B®°> ) =(1.1+£0.1)x10-10

suppressed by [V4/V,?

e Can be enhanced by

— MSSM (BR(B—=> ptp) oc tan® B)

— GUT SO(10)

— SUSY R-parity violating models

e SM signal is beyond the detectors
sensitivity at Tevatron

— Current observation of B->utu~ would
Imply new physics




Jﬁeia@ﬂ published results (2008)

PRL 100,101802(2008)

o Use 2fb! of data
e Use Neural Networks (NN)

» Subdivide the signal | o
region into several NN and T e e e
mass bins

- 15% improvement
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Observed limits@95% C.L.
‘BR(B%>puu) < 1.8x103

Candidates/24 MeV/c?

‘BR(B,~>up) < 5.8x108
(4.9x108 expected)




_Updataal Festiits using 3.7fb !

CDF Note 9892

CDF Preliminary 3.7 fb™

e Same baseline as the published
analysis

* More data
— Added 1.7fb!
___— Additional acceptance gain
il (tracking region) by 12% g
Observed limits@95% C.L.
‘BR(B%>pup) < 7.6x107
(9.1x102 expected)
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-—- Background (Sidebands)

‘BR(B,~>up) <4.3x108
(3.3x108 expected)




j% S~ 7y TESUI TS

o Last published result : 2007, using 1.3fb*
— Likelihood ratio to reduce background

Observed limit @95% C.L PRD 76, 092001(2007)
‘BR(B,>up) <12x10°

. D@, L=1.3fb' (d) D@, L=1.3 fb’
E — B, -

Complicated bkg
parameterization
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_J\J%/J?.nelim*'nary result using 2fb

 Start adding Runllb data D& Note 5344
— Several upgrades (e.g. Layer 0 silicon)
— High instantaneous luminosity
— First 1.3fbt = Run lla, later=Run I1b

— Challenge : High luminosity modeling

5:3 I 8, 5.5 6 6.5
Invariant mass (u* ) [GeV/c] Invariant mass (u* ) [G e\-"fc""]

Observed limit @95% C.L sl fisrlizet el
‘BR(B.,2>up) < 9.5x108 level inRun11b




_;J%/H.EﬂMary result using 4.8fb

 Use Boosted Decision Tree D@ Note 5906
— 5inputs: BgIsolation, pr, vertex x4, IPlo, L, /o
e Subdivide the data into three samples based on

trigger/luminosity configuration R ___D2 el
. - . 0.09 —>lgna
e Box still remained blinded ata Sideban

“Expected” limit @95% C.L

‘BR(B,>up) <5.3x108
'Furthel’ StUdl es on gO| ng . D Run Il Preliminary : L~1.6fb™

i 0.4 02 0 0.2 04 06 0.5
BOT Qutput

Run lb-1I

— Understanding background

— Increasing acceptance
— Finding new and better discriminants

— Then, we will open the box

Events per 0.010 GeVic

(1 :__-___'.___-___-___i...'_..:'
. .5 5.5 . 2.6.5
variant Mass (L") [(h;e‘\f.l'-::"]




m— SM (~3.6x107)
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D@ prel. 4.8f5" Exp.

CDF projection
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Projection . a simple luminosity projection from the recent expected limit
assuming no signa

D@ projection

Integrated Luminosity [fb' ]




_S *_—-New restlt using 6.1fb

D@ Runllb Preliminary, 4.8 fb5'

o Just approved! : — Bl—u*u signal
e Runllal1l.3fb!+ Run llb 4.8fb* CEw, T Data sideband
A lot of Iimprovements: _
—Acceptancegain: S —_
e Muon ID : ~10%
; 01 02 03 04 05 06 07 08 09 1
 Trigger : ~16% SNN output
—Bayesian Neural Networks

—Better understanding of BNN input
variables

—Background modeling from MC
and data sidebands

—Subdivide the signal region into
several BNN and mass bins

* Theblinded signal box has been
opened
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_;/%/Helinﬂiﬂary result using 6.1fb1

D@ Runlla Preliminary, 1.3 fb' D@ Runllb_Preliminary, 4.8 fb'
E D B-Only LLR c[Js-onyLLR
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" Log-likelihood ratio

BR(B, up) < 6.7x108 @95%C.L
(4.4x108 expected)

D@ Runll Prellmlnary, 6.1 fb'

-[Je-ony LLR NaN ||m|t @95% CL
D *BR(B,>pp) < 5.2x108

. 2S+BLLR

o Observed LLR £ (38X 10_8 eXpeCted)
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Largest systematics:
fragmentation ratio between
B, and B* (15%)
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Log-likelihood ratio



m— M (~3.6x10°)
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* New results on FCNC decays at Tevatron

— B2>K'up
e CDF resultsusing 4.4 fb1
— First measurement of A a Tevatron
— First observation B, ¢up
— B2oup :
e CDF resultsusing 3.7 fb'l
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— B, Signal MC
Data sideband

— B, Signal MC
Data sideband
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* Plotsonly for Runllb are shown here
* Runlladistributions are smilar to Runllb




Fal) Run llad@imueenimass distributions
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FIG. 12: Distributions of dimuon mass for data (dots with error bars), expected background distribution (solid line) and the SM
signal distribution multiplied by a factor of 10 (dashed line) in the highest four BNN bins in Run IIa: (a) 0.96 < BNN < (.97,

Mass(uu) [GeV/c?]
D@ Runlla Preliminary, 1.3 fby'

= (c) BNN 0.980~0.990 e pata

D Backgrounds
T"TISMN(B )< 10
Lol s

.'_+_I

Y [y PRy P N

o A

5.2 5.4 56
Mass(upu) [GeV/c?]

5.8

Events / 0.05 GeV/c?

Mass(uu) [GeV/c?]

D@ Runlla Preliminary, 1.3 fiy'
?(d) BNN 0.990~1.000 e Dpata

DBackgrounds
F"ISMN(B,) x 10

L

5.
Mass(u) [GeV/c?]

(b) 0.97 < BNN < 0,98, (c) 0.98 < BNN < 0.99, (d) 0.99 < BNN < 1.00.




¢ Run llhdiimteenimass distributions
== the highest four BNN bins
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FIG. 13: Distributions of dimuon mass for data (dots with error bars), expected background distribution (solid line) and the SM
signal distribution multiplied by a factor of ten {(dashed line) in the highest four BNN bins in Run IIb: (a) 0.980 < BNN < (.985,
(b) 0.985 < BNN <10.990, (c) 0.990 < BNN < 0.995, (d) 0.995 < BNN < 1.000.




/ngu Projections

Upper Limits on BR(B eu u ) at 95% C.L. at Tevatron

G M (~3.6-10°)
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CDF projection
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sttemati gsionthesingle
event sentsitivity

TABLE I: Sources of uncertainty and their contributions to the relative uncertainty (%) in the single event sensitivity.
Source Run Ia Run Ib

N(B™) stat, 46 27
N(B™) syst. 15 07
Kaon reconstruction 1.7 8.5
Trigger 05 09
BY pr spectrum 64 6.0
B* MC stat. 09 11
BY MC stat. 06 0.6

BB = J(wp)K?) 34 34
ful fs 152 152

Total 176 19.2




Y _C_ontrol plots : BNN

stributions for B*-2> JyK*

D@ Runlla Preliminar 015 D@ Runllb Prelimina
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* Data * Data
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Arbitrary units
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s i S o i, Sl B 1
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BNN output BNN output

FIG. 15: Distributions of the BNN output for BT — J/o(utp ) KT .



Noyrmalization channe :
B*2>JyK*

N(B")=14340:665 A N(B")=32463:875
prob.=0.407 probh.=0.338
@ Data
— Fit total
- B' = JlyK*
B ' sJhgn®
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* New results on FCNC decays at Tevatron

— B2>K'up
e CDF resultsusing 4.4 fb1
— First measurement of A a Tevatron
— First observation B, ¢up
— B2up
e CDF resultsusing 3.7 fb1




/_Jieiievatron Collider

Peak Luminosity

Proton-antiproton collider
Run I with Vs=1.96 TeV
Collisions every 396 ns

Tevatron Peak Luminosity
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___dae@BFE DY detector

« CDF and D@ : General purpose detector

Tracking : Silicon + Drift Chamber Tracking : Silicon + Fiber Tracker

nl<2, 1.3cm <R <132cm In|<3, 1.6 cm<R <52 cm

Muon : n| < 1.0, p; > 1.5 GeV Muon : n| < 2.0, p; > 1.5 GeV
Excelent momentum resolution! Excellent muon cover age!

END WALL —
HADRON Muon Scintillators
CAL, ; -

Muon Chambers

. 1 o B Y L
ShE|d|ng kg = : ‘,.:::-__d':::: _____________________

Calorimeter

END PLUG HADRON CALORIMETER

Toroid

/oo | N\o 20 s | L ayer0(2006 Runi I b)

._/' '.‘I
LAYER 00 sSVvX 1l l|I\ETEF!I’H‘IEI.'.)I;QTE SILICON LAYERS
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CP violation m By mixing from heavy Higgs exchange

Bogdan A. Dobrescu, Patrick J. Fox and Adam Martin
Theoretical Physics DP]u nent, Fermi National Accelemator Laborato y, Batavia, lllinois, USA
(Dated: May 22, 2010)

The anomalous dimuon charge asymmetry reported by the D0 Collaboration may he due to the
tree-level exchange of some spin-0 particles which mediate CP violation in B, - B, meson mixing
We show that for a range of coup 1111 s and masses, the heavy neutral states in a two Higgs doublet
model can generate a large charge asymmetry. This range is natural in “uplifted supersymmetry”,
and may enhance the B~ =7y and By — ™~ decay rates. However, we point out that on general
orounds the reported central value of the charge asymmetry requires new physics not only in By=P
mixing but also in AP = 1 transitions or in By By mixing,




/MGS\/I and B~ uu
e E821 at BNL : anomalous magnetic moment of the muon

(Phys.Rev.D73:072003,2006 )
— o, P —o M= (3£1) x 107
- CM SSM model (JHEP 0502 (2005) 013) suggests
250 GeV < gaugino mass(m,,) < 650 GeV
2>BR(B,~2>up) : 5x10° ~ 1x107
- Reachable at Tevatro

60 -T—‘_'I_T—T_‘—W_'_f—'l_'l_'fﬁ'——’f—f_l_v—l'_<-7_§_1—'—l_}—ﬁ
LY i i I 4

BR(B, >u" 1)

]
200 400 600 800 1000 1200 1400
m, , [GeV]

) 1l \ "
200 400 600
m, , [GeV]




Constraint on
my, from =—p
B2 pp

v2 combining
results of LEP2,

(g'z)w b%SY,
B2 uu,B2>tv

Low tanp

CMSSM, 11 >0, m = 171.4 GeV ]

tan =10,A;=0
tan =10, A = +m_,

tanf =10, Ay =-m,
tanf =10, A =+2m,,
tanB=10,A;=-2m,,

CMSSM, 1 >0, m, = 171.4 GeV—
tanf =10, A; =0
tan|3u=1(],1»ﬂ\0=+m”2
tanp =10, Ay =-m,,
tan|3=10,AG=+2m ,
tanB—10 AG—-erz

"I"‘l"'l"‘l"‘l‘l‘_'|"'I"‘tl"‘ URRE
argetanf
CMSSM, >0, m = 171.4 GeV ]
tanf = 50, Ao =0
tan = 50, A, = +m,,
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tanB = 50, A, =+2m,,,
tan =50, A, =-2m,,,

v daaad e d e e daaa s daaa laa i
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s . Largetanp

—

CMSSM, u >0, m, = 171.4 GeV—
tanf = 50, A, =0
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tanfp =50, A, =-2m,,

II|III|III|III|(I)II|III|III|III?III|III
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* Nucl. Phys. B760 (2006) 38-63
 MSSM+vg with large tanf3

u=120GeVv (b} Bg—u

mpo [GeV]
* Important information for lepton flavour violating
Higgs decays



JHEP 0904:088,2009
AMSB M SSM model

total
no flavour -

0 10 20 30 40 50 60
(Mg,=40TeV) 1

BR(B->uw)/10”

60
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| Y
5100 | f
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/M@SI\/I and B~ up

PRD 80:095005,2009
SU(5)

tan § =40, A, =0, m,, = 500 GeV, m; = 500 GeV tan f =40, A, =0, m,, 0 GeV, m;=1TeV

1000

750 ' 500 750
m,[GeV] m, [GeV]

1000

=800 GeV, m = 500 GeV tan f =40, A, =0, m

tan f =40, A, =

1500




/MGSVI and B.—~

» PRD 80:095005,2009
SO(10)

tan p =40, A, =0, m , =500 GeV, m =500 GeV tan f =40, A, =0, m,, =800 GeV, m =500 GeV

1000 1500

500 750 500
m, [GeV] m, [GeV]




/MGS\/I and B~ up

* Phys.Rev.D74:075003,2006
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