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Overview

% Multidimensional approach toward BSM
with rich b->spu samples

v' Various Observables v’ Various Channels

% Total BR y
é - Little Data t ﬁ_ @
p - Early access . r

W Differential BR

R L

% Angular analysis

s . Notyetobserved
R %
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b->suu decays

% Promising tool to pursue new physics

&
» Decay amplitude might be affected by heavy NP particles O{Q @B@
xS

/’? Various observables are sensitive to NP

CDF Run Il L=4.4fb" ,COFRunliL=a4fb”

» Total BR
» Differential BR

0.5

”;leferentlal BH ‘iA, e
_ FB

~

—SsM
G —C

dBridg® (107/GeV?/c?)
s o @

% Angular distribution

\ (AFB’ FL) M?Z‘ N R S ‘::; 7 10'50'2” 10712 14 16 1

4 16 18
q? (GeV?/c?)

-

% Hadron collider provides further probes
* B;>¢uu €Observed by CDF (4.4fb™) o106, 161801 2011

* Ny>App €No experimental constraint yet

)
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CDF analysis history

B*>p*pK* and BO>p*pK®
- Phys. Rev. Lett. 83, 3378 (1999).
k 7

Search for the Decay B, 2p*p @ in p Collisions
% y B 2 @I PP CDF Runl 91pb-!
K

% Search for the Flavor-Changing Neutral Current Decays CDF Runl 88pb

at Vs=1.8 TeV
- Phys. Rev. D65, 111101 (2002).
s

TN Search for the Rare B Decays B*> p*uK?,

CDF Runll 924pb-1 ) = BO>p*prK'(892)°, and BL>p ¢ at CDF
QAP - Phys. Rev. D79, 011104(R) (2009).
=

o Measurement of the Forward-Backward
@ A symmetry in the B->KO p*p- Decay and

& J\JL/L; First Observation of the B,0> gp*y- Decay
== _Phys. Rev. Lett. 106, 161801 (2011). y

This talk:
for EPS) Update using 6.8fb""
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Analysis flow

Signal mode Control sample
h hadrons BO> Koy BO->J/ K™
D Moo )
B*>K'up B*>J/PK*
K*02> K
B,~> dup B,>J/uod
KO B> K™ up B+ J/PK™
kK*+9Ks“+ I\%pn'/ B> K up B> /YK,
o\éﬁ A, App e 27407
% Start from dimuon trigger 13 ,
% Reconstruct H,>hpp L —
» Optimize event selection by NN Dimuon mass
®» BR measurement ] 12 channel analysis!
* Angular analysis ]
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-« Event selection

w Preselection (H,~>hpp)

% pr(H,), h mass...
é )

% Charmonium(J/y, @’) veto
% Charm (D, D, A,) veto

% Employ NN to optimize
event selection

CDF Run Il Preliminary L=6.8fb™

10°

10 i

events

10°

10 =

pr(Hb), pT(h)’ pT(IJ)’ h mass, ny’ ny/O',
muon likelihood... Network output

:\Ill\\\‘\\ll\\\‘\\lI\\‘\\\ll\\\\\I\\
-1 08 -06 -04 -0.2 -0 02 04 06 0.8 1
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Rare B yields @6.8fb1

CDF Run Il Preliminary L=6.8fb™ CDF Run Il Preliminary L=6.8fb™ CDF Run Il Preliminary L=6.8fb™

0 140 Yield: 234 + 19 % 100/ Yield: 164 + 15 % 350 Yield: 49+ 7
% - Mass: 5277 + 2 MeV/c? % | Mass: 5277 + 2 MeV/c? % . Mass: 5361+ 4 MeV/c?
= 120 B*'— K'uu = _ | B K%y | = 30? BY— ou'u
bS] - + Data b 80 + Data b - + Data
~ 100 — Total Fit - — Total Fit ~— 251 — Total Fit
; N —-Signal ; —-Signal ; N —-Signal
2 r ---Background S 60 ---Background | @ - ---Background
w 80 s T 20r
S | 2 2 |
2 60 2 a0 2 15
© © & I
S ¢ S *H H S
40 ' "
B 20 + +
20 i 5
r J . K 4 r +
Guuhuﬂuu \\\-‘.lLJ_AJJL\_LJLIJ_A [ | [ M L P A T S G’ LLHJA_\H--.-M\. ‘HJ*I{A_A+|4LJLLJ_|
5 51 52 53 54 55 56 57 5 51 52 53 54 55 5.6 57 5 51 52 53 54 55 56 5.7
M(uuK) (GeV/c?) M(uuK™®) (GeV/c?) M(upo) (GeV/c?)
. CDF Run Il Preliminary L=6.8fb™ _ CDF Run Il Preliminary L=6.8fb™
0 30- [ Yield: 28 +9 O 6 r Yield: 20+ 6
% - Mass: 5284 + 9 MeV/c? % | Mass: 5285 + 8 MeV/c?
= B'— Kquw = 14 B*— K *uy
8 3 + Data 8 A + Data
~ L — Total Fit ~ 120 — Total Fit
; 20l —-Signal " r —-Signal
] ---Background 9 101 ---Background
s 3
5 5 8
S s
o o 9
40 * ’
3 . .
. ] *
:‘.‘m‘.‘_u’.'um‘mguquuum :"‘.|mm/ml“‘s.J.LHijhu ( ) FIrSt reconStrUCtlon
% 51 52 53 3 % 51 52 53 54 55 556 5

M(puK ) (GeV/c

) Mk @eviedy | IN hadron collisions
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Baryonic rare decay: A,2>App

/’r Simple extension of b—=>spu transition to b-baryon decays
% Different sensitivity from K*up '
% Small BR ~O(10)

% No experimental search result
(although >25 theory papers)

% Can measure A (difficult in Qup)

Ars(Ap>App) BR(AbeApp) vs UED parameter
I I I | ‘ B(J i I I I I _
0.1 S unlversal extra o
T s = ovr “"‘“af.;f_'j\mdlmen3|on (UED) '
2 = : Tl e
+ [ (=) o “%‘_*‘*1* h
i 0 ; 5.0 | . . oy . .
< = Semg T
E 005 ‘3 sE - SM T ea g, ]
< o g
E Hm e K - e K W K - - e K- W - H e e — M m — Hem K e — P D - K A - He— 3 - — e =X :
-1 4'”:_ -o- -o- -o—- -6--© _
I T R P |
0 5 10 15 20 200 250 300 350 400
M.J.Aslam, Y.M.Wang, C.D. Lu 4’ (GeV)’ T.M.Aliev, M.Savci,  1/R (GeV)
PRD78:114032 (2008) - EPJC50:91-99 (2007)
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A,~> AP observation

% First experimental search for
baryonic b->spuu decay

-~

bt

10

Reduce possible K ,up contamination

10"

; SRR it
53 54 55 56 57 58 59 6

45, \
‘j oo
:

B Mass (GeV/c?)

Candidates / (20 MeV/c?)

K % Momentum imbalance of V° daughters /

* First observation!

[B(Ag — Aptpm) = [1.73 £ 0.42(stat) £ 0.55(syst)] x 107° ]

% The rarest A, decay to date

Hideki Miyake

CDF Run Il Preliminary L=6.8fb

- Yield: 24+ 5
18-Mass: 5621+ 6 MeV/c?
16/ Ap— AW
- -+ Data
14 — Total Fit
: T —-Signal
12: ---Background
10 ,

LN

|
-

.
I AR SRt | A

H h“
: |

3 54 55 56 57 58 59 6

Expectations
v (4.0£1.2)*10°
v 4.4*106

v 2.08*10°

2011/07/22 EPS-HEP 2011, Grenoble, France

M(uuA) (GeV/c?)

Phys.Rev.D81,056006 (2010)
Phys.Rev.D78,114032 (2008)
Phys.Rev.D64,074001 (2001)
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Total BR

AW
BHy, — hypmp)  Nugerp= BU/U — i)
B(Hb — J/¢h) 2 NJ/?,bh Erel
/

Control channel yield

r N

Rare channel yield

h=K, K*, @, A

~

_— —— — . —e&— BaB
-] B' K'u'w  —e— Bl 3 ¥ B’ K u'u" —e— Belle
N —e— EDF(4.4fb‘1) g —— E&Fggg{b-*)
—— 0 0 ) —e— Average y — — . ) —— )
B"— K"u* —— CDF(6.8fb™) B*— K 'utu- —*— CDF(6.8fb™)
—— HH (%) T K (%)
—o . — -
N B— KI'T B B— K I'l
' o5 1 15 2 25 3 35

02 04 06 08 1 12 14 16 18 2 ) : a
\ Branching Ratio x 10" \ Branching Ratio x 1(y

) \ (*) All BRs except CDF@6.8fb-' are
—— — o CDF(4.410") taken from HFAG 2010 August
BS_> ¢'}-l W —e— Average
—&— CDF(6.8fb™)
Ap— A ®
0 05 1 15 2 25 3 35 4 45 5
\_ Branching Ratio x 10° /

% World’s most precise b>sppy BR measurements!
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dB/dqg? (107/GeV?/c?)

dB/dqg” (107/GeV?/c?)

o
N

o
—h

oS o o ©
w -y (3] (=]

O_II\IIII\

- N

Differential BR (1)

CDF Run Il Preliminary L=6.8fb™

B— Ku'w
! -+ Data
- — SM

Ty

| | [
0246 810121416182022
q? (GeVZ/c?)

CDF Run Il Preliminary L=6.8fb™

-+ Data

o

ol b 1
0 2 46 8 1012141618
q? (GeV?/c?)

B— K |
[ —

% Access more precise decay amplitude
structure

' Divided by g2 bin (q2=M, 2)

% Large theoretical and experimental
uncertainties

% Experimental uncertainty is dominated
by stat. error

Jy, g’ » B+9Kup > BOQK*OHH
veto > BO>Kop | | B*>K™*up
* B2>Kpup || B2>K* pu

(*) First measurements
at hadron collider

» Combined BR is calculated
assuming isospin symmetry
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dB/dqg? (107/GeV?%c?)
o N [+

o -
Lo UatnnOgwL b

Differential BR (2)

CDF Run Il Preliminary L=6.8fb™

B2— ou'w

4+ Data

. = _SM

ind

® First dBR measurements
other than B>KOup

* B2 opu

* A2 App

> 46 81012141618 % Different sensitivity to BSM
q? (GeV?/c?) : : -
% e.g. extra dimension, 4" generation...
CDF Run Il Preliminary L=6.8fb™
Ap— AW
-# Data
— SM (B=4.0x10%)
--SM (B=1.73x10%)
; ,,,$ » 6
8 » Red Curve: SM prediction based on 4.0x10-
3 T. M. Aliev, K. Azizi, and M. Savci, PRD81, 056006 (2010)
0246 8101214161820 - Blue Curve: SM prediction rescaled to our
2
q’ (GeViic?) total BR (1.73/4.0)
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Az measurement

% Forward-Backward asymmetry:

(g2, cosf, > 0) — (g%, cosh, < 0)
(g2,cosf, > 0) 4+ (q2,cosb, < 0)

Arg(q®) =

' Most interesting observable of b->slI

» NP could swap the sign of A at low g?

% Belle claims 2.7¢0 deviation from SM

N » BR(B->Xll) disfavors the swap solution...puzzle?

0.6

0.4

0.2

o
)

T
| 1 I [ 1

0 2 4 6 8 10 12 14 16 18

g2 (dimuon mass?)
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Angular analysis

% One can extract various information

=+ [10. ‘<12, eVic?

from the decay angular distribution S35 aaa | -
230¢ ‘K?@ar't K* polarization
g 25) -+ K1t Swap
1]

=)
o
T

~BG
c0s0, F'—

] O
b . I”IE.
% 05 0 05 1

cos6,

-y
o

—
o

3 3
§FL cos? Ok + Z(l — FL)(l — cos® QK)

= 40[10.09<q*<12.86 (GeVic?)
| M Data
—Total Fit

L -- Signal
g 30f - Kr Swap

FB Asymmetry

Arg

3 3
ZFL(l —cos?0,,) + g(l —FL)(1 4 cos®0,) + Apgcos b,
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Angular analysis

% One can extract various information

[10.09:q<12.86 (GeVic?)

= L H 35 B Data
from the decay angular distribution i i K* polarization
5b =K Swap

Events/(0.4)
5 8

=)
o
T

- BG
cosO .5 F'—

K 3
F 10F 20 nns S
0, 01" 05 0 05 1
cos6,
3 ) 3 )
§FL cos” Ok + Z(l — FL)(l — COS QK)

.09=q°<12.86 (GeV*/c?)
ey 7 2 §35:m 1za:I:Iatalr_ . —
Sl T 530} “H! A_(2) Transverse polarization
a _:Tiotﬁla Fit S 25 - Kx Swap T
= :2 ol gl X asymmetry )
15
4 N\
0¥ L
FB Asymmetry sf ¥ Ai -, T-odd CP asymmetry
A O \. J
FB

1 1
> [1 + 5(1 — FL)AY cos 2 + A sin 2¢
m

3 3
ZFL(l —cos?0,,) + g(l —FL)(1 4 cos®0,) + Apgcos b,
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Angular fit results

2CDF Run Il Preliminary L=6.8fb™ -1 2CDF Run Il Preliminary L=6.8fb™
< | B Ky - B Ky
1.5 # Data LS —# Data
i g S . %S
s C=-C3V “+= G,=-C3V

I I NI I I I I v AT N Y - IR IR O P T 4TS S N T A
02 46 8 1012 14 16 18 “%72 46 5 10121416 18
q? (GeV?/c?) 2 (GeV?/c?)

- CDF Run Il Preliminary L=6.8fb™ € 2CDF Run Il Preliminary L=6.8fb”
S UF . ) = r .
< - B— Ku*u < F B Kuw

E - Data 1.5 4 Data

E ~——SM i

; - C=-CM

o 7= V7 1

o

| BN °'5+_JI,_++. Aim

=]
~
N
"’
:m..o..r\‘:m-hmm

)
—h
T

27476 8 1018 14 16 18 27476 8 1012 1416 18
Simultaneous fit with K* and K* o (GeVic) F (GeVie)
% First measurement of right-handed currents sensitive A2 and A, _
% Among the most precise A-z/F, measurements
» comparable resolution with Belle

% No significant deviation from SM with current accuracy
Hideki Miyake 2011/07/22 EPS-HEP 2011, Grenoble, France 16
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Summary

) :GD Jupdatedithelb=spplanalysisiwith|6:8fbg
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Special Thanks

We are deeply grateful to Wolfgang
Altmannshofer, Christoph Bobeth, Danny
van Dyk, and Joaquim Matias, who helped
us by close communication and many
valuable suggestions about the analysis.

Thank you so much!
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Backup
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Tevatron and CDF detector

Collider Run Il Integrated Luminosity

% Tevatron
¥ pp collisions at vs=1.96TeV

12000.00

80.00

(6.8 fb-! used for the analysis)

» CDF Il detector @ M IW §
% A general purpose detector % L H'””“ m‘l” | E
% >9.5fb' data on tape : | iw

§ 35 65 95 1256 155 185 215 245 275 305 335 365 395 425 455 485 515

gy |

0.0

=]

(Week 1 Iarls narosmn

west N eMR (miniskity  east
Muon chambers
used in this analysis




Hideki Miyake

BR systematics

Source KpTp K% p op T p | Ksp T p [ KT p [Ap ™
Theory model 0.9 0.7 1.7 0.5 0.7 3.4
MC reweight 2.8 1.5 1.8 3.5 0.5 4.0
Trigger turn-on 0.8 2.3 44 2.9 4.5 7.2
Particle ID - 0.4 2.0 - - -
Low pr hadrons 0.2 0.2 0.2 0.2 0.2 0.2
B; lifetime - - 0.2 - - -
Polarization - 0.5 0.1 - 0.5 6.6
Control mode stat. 0.5 0.9 1.7 1.2 2.0 3.3
MC stat. 0.2 0.4 0.3 0.1 0.5 0.3
NN cut 0.1 0.2 0.3 0.4 0.4 1.8
Efficiency total 3.4 32 [ 57 [ 49 50 [ 117

TABLE II: Efficiency systematic errors as percentage contributions.

Source Ko p KT |outp | KepTp | K Tu Ty [ApTu™
Efficiency 3.1 3.1 5.8 4.7 5.1 11.7
BR(J/{ — u" ) 1.0 1.0 1.0 1.0 1.0 1.0
Signal PDF 0.2 0.3 0.2 0.4 0.3 0.4
Background PDF 2.3 0.9 2.6 1.3 2.2 1.0
Peaking BG 0.9 1.6 1.1 0.6 0.9 0.1
BR(Hy — J/vh) 3.4 4.5 30.8 3.7 5.6 29.7
Total 5.3 58 [ 315 ] 6.2 8.0 | 32.0

TABLE III: Total systematic errors as percentage contributions.

2011/07/22 EPS-HEP 2011, Grenoble, France
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Differential BR

®» Combined BR is calculated by isospin symmetry assumption

CDF Run Il Preliminary L=6.8fb™ CDF Run Il Preliminary L=6.8fb™ CDF Run Il Preliminary L=6.8fb™

0.6 <~0.8 &~0.6
L B Kuw Qo7 B Kuw L P BsKu'w
% 0'5:7 -+ Data % 0.6 * -+ Data % 0'5; -4 Data
(U] L - = _ L -
= 0.4 + SM Qo5 SM Loal SM
(=) B 04} =) : +
ol Zost =03;
03" + 03} 03 -+-
3 o2y | 3
o 02 @ 0.1) m 02 + 4
o T )
0.1 : _+‘ 0.1}
-0.1}
| A i RS NS N PR IR SPATE AR Bttt N
00274 6 810121416182022 020"3°4 76 8 10121416162022 0024 6 810121416182022
o? (GeV?/c?) o? (GeVZ/c?) q? (GeVZ/c?)
a~ [OFRunll Preilminary L=6.81b" __ CDF Run Il Preliminary L=6.8fb" __ CDF Run Il Preliminary L=6.8fb"
L12f B Ko 1.2 " 12 B Kugw
> —+ Data S S 4 Dat
[T o > 1 > 1l ata
9 SM Oosl! @ Ui TSM
o084 + P! 508
S’ = - — H
06 Zos6f e
[ Taal oo
E L -00.4 © L
00.4 o @0 0.4
02 of | 0.2
07““"“““‘ L - :..mmm..m L N P P AR . e AN = S B
024638 10121416218 020"274 76 8 10121416 18 % 2746 8 1012141618
? (GeV/c?) o (GeV?/c?) o (GeVZc?)
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New probes: A,(?) and A _

¥ Right-handed current sensitive observables
» Smallin SM (A is negatively large in high g?)
% Strongly affected by RH current up to O(x1)

% Provide unique discrimination of NP models

% No experimental result so far
% We can measure them with the world largest sample

BSM:~+1

arXiv:1006.5013
C. Bobeth, G. Hiller, D. van Dyk
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Angular analysis summary

B°->K™0 pp

q2 range Fr Arp Af.l?} Alm
[0.00,2.00) 0.3177 75 £0.02 —0.377)35 £0.11 —0.7770 5, £0.27 0.377773; £0.08
[2.00,4.30) 0.357033 £0.03 030105 £0.17 1427705 £1.15 —0.80705) £0.13
[4.30,8.68) 0.607) 1% £0.05 —0.08702% £0.03 1.807] %55+ 1.53 0.0375 3] £0.06
[10.09,12.86) 0.4075 16 £0.02 0427507 +£0.10 —1.047 55 £ 0.46 0477055 £0.09
[14.18,16.00) 0.3270:11 +0.03 0401037 £0.07 040705 £0.19  0.155,22 £0.01
[16.00,19.30) 0.1679 75 £0.06 0.6677 35 £0.19 —0.917 5 £0.40 —0.307 3% £0.14
[0.00,4.30) 0.3377 131 £0.02 —0.087) 3 £0.05 —0.2077753 +0.07 —0.0275 35 +£0.01
[1.00,6.00) 0.607535; £0.09 036758 +£0.11  1.647] 5 +2.21 —0.0275 35 £0.03

B>K*'pp

q2 range FL Arp Af-l?} Alm
[0.00,2.00) 0.3070 1 £0.02 0357025 £0.10 —0.97 005 £0.35 021 050 £0.10
[2.00,4.30) 037753, +£0.10 0207032 +0.15 1.34770 +£0.92 —0.72773¢ £ 0.21

’ U.Zé 0.35 1.17 0.36
[4.30,8.68) 0.687g1>£0.09 0.01705 +£0.09 3.38750: £3.61 0.117535; +0.09
[10.09,12.86) 0.47T7 11 £0.03 0381018 £0.09 —1.7870 55 £0.78  0.32703, £0.06
[14.18,16.00) 0.297513 £0.05 04475 £0.10 0.247578 £0.20 0.197522 £0.04
16.00,19.30) 0207012 +£0.05 0651017 £0.16 —0.697031 £ 0.28 —0.207032 £0.09

’ 0.17 0.18 D_?S 0.33
[0.00,4.30) 0.337)13 £0.03 —0.087] 30 £0.05 —0.307 57 £0.12 —0.107 ;32 £0.06
[1.00,6.00) 0.69775] £0.08 0207735 +0.00 1.65733] +£2.55 0.097,735; +0.06

B+>K+up ¢’ range  Fr Arp AP A
[0.00,2.00) - 0.13t§-§; £007 - -
[2.00,4.30) - 0.32757,£005 - -
[4.30,8.68) - 001701 +001 - -

[10.09, 12.86)

[14.18, 16.00)

[16.00, 23.00)
[0.00, 4.30)
[1.00, 6.00)

—0.037 1, £004 - -
—0.0575 1] £0.03
0.09101% +0.03
0.3179 1 £0.04
0.137 09 + 0.02
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Angular distributions

-1 -1 — -1
CDF Run Il Preliminary L=6.8fb CDF Run Il Preliminary L—6 8fb CDF Run Il Preliminary L=6.8fb
?20 [0.00=q%<2.00 (GeV /c) q; 12/ 00=q°<4.30 (GeV/c™) ?. 4.30=q°<8.68 (GeV’rc?) '5."25 [0.00=q°<2.00 (GeV ic”) qq 12[% 00<q°<4.30 (GeV/ic”) 430:0°<8.68 (GeV'ie®) | B [o.oosqi2.00(GeViich) | B 1 23.0D£q’<4.30 (GeVie) | B 35 14.30=q°<8.68 (GeV/c”)
%18 §35 g, ®Data _ g @Data _ gGO @Data _ g 251 ®Data : MData g WData
216 0 230 Lo 210 “Lon 2 o5~ el 920} “Hgnal | @100 gl g% “igal "
914 o [ - K Swap o --Kn Swap o - Kt Swap c - Kz Swap| £ - Kz Swap € 25 -k Swap
8 > 25 > 15l BG > 8F _pr > 20t -BG [} -BG o 8 “BG ] “BG
w12 W w w w @15 @ i 20
10 6 - 6 6
8 15 10
& 4 10F X 4 4\
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Ac; In Br>Ktup
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A, comparison
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1 Title page and p1: photos by Jérg Sancho Pernas, available under a
Creative Commons Attribution 3.0 Unported license.

1 We draw theoretical curves of the angular observables by EOS.
However we stress that these curves are plotted at the other
kinematical region than the original authors expected to use.
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