Updated search for

non-SM physics in

KO u*u- Decays at CDF




Overview

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

v’ Various Observables v Various Channels
1 Total BR

- Requires little Data w h@

- Limited sensitivity to NP @

1 Differential BR

- Requires more Data
- Sensitive to NP % ‘9?

1 Angular analysis

- Requires lots of Data ‘& .
- Most sensitive to NP % E%
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b->syp decays ao<
o
<@°
1 & O
Promising tool to pursue new physics PU
v Decay amplitude might be affected by heavy NP particles O@ % %ef‘
0 \@O

/’l Various observables are sensitive to NP

v Total BR s Differential BR | ¢’ Agg ~Em
v Differential BR 1\ , :
v" Angular distribution Tt
\ (AFB’ FL) " T e ST A _0150'2'” R

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

dBridg® (107/GeV?/c?)
s o @

"1 Hadron collider provides further probes
v Bs>opp €Observed by CDF (4.4fb™") opi106,161801 2011)

v N2>Aup €No experimental constraint yet
- /
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b->suu decays (cont'd)

4Gy
Heff = _ﬁv;fb‘/ts Z(CSM-FEO -I-Z CN O;

O;: Short dlstance operator

C;: Wilson coefficient
AC.:: Modification to C°M

GP: Coefficient of NP operator

C7 photon-dipole

C9r1 0 (axial-) vector SUSY  Technicolor

Dominant in SM Extra dimension
Fourth generation

CS p (pseudo-) scalar
’ Observable:

C7,,9,,10, Helicity-flipped

1
‘ App=—-C Re(Co)Fy + ~C- F
Suppressed in SM FB 10€(s)[Re(Cy9) 1+3 - o]

1 Various NP effect could be seen by the b-> s observables
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Analysis flow

h hadrons Signal mode Control sample
g ~ B> K™ up BO>J/ K™
¢9K+ K- B+9K+uu B+9.I/L|)K+
K-> K
B,>dup B,>J/Wwd
KD ro B*>K™*up B*>J/YK™
(KK ADpre BO> K up BO->J/ WK,

Vg Videcay (A dhuw  ADI/uN

(1 Start from dimuon trigger 5 |
v" Reconstruct H,~>hpp e

EENEERN

v" Optimize event selection by NN Dimuon mass
1 BR measurement ] 12 channel analysis!
1 Angular analysis ]
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oy EVEent

selection

v

1 Preselection (H,~>hpp)

pr(Hy), h mass...

-

Kinematical variables
o Signal |ny|

0.04

BG

0.02

0.01

u0 0.0010.0020.0030.004.009.006).007.0080.0090.01
cm

%pT(Hb)v pT(h)s pT(p)! h mass, ny’ ny/O,
muon likelihood...

.
1 Charmonium(J/y, y’) veto

1 Charm (D, D, A\,) veto

1 Employ NN to optimize
event selection

CDF Run Il Preliminary L=6.8fb™

10°

10 i

events

10°

10 =

:\ L1 | I - ‘ L 11 | L1 ‘ 11 | B ‘ L1 | | B L1 | I
-1 08 -06 -04 -0.2 -0 0.2 04 0.6 0.8 1
Network output
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Rare B yields @6.8fb"1

- CDF Run Il Preliminary L=6.8fb™ - CDF Run Il Preliminary L=6.8fb™ - CDF Run Il Preliminary L=6.8fb™
“o 140l Yield: o 1m’f‘YieId: o 35 Yield: 49+ 7
% - Mass: 5277 + 2 MeV/c? % | Mass: 5277 + 2 MeV/c? % - Mass: 5361+ 4 MeV/c?
= 1200 ) K+ = 0 ¢ *0 S 30;
S | B+>K MR o 8 B 9_'_(__ [t s ! B 9¢ MU
~ 100 — Total Fit - — Total Fit ~— 251 —Total Fit
; N —-Signal ; —-Signal ; N —-Signal
Q r ---Background 9 60 ---Background | @ - ---Background
5 8o- ® ® 20
S | 2 2 |
2 GO}H i 2 a0 2 15
S o it S b S
w PHL HH 10}
B R 20
201 i i 5
r J . K 4 r +
Guu\\uﬂuu \\\-‘.lLJ_AJJL\_LJLIJ_A [ | [ M L P A T S G’ LLHJA_M.‘--.-M\. \HJiIt_I*uJLU_.
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 i Preliminary L=6.8fb™
0 0. Yield:28+9 O g Yield:
% - Mass: 5284 = 9 MeV/c? % - Mass: 5285 + 8 MeV/c?
= __ 0 = 14 + %+
= BOOKs up |2 B*2>K**up
~ a — Total Fit ~ 120 — Total Fit
; 20l —-Signal " r —-Signal
] ---Background 9 101 ---Background
s 3
5 5 8
- 5 o
o o 9
40 * ’
2 + * [ (]
et b N L o H I (%) First reconstruction
% 51 52 53 3 % 51 52 53 54 55 556 5

M(puK ) (GeV/c

) munk™) cevied | IN hadron collisions
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Baryonic rare decay: A,~>App

G Simple extension of b->spy transition to b-baryon decays
v Different sensitivity from K*up '

Small BR ~O(10)

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

1 Can measure A-; (difficult in gup)

=,

BR(I\bél\pp) vs UED parameter

Ags(Ap>Alp)
I I 60 I I I IR
' ._ x, ]
0.1 ot unlversal extra o) -
. [ e, MY ——0-- ]
- | T BTk — - i
2 el = wpk =« dimension (UED) '~ A
+ 0.05 + o THL I -
s 3 i o ]
T = g :
2 T osof g e,
T,_ = [ o o *.*_7*1*\.*“*
:?n —0.05 | ~ i“;'() 4.5 - SM g Begeg - oog g ]
E M K A e Ko He A - K He e - Ko Ko K M e M — e Ko K e — -3 — e X
-0.1} ok
L - -o- -o—- -o--o ]
I N B R I B
0 5 200 250 300 350 400

M.J.Aslam, Y.M.Wang, C.D. Lu 9*(GeVy’

PRD78:114032 (2008)

T.M.Aliev, M.Savci,
EPJC50:91-99 (2007)

1/R (GeV)
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A,~> AP observation

1 First experimental search for

baryonic b->spuu decay __ CDF Run Il Preliminary L=6.8fb™
‘o - Yield: 24+ 5
— %‘ 18[-Mass: 5621+ 6 MeV/c’
/ 1°"; :r"i : 10"; "'v \ E 16:_ Ag_> AM+M-
App : 8 - -+ Data
i ; P --: 14 — Total Fit
: ' ” : T —-Signal
Ksl..lu Q 12: ---Background
’f 5 10° A
.= L e ihang T | ]
i B elhaiel g 10 5.7'51:4355'(5&‘”&)6 g 8 l'
1 Reduce possible K uu contamination O o ] I
K v" Momentum imbalance of V° daughters / r I
af l :
| T o l
21 f I
L \ 4
g- sl .{,H}H}. Los b 1oy .Lilu

3 54 55 56 57 58 59 6
M(uuA) (GeV/c?)

First observation!

[B(Ag — Aptpm = [1.73 4 0.42(stat) £ 0.55(syst)] x 10° ]

Expectations

v (4.0+1.2)*10%  Phys.Rev.D81,056006 (2010)
The rarest A, decay to date v 4.4*10° Phys.Rev.D78,114032 (2008)

v 2.08*10° Phys.Rev.D64,074001 (2001)

Hideki Miyake 2011/08/30 SUSY11, Fermilab, USA 9



Rare channel yield

Total BR

h=K, K*, @, A

AW
B(Hy, — hpem ™) Nipppm
B(Hb — J/?f)h) 2 NJ/¢}1

Erel

L BU/w — i) ]

/

Control channel yield

-

~

—_——
——

—e— B'— K'u*y

-
-——

B’ Ku*u

—e- .
S BSKIT

—&— BaBar
—&— Belle

—e— CDF(4.4fb™)
—e— Average

—e— CDF(6.8fb")
(*)

/ —&— BaBar \

Branching Ratio x 10

kolz' 0.4 06 08 1 12 14 16 18

—e— CDF(4.41b™)

_—-— ¢ D
0 . —®— Do
BS—> ¢r}.l,+}.l —e— Average
o —&— CDF(6.8fb™)
+ - (%

L Nz Aww O
0 05 1 15 2 25 3 35 4 45 5
\_ Branching Ratio x 10° /

—3= B> K u*” —e— Belle
—* —e— CDF(4.4fb™)
° \ —e— Average
B B*— K *utu- —*— CDF(6.8fb™)
R — nou "
* +-
N B— K Il
05 1 15 2 25 3 35 4
\ Branching Ratio x 1(y

(*) All BRs except CDF@6.8fb™
are taken from HFAG 2010 August

1 World’s most precise b->spp BR measurements!
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Differential BR (1)

CDF Run Il Preliminary L=6.8fb™

<~0.6 . .
L 1 Bk 1 Access more precise decay amplitude
g +opaa structure
~— 0.4 —SM .. . .
5 + v’ Divided by six g bin (q=M,, )
Tl t 1 Large theoretical and experimental
@ 2| uncertainties

1 v Experimental uncertainty is dominated

00274 6 8 10121416182022 by stat. error
q? (GeVZ/c?)

- CDF Run i I:‘reliminary L=6.8fb™
V12t B Kpyw Jiy,y  B*-2>K* BO->K™
‘% il -+ Data """"«{‘/—_—1 \/el'ItJOLIJ l’l u l'l u
S ‘+ —sm > - [BO>Kouy | [B*>K™py |
"> 0.8] =
Zoel (*) First measurements
3 | in hadron collisions
m0.4 [
T i

0.2

: B->Kuu B>K*up

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

Hideki Miyake

» Combined BR is calculated
assuming isospin symmetry
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> CDF Run Il Preliminary L=6.8fb™
(9]

Differential BR (2)

— o 3
L18}| Bg—ou'p
%1 6 -+ Data
O1.4

~ -j'——SNI
= | |

M PRI BTt BN MU +2:%4 SRS AR ETE
2 4 6 81012141618

q? (GeV?/c?)
—~ 4 CDF Run Il Preliminary L=6.8fb™
N 0 -
Q35 A= ANH
= 3| *Data
Oo25F ~—SM (B=4.0x10%
"E: 2 --SM (B=1.73x10%)
o 1.5}
R =
mo0.5}) -
® o
0f
05" \
Fod b b b b Do b Lo |
o 2 46 3101214161820

q? (GeV?Z/c?)

Hideki Miyake

1 Most theory calculation are on BK(*)up

v" Precise dB measurements other than B>K(*)up
could improve the theoretical prediction

v Could give unique constraint on BSM in future

1 First results from an experiment

SM prediction

T. M. Aliev, K. Azizi, and M. Savci,
PRD81, 056006 (2010)
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le()'ﬁ:- Abel\uu l:

.| extra dimension ~ /

-
-

1x10

. -
-
—

5x107

dB/dg?x107 (GeV2)

Y.-M. Wang, M.J. Aslam, C.-D. Lu,
arXiv:0810.0609 (2008)

12




Az measurement &Q
N

1 Forward-Backward asymmetry:

AFB(q2) — r(qza COsS 9,u >0) — r(q2,COS Qp < 0)
(g2,cosf, > 0) 4+ (q2,cosb, < 0)

1 Most interesting observable of b->sll
v NP could swap the sign of Agg at low g2

v" Belle claims 2.70 deviation from SM

v" BR(B>X(ll) disfavors the swap solution...puzzle?

C,=-C,SM ..

0 2 4 6 8 10 12 14 16 18

g2 (dimuon mass?)
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= a0h0.09<q°<12.86 (GeVZic?)

| M Data
—Total Fit
L -- Signal
--Kn Swap
- BG

from the decay angular distribution

Angular analysis

1 One can extract various information

Events/(0.4)
58

(1)
o
T

=)
o O
T T

cosO o

[10.09:q<12.86 (GeVic?)

®Data % . .
:é?gtﬁ;ar” K* polarization
=K Swap

- BG F
L

10.09<t°<12.86 (GeVie?)
3 BData
—Total Fit
--3Signal

- Kx Swap
- BG

FB Asymmetry

Arg

=T

sensitive to RH currents

i A_(2) Transverse polarization\
T

asymmetry )
Aim T-odd CP asymmetry

Hideki Miyake
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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 = SM L =—SM o
1:— = C =G o GG
A | + -
FB L
| ——
:.H\‘.m.m.m"\.‘,\,‘,\,‘,‘,HM, _0_2[;.‘“m.‘.\.‘.\.‘mHl‘.m.‘l‘.‘lu
0 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 1(:?2182
q? (GeV?/c?) 2 (GeV?/c?)
- CDF Run Il Preliminary L=6.8fb™ € 2CDF Run Il Preliminary L=6.8fb”
g °f - = T ,
< 3 B—Ku'u < - B Kuw
2 ¥ Data 1.5 # Data
F ~——SM M 3
- = C=Cf 1

o

| 1 T . + 4 Aim
it 1 T e + T

)
—h
T

~

N

Nt
:m..o..r\‘:m-hmm

ol v bt L by PPN AN AR I B i e ERTINEN AVIN G AR AArri A
8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
o? (GeV?/c?) o (GeV?/c?)

&
Y]
B
)

Simultaneous fit with K and K™+

1 First measurement of right-handed currents sensitive A;@ and A,
1 No significant deviation from SM with current accuracy
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Arg

Ac./F, comparison

Theory B Binned theory

—-|LHCb —+CDF -®-BELLE —¥-BaBar

Theory B Binned theory

—-LHCb —+CDF

- BELLE —*BaBar

: |_T i LHC'b -
i h PreJI'iminary
LHCb h i EZ
Preliminary L —
T I
g2 [GeV?/c*] g2 [GeV?/ 4]
Ulrik Egede, PANIC 2011
http://web.mit.edu/panicl11/talks/monday/PARALLEL-21/3-1640/egede/151-0-Egede.pdf
1 General agreement across experiments and with the SM
1 CDF competitive with Belle/LHCb
Hideki Miyake 2011/08/30 SUSY11, Fermilab, USA 16



Summary

llGDElUpdated mmmm
LdNotHonlylmoreldatafanalysisfgreatlylimproved

1 e ‘

4 F|rs%’B§ervat|on ofNT> N
dFirst. measurement of dBlin] B
irst measuren infEfoeulandl o
7 F|rst measurement of A, (andfa™
/ World sibestioricomparable]

,’l v Total differentiallBRlinlexclusivelb>spufdecays!

vf’A srand ﬁ!' measurement

v No*dlscrepancy with SMifoundjyet

CDF Ieads exploratlonb,isup phyS|cs “i L ‘«'-‘

Submltted two ‘PRLgarXiv:1107. 3753

‘- = =I e 1108 0695 e !!



Backup

4 N
b
..... V
S
b M
S v
N\ J
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References

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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Tevatron and CDF detector

,l Tevatron Collider Run Il Integrated Luminosity
v" pp collisions at vs=1.96TeV

1 CDF Il detector

v A general purpose detector

1 >9.7fb' data on tape
(6.8 b1 used for the analysis)

12000.00

80.00

g

y il
|-
| H 11

5§ 35 65 95 125 155 185 215 245 275 305 335 365 395 425 455 485 515
Week #

60.00

{‘Il

4000 oo 5

20.00

n:

Weekly Integrated Luminosity (pb™)

2000.00

o
o
=]

(Week 1 starts 03/05/01)

—— R rr—
; CMP CSP
PR A S A\
4 = N\

west CMX (miniskirt) east
Muon chambers
used in this analysis




CDF analysis history

B+>p*uK* and BO>ptpK®
Phys. Rev. Lett. 83, 3378 (1999).
k 7

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

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

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

Search for the Rare B Decays B*> p*uK’,
B°9|.|+p'K*(892)0, and B> p*y- ¢ at CDF
- Phys. Rev. D79, 011104(R) (2009).

—
| Measurement of the Forward-Backward
EWR A\symmetry in the B>KO p*y- Decay and

CDF Runll 4.4 fp ; i '7_ First Observation of the B.0>@u*u- Decay
~=1 . Phys. Rev. Lett. 106, 161801(2011) D

CDF Runll 924 pb-' (€M

This talk:
Update using 6.8fb™"
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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™

G067 <~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
o 004} o +
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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Angular analysis summary

B> K*0 pp

q2 range FL Arg 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) 0407710 £0.02  0.4270:57 +0.10 —1.04705F +0.46  0.477058 +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 up

q2 range FL Arp Af-l?} Alm
[0.00,2.00) 0.307, 12 £0.02 —0.357] 25 £0.10 —0.97 75 £0.35 0.217 535 £0.10
[2.00,4.30) 037705, £0.10 0297032 £0.15 1.347770 40.92 —0.727530 £0.21
[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) 0.207512 £0.05 0.65T)15 £0.16 —0.6975 5% £0.28 —0.207)33 £+ 0.09
[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*+pp ¢’ 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”)
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c0os0y cOoSBy cosf, cosb, cosf, 0] ¢
?35 _10.09511’412 86 (Ge\ﬂfc S 2514.185q<16.00 (GeV/e| T 5 _15.005q2<19 30 (Ge\f’fc T 40f0.09=q7<12.86 (GeVic?| & [1a.18q<16.00 (GeVaieT] & 24F16.0020<19.30 (GeVere] & HOfi0.00si<12.86 (GeViicy) B pgfiae=ai=16.00 (GeViie?)) & [16.00<q°19.30 (GeVic?)
e =) S. . oS30 m catm 2 b . < 1af =
= = = Data = Data = Data o 35F ®Data = Data S Data
@ 30f gptal fit | G20 —gptal ft | @ 350 _Total Fit W | —Total Fit % 20F —Total Fit A =Total Fit £18 =TomlFit| S, —Total Fit
2 ignal = < 30| --Signal < 25/ --Signal + 18} -~ Signal @30F --Signal | @ 16 --Signal | @ --Signal
g 250 - gg Swap g - gé Swap - Kz Swap g - -Kr Swap g 16} - K1 Swap P - Kz Swap| £ 14 - KaSwap £ qof --Kn Swap
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W
1 12 10
10 10 8F
H 2 6
5 4 4
g ; : B 2 2
L. S . O , e :
% 95 0 05 1 @ 05 0 05 1 % 050 05 .1 9 05 0 05 1
coso, coso, cos0, coso,
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