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New Particles, New Physics, Super B
lom Browder (University of Hawaii)

* New Particles (strong interaction)

* New Physics in the weak interaction (with some
recent examples from BaBar and Belle)

« The Super B Factory upgrade at KEK

(including the latest news on crab cavities,
schedule etc...)

Apologies: Will cover only a small subset of relevant B-factory
results, many highlights but no detalils.



Integrated luminosity at B factories
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May be time to switch units to ab™




One Example of the Surprises
at the current B Factories

 Many narrow unanticipated new particles

» Although the strong interaction is “well-
understood”, these particles were not
predicted in the Physics Reports, Yellow

Books, review committees and workshops
that preceded the B factory

[Could there be surprises in the weak interactions of quarks ? ]

[Lesson for the LHC ?]



Particle Physics Textbooks

Textbook of Perkins, Introduction to High Energy Physics p.118

“The states observed in nature consist of three-
quark combinations (the baryons) and quark-
antiquark combinations (the mesons).”

Yes, but other possibilities such as 4-quark or
guark-antiguark-glue combinations are not
forbidden by any conservation law.



One approach to going beyond the
textbook: ook for non-gg mesons

4 (& perhaps 6) quark states

“hybrid’ c-|q-gl uon states




B-factories produce lots of cC pairs

Color-suppressed B decays
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Selected News on the “ X,Y,Z” particles

Status summer 2007: New Belle/BaBar results:
« X(3872)
> - wrn Jhyin B2>KrnnJd/y
_____X(3880)->DD
* Z(39?LO) _ -ete"> Jy DD
— DDinvyy-> DD
/confirmed by BaBar
* Y(3940)
- oJyin B2>K ol
updated by Belle
. X(3940)/ ~
- ete2Jy X & e*e > Jhy DD* Y (4008)?
____ X(4160)->D*D*
* Y (4260) - e*e"> Jhy D*D*
—> - wrlhin ete Dyt Jf\p + Y(4250)
« Y(4325) Y(4370)
/>

— wry' inete>yniny’ __ | Z*(4430)>7ry
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X(3872), thefirst one

BELLE CDF DO
[T T &1 Ia) IdGItCI ' ] 3990TcoF i 1400] N_g 800-DO X(3872)
- . 1300 S :
300 — — .
> - Standard 1 o . —
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E : : g 1000+ -§ r y % 10000
Q 100 - ] 8 8. |/ £
L B 1 500 200_ / S 0'
- L 29 3 31 32 353
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M) - M( ) ) MJ/y )
based on 152 M BE evt _ PRL 93,162002,2004
ased on CViS. PRL 93,072001,2004
PRL 91,262001,2003
5-K Choi, S.L Olsen et dl, and by BaBar in| PRD 71,071103.2004
WA Mass: 3871.4+0.6 MeV Mpo + Mp+o =3.871.8 = 0.4

(Clue to its nature)
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Combined with angular analysis,

* Belle & CDF:  JP¢ = 1** € most likely

J=2 also allowed



What' s new with the X(3872)?

BaBar confirms Belle’s DDt threshold enhancement

0 0.0255

Both groups see a high mass value

Belle Mass |BF(B* & B9)

3875.2£0.7°03 £0.8|  (1.2240.31733 k107

BaBar Mass | BF(B*)

3875.1£1.1£0.5 | (1.67+0.36+0.58)x107"

DD b e Tlaesemse LN 7T n <
bdabdl bug. LITor TU./ -U.0

i Mass is 3.8+1.2 MeV above

WAvg X(3872)>7nnJ/y mass;

MDD -2MD-M(n") GeV,  (~30) is this significant?

BaBar. submitted to PRD-RC
based on 347fb™!




Belle'sB? 2K X & B+ 22K*X comparison

Consistent with an earlier BaBar result but much higher statistics

Clear signal in the neutral mode

JEN JBE 3BT 380 385 25 319 B2 2583 384 385 3B6 387 388 388 38 3%
MLy o) -M (v 3.086816 (GeVio™) My 2] =M 5308681 6 (Gevich)

20 6+6.7 events 125.2+14 5 events

0 0 1mfroma
X (387
B(B+ _}KJFIL(_ : 2']): 0.94+0.24(star )= 0.10(syst)
B(B — K X[?’STE)) < A“mo|e(;u|ar” model

predicted this to be <<1

AM =022 + 0.90 + 0.27 MeV (Braaten et al PRD 71 074005)
Belle-CONF-0711 \rly “diquark-antidiquark” models
05 predicted this to be 843 MeV

(Maiani et al PRD 71 014028)



|stherea ct dot for the X(3872)7?

1++ (Xcl.)

*Br(yJ/vy) too small
*Br(pJ/vy) too big

2(M)

" N,2pJ/Vy isospin forbidden
s, = D°D%° @ thresh.suppressed
sooof IS = B->Kce(JT=2) suppressed

0-+ 1- 1+- 0++I1++I2++I2-+I2--I3--I3+-I3++I4++

JPC




What is the X(3872) ?

The mass, width and decay modes do not appear to
correspond to those of any predicted charmonium state.

One possibility suggested by a number of
authors is a loosely bound S-wave molecule

of charm mesons. 1/\[2(D° D*bar + D'bar D™)

F. Close, P.R. Page, Phys. Lett. B 578, 119 (2003)
N.. A. Torngvist, Phys Lett. B 590, 209(2004)

E. Braaten, M. Kusunoki, S. Nussinov, Phy. Rev. Lett. 93, 162001 (2004)

Another intricuing idea: X(3872)= ¢ cbar u ubar

state. In such a 4-quark picture there should be
charged and neutral states

L. Maiani, F. Piccinini, A. D. Polosa, V. Riquer, Phys Rev. D71: 014028 (2005)



The 1~ statesseen in | SR

/9 (y')

(Until recently this was not a very fashionable reaction)



ete” 2 Yien Y(4260) at BaBar

AN AN

BaBar PRL95, 142001 (2005) fitted values:

=

B | M=4259 + 8 *2 MeV

(233 fb! [=8823* MeV

Events / 20 MeV/c?
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"Y(4260)" at Belle (New)

M=4247 + 12 *17 MeV
=108 + 19 £10 MeV

BaBar values:

M=4259 + 8 *Z MeV
=88 +23*6 MeV

M=4008 + 40 *114 MeV , l
=226 + 44 +87 MeV ;

< 00 ------- Solution |

s\ r i  mmms Solution I
o
N
—
B
QL
0

Resonance?

Thresh effect? |

2 RS - - _.L.
P 1 O 2cdaLnh== A =
Z 4 5 5

M(n Jy) (GeV/C )

C.Z Yuan et al (Belle)
5 arXiv:0707.2541
To appear in PRL




No 1-- cc slot for the Y(4260)

35 X.H. Mo et al, hep-ex/0603024
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Is the Y(4260) a ct-gluon hybrid?

qq-gluon excitations predicted 32 y@™i4

Horn & Mandula_PRD 17, 898 (1977)

lowest 1-- cc-gluon mass ;@™ &d at ~4.3 GeV

Banner et al, PRD 56, 7039 (1997); Mei & Lug” ./ -~ N5 45 (2003)

relevant open char® _aVtshold is D**D (~4.28 GeV)
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BaBar’s tt my peak at 4325 MeV

298 fb-! (BaBar) hep-ex/0610057

+A- = e’
e'eDYr T Y Nevt = 68 (<5.7 GeV/c?)

L | [ ' T T T T T T I T
3 | BABAR [ 7 Dum i Nbkg = 3.1 £1.0
% | preliminary s Y(4260) + BKG i
> 10— = New resonance + BKG — M:4324 + 24 Mev
*S‘ : [ ] BKG (non-y(2S)) :
@[ i I'=172 + 33 MeV
5| I
l \ \ ‘ ‘ above all D**D
| bl L thresholds
i —25 5 55

M2 n)Iy) (Gev/d)

Not Compatible with the Y(4260)

e Il < 5.7 GeV/c?
Y(4260) HARRIE
w(4415) RRALRE

Y(4320) PLRA

BaBar PRL 98 252001 (2007)




4325 MeV n'ny’ peak in Belle (new)

Two pCGkS! (both relatively narrow)
(& both above D**D thresh)

(& neither consistent with 4260)

M=4361 + 9 £9 MeV
'=74+15 £10 MeV

M=4664 + 11 +5 MeV
| /IF=48J_rl5 +3 MeV

- BaBar values
015} NN M=4324 + 24 MeV
= I =172 + 33 MeV
=
010
N I
) a
QL
= 5
= YL
|
O [ S — - .______II_ : e e SRR EE=EEEE
4 45 5 55 X.L. Wang et al (Belle)

V] (TE+J.'E._1|1(28)) (GeV/C2) arXiv:0707.3699



From the major Japanese newspapers on Nov 10
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M2(ny') GeV?
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M(t+y’) from B2K nt* v

Veto

M = 4433 t4 +1 MeV

[t = 45 *17 30 MeV
-13 -11
Nsig =124 + 3levts

I N N
0.5 1 1.5

M?(KTt) GeV?

BRH

3.8 4.05 4.3 4.55 4.8
M(ry') GeV

K. Abe et al (Belle
arXiv:0708.1790, submitted to PRL



Comments on the Z2*(4430)

Not a reflection from the Kn system

No significant signal in B> KnJ/y

It has non-zero electric charge = not ¢t or hybrid

Mass, width & decay pattern similar to Y(4360) & Y(4660)




Ientative conclusions for the new states

There are two four-quark or molecular candidates: the
X(3872) and Z(4430). The Z(4430) is charged and so cannot

be conventional charmonium (c cbar bound state).

The Y (4260) and its partner Y(4320), first seen by BaBar,
are good hybrid candidates. Belle found that there appear
to be extra states nearby 1n each case.

L <

The effects of thresholds and mixing between states can
casily complicate these simple interpretations

None of this was anticipated




Surprising Results from the Y{5S5)

T
PRL 54, 381 (1985)

1985: CLEO,CUSB @ CESR ~ 116 pb-1 321

2003: CLEO lll @ CESR ~ 0.42 fb1 sof |t
| Y(59)

ro
@

I:'t"«.l'IEIE'.LE

2.6

Motivated by interest in studying 27}.
BSdQCQyS o6 6 1o uz

W(GeV)

2005: Belle @ KEKB ~1.86 fb!

engineering run

2006, June 9-31: Belle @ KEK
=21.9 fb!

KEKB is flexible: Belle has ~ 23.8 fb~1 of Y(5S) data




Expectations for non-B Bar decays of Upsilon(5S)

(OZI Suppressed)
'(45) Y(55)
[ =20.5 MeVv T =110 MeV
I'ee =0.27 keV I'ee =0.13 keV

Y(4S) = Y(1S)7 7z~ =(9.0£1.5)x10°°

Y(4S) = YQ2S)7'n =(8.8+1.9)x107°

PHYSICAL REVIEW D 75, 071103(R) (2007)

> 3rd peak Y(4S) »>Y(1S)n*r

477 o 0.5

1 ~1.7x105

100

LTt expect only limits ...
1.06 1.08 1.1 1.12 1.14A‘|I\,.|1(6G1e_:‘3c21)_2




Entries / 0.01 GeV/c?

Entries / 0.01 GeV/c?

=

O R NWdhd o N OO

Surprise: There are huge signals

YES)-YESET Y(3S)

“Y(5S8)” = Y(nS)Tn-, Y(1S)KK-

~ 10.8 - %
« ~ ’ . S 7Y (5S)'—Y(2S)n' e
3 S 6 £ (a)uunr candidates | & ©F Y@S)n'n
04 045 05 055 06 065 2104 S
AM = M(upmm)-M(up) (GeVic?) = - = g
3102 £
E :': . .".' % w
10 |2
9.8 [ T
96 - it 1
- Bt 531 ©100F
9.4 [ 127}
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9.2 - C | ¢ eof
[ | L L g | L | “:‘--|-| L L L |. L L '|:|‘|"|‘ i é |
¥ =07 06 o8 1 12 14 5ot
square box gives ~ 3.90 AM = M(uprn)-M(up) (GeVic?) 20| ) )
E Y (5S) S Y(IS)KK TASK'K| Q25 13 %.35 14 145 15 155
~ i . AM = M(uunr)-M(up) (Gev/c?)
3 490 "§ 3 (b) uLKK candidates H H
2 ’ 8 96
4 e - -
o =
H = 92}
prpe e e e ) evasme o ra o o I A M g L | o P TR RTINS RN,
25 13 135 14 145 15 1¢ 0.4 0.6 0.8 1 1.2 1.4

AM = M(uuKK)-M(up) (GeVic?)

AM = M(uuKK)-M(up) (GeVic?)



Y'(5S) : Two orders of magnitude too large !

Assume “Y(5S)” =T (5S)

PDG value taken for Y'(nS) properties

N.B. Resonance cross section 0.302 £ 0.015 nb at E¢), = 10.87 GeV

PRD 98, 052001 (2007) [Belle]

Process N. Y Efi(%) a(pb) B(%) [(MeV)

T(1S)r™ 7~ 3BT, 200 374  160£0104£012 0.53£0.03£0.05 | 0.58£0.04£0.09
T2S)r™n™ 186415 140 189  2.33£0.19+031 OT'iDﬂGiﬂH 0.85£0.07£0.16
T3St 105735 320 15 14370 £019 047705 £007 | 052705 £0.10
TAS)KTK™ 2027: 49 203 0184755 £0.028 OﬂGl_M”iU[}lD 0.06775 ot £0.013

Y(2S) » Y(1S)n'n~ ~ 6 keV

Y(3S) 0.9 keV
Y(4S) 1.8 keV
Y(5S) 580 keV

o Is this really the Y{(5S), or is there something else
e.g. a Y, state that overlaps with it? (like the Y(4260)).
=——>Need CM Scan to tell

Last week of December run for 10 days

BELLE-CONF-0774, hep-ex/0710.2577




NiAaw:, Dhwhw/o
NEeW FNyS

(in the Weak Interaction)

S

FS'

Are there new particles beyond those in the
SM, which have different couplings (either in
magqhnitude or in phase) ?

Supersymmety is an example (~40
new phases)



One method to find New Physics Phases

Example: Iy KM phase ;
s Vil
qb,Tl., K+K- A °
8 T B E E é 9 ]
K : 8

, d * =

SM: sin2 f: sin2¢, fromB2J/wK°%(b-=>ccCy9)

unless there are other, non-SM particles in the loop




How New Physics may enter in b=2s

New physics in loops?
% g
B 50

—S
S

Many new phases are
possible in SUSY

O(1) effect allowed
even if SUSY scale
is above 21eV.



New Kaluza-Klein (K.K) particles are
associated with the extra dimension.

(“Tower of states”)

Extra dimensions (by

Randall + Sundrum)

Some may induce new phases and

flavor-changing neutral currents.

RS1
SM

Const. g ?

Two Aspen talks: G. Perez, C.Csaki

e.g. K.Agashe, G. Perez, A. Soni, PRD 71, 016002 (2005)

SB,—vo| Sbg—eic, | Brlb—slTI7] | Sa, —krev | Sy —picty
O(1) |sin23 + O(.2) | BroM[1 + O(1)] a1} Of1)
Al sin 23 Br®M ™e (sin23,A%)| =2 (A2, sin 25)
iy : Ty

Model: K.K. Gluon near 3 TeV

++CPVin D
decay



Time Dependent CPV in B° decays

EFBO\(At)

[ 50(At) A

AN

Acp(AD)

_ T'go(At) —T'go(Al)
o I" 5o (At) + I'go (At)
= Ssin AmAt + Acos AmAt
Mixing-induced CPV Direct CPV

e.g. for B2J/wKs
§=—Epsin2d, = +sin2¢;,
A~0

(Ecp : CP eigenvalue 1)

N.B. Time integrated mixing-induced asymmetries vanish




Entries /0.5 ps

Asymmetry
o o
(8]} o t
R == == === umm i L L ' Y B L L
o
".",.'-*’-
s _ ’
< +

535 M BB pairs 77 7 % s

previous measurement
sin2¢,= 0.652 £ 0.044
(388 M BB pairs)

sin2¢,= 0.642 +0.031 (stat) £0.017 (syst)
A = 0.018 £0.021 (stat) £0.014 (syst)

hep-ex/0608039, PRL



BaBar + Belle

BaBar . N 0.710+0.034 £ 0.019
I:1 l I

No reference yet

Belle 0.642 + 0.031 £ 0.017
H——t—4

No reference yet

Average . 0.674 +0.026

HFAG ;

0.5 0.6 0.7 0.8

(A
YV
a

romm

vy Precise measurement of the phase
Yes erfc%ymsm S 1Oaa) on and
0] IXI (< ¢ 9 €rId :

II.‘

erence omt for NP se3rch



Belle: tCPV in BY > ¢KO [z

a.k.asin(28)

At distributions and asymmetry

Entries / 2.5 ps

Asymmetry

60

B oK =t

@ Consistent with the SM (~1c lower)
@ Consistent with Belle 2005
(Belle2005: “sin20,” = +0.44+0.2740.05)

i
o

N
o

> ¢K and @K, combined

» background subtracted hep-ex/0608039,
» good tags PRL 98, 031802(2007)




BaBar: ¢K° using B® » K*KK°
M [hep-ex/0607112]

Fit to low mass KK~ region (<1.1 GeV) to § ©f Pe'mny
extract pK° and £,(980)K® CPV parameters 3
Acp(0K®) | —0.1840.20 + 0.10
B (0K ) 0.06 + 0.16 + 0.05
B measurement (not sin2[3) e =
TSP e v s Y T ]
S : =~ aE
05 :— Main Systematic —— i
Contribution
r = IDalitlz motliel . . . ]

1
-8 B -4 -2 0 2 4 B 8

\ OKO: sin2f3.+=+0.12 £ 0.31(stat) £ 0.10 (syst)

a.k.a. sin(2 ¢,)



2007: Hints of NP in b = s Penguins ?
sin(2p°") = sin(20:") EE Smaller than b—ccCs

PRELIMINARY ®
b—ccs World Average ; d- : 0.68 +0.03 ln 7 Of 9 mOdeS
: c:x BaBar --—-—- ?'021 +026+0.11
= Belle § 4 1 050+021+0.06 some of recent QCDF estimates
g,  BaBar v—-s | 0.58+0.100.03 | SIN2 Bleer— 5'1|112[3I |
= Belle .-« 0640102004 oK, = ThGOI’y pI’CdiCtS
z‘” BaBar i - 0.71+0.24 + 0.04 K, = . hift
o Belle ! i | 030:032:0.08 5 oK, — positive shitts
< BaBar ——i| . 040+0.23+0.03 oKy —
R Belle ! | } 0.33+0.35+0.08 KKK ——
P’ Ky BaBar 3.&‘51 *022 4 0.09 + 0.08 3K, C
& BaBar 0.62 05>+ 0.02
S Belle : ————— [ [ 0.11+046+0.07 | . . | . |
g BaBar —— || 02550262010 -01 ° o1 02
~° Belle ! e [ 01820231011 AsInZp
i alop : : H
*  Bele | gfjiﬁj;jgzj Naive average of all b = s modes
% BaBar | § L 07620.11 755 . eff —
; Belle | 4—0.68 +0.1520.03 7 SlnzB 056 T 005
b—qqs Naive average b f 0.56 + 0.05 d . . f
_2 : ' 1 — |2.2 6 deviation from SM

(CL=3%)




Extrapolation: B > ¢K° at 50/ab
with present WA values

o o
P s}
4 O

: £ gKO %

R )

This would establish
the existence of a NP
phase

Compelling measurement in a clean mode
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Belle DO K*K-/ '
o (a) KK
-2000 0 2000 t(;l.g)[][)
:5[]'16
Z“ 015
Difference of lifetimes .*
. +.,0.14
visually observable >
013
012
3.2 o from zero
(4.1 o stat. only .
0.1

" u " D
Evidence for D® mixing
regardless of possible CPV

¥?/ndf=1.084 (ndf=289) /

PRL 98, 211803 (2007), 540fb-2

E K*K-/n*tm

y=AT/(2T")

0 2000

yep =(1.31£0.3240.25)%

| 4000
t (fs)

negligible CPV, y-p=y



BaBar D-mixing Signal in D’ 2K*

"« Data -

*Fit results: 1600F } - =
- a Mixing fit =
Ro: (3.03+0.160.10)x10°3 » 1200 BB B Rerdonr,
x2: (-0.22+0.30+0.21)x10? 3 1000 —LoniaE
y: (9.724.4+3.1)x103 £ goo-  fa L Nomixing it 3
> 600F- =
4005 -
200} =
sol. ) ¢ data - no mix PDF
L) n — mix - no mix PDF
e =S
x=Am/T’ y=AT"/(2T) - E
The quantities x’, y’ are rotated versionsof x,y ~ F. . ., =700 L .
-2 1 0 1 2 3 4

The rotation angle is an unknown strong phase ¢ (ps)
WS mixing fit projection in signal region
1.843 GeV/c?2<m < 1.883 GeV/c?

) 0.1445 GeV/c?< Am < 0.1465 GeV/c?
CDF confirmation

discussed on Monday



BaBar Decay time distributions

Events/0.05 ps

|_2 . 0 | e

1=409.3x0.7

e

.
P

T

KK ’

T |

Tex |

410

fs]

Events/0.1 ps

Events/0.1 ps

Krand KK lifetimes differ!

SRR LU 2P
B g‘gllg#as I:‘Sigﬂal 7 B g‘glﬁf?ﬁs / Esignal
g Charm E 10 Charm 3
B 2 e
107 - 41 RI0F N =
1
§ @
10E 3 10 4
5 : | el s
5 x 0 | 2 3 4 5 a1 0 | 2 3 4
_ t (ps —_
1=401.3+2.5 ®s)  1=4045+25 1t ®)
fs fs
10 - 10
2
10° 5 sIv
E a
=4
&
10k g 10
L 0 I 2 3 4

-1 1””””?'”4

t (ps)

() 1=407.3+3.8

1=407.6+3.7
fs fs

Confirms Belle result
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Summary of D mixing

semileptonic, K*n-, Ksnr, y.p, K'n ', Kfnnttn-, y(3770)

Belle,BaBar,CLEO
combined

Large mixing is

y=AT'/(2T") 1::_ Y established.
0.5 (may be
oF-— compatible
o5 with high end
Tt of SM predictions)
14705 0 05 1 15 2 25
x=Am/T X (%)

Why is D® mixing important for Super B Factories ?




2nA* 2 :
77/1 ~O0(107)  CPV in D system negligible in SM

q 4 _ Ay ,
CPV in interf. mix./decay: Im;A— =( +7M)e "#0,0#0
f

mr ot LTy e ) :E
17€ EXLSIENCE O] D MIXING (L] X LS NHONn-2€ro) .
allows us to look for another unconstrained
NP phase but this time from up-type quarks.

5

95 5 @5 o0 05 1 15

(c.f. CPV 1n B, mixing)

Current sensitivity ~£20°, 50 ab-! go below 2°



Rare Decays with Large
“Missing Energy”

(New physics couplings in trees)



Sensitivity to new

physics from (H+,W+)
charged Higgs ifthe ¢/ S __
B decay constant is

known

\

G2 f 2 f
B(B+ N 7_—!—1/7_) - FilB 72- (l B THT) fBH ‘ETB

mp ﬂ

The B meson decay constant, determined by
the B wavefunction at the origin



Most of the
sensitivity is
from tau
modes with 1-

prong

+ + + +v v
B*>1tv, T">e"V Vv,

The experimental signature is rather difficult:
B decays to a single charged track + nothing



Example of a B2t v candidate

Exp J2 Run 8f8 Farm O Ewvert 1707493

B E L L E Ehor G.00 Eler 0.00 Mon Feb G 17255248 2004

Tag: B>DOr,
DO >Knnr

Very difficult or impossible
at a hadron collider



Evidence for B'— 1v (Belle)

449 x10° B pairs BtaﬁD‘*’[n,p,m,Ds‘*>]_680k tags, 55% pure.
5 1 decay modes

f 17.2753

——

Events / 0.1 GeV

systematics,

_F 4.6 stat. significance w/o
—~

] After including systematics
. (dominated by bkg), the

: significance decreases to
- 3.50

b ———' MC studies show there is a small peaking
EccL (GeV) bkg in the = 7wl v and t> 7w v modes.

Extra Calorimeter Energy



Direct experimental determination of f,

Product of B meson decay constant f; and CKM
matrix element |V |

S5 XV, =(10.155717) <107 GeV

Using |V, | = (4.39 £ 0.33) X103 from HFAG

Sy =229751"5 MeV

(PRL 97, 251802 (2006))

Theory:  fg=216 +22 MeV (an unquenched lattice calc.)
[HPQCD, Phys. Rev. Lett. 95, 212001 (2005) ]



Constraints on charged Higgs mass

300
. Use known f; and |V, |
- Ratio to the SM BF.
250 >
I r, =(1——Ltan’ )’
O m
2 H
> 200 r,=1.13£0.51
Co
o L
% = 3007
ZR
Elﬁﬂ_— 250/
I I%J‘zoo:
100 >t
B = 150]
[ = r
L LEP Excluded (95% CL.) 100
5[] | | 1 | 1 1 1 | 1 | | | 1 | | | | 1 1 :
0 20 40 60 80 100 B LEP Excluded (95% C L) |
sob o o L 1 L Ly
0 20 40 60 80 100
tﬂ]]lj tan B
Compare to direct searches for H* At 50 ab-l




W t,c _
b S b é é S
4 w
Z ; ;
(a) (b)
b= s with 2 neutrinos
SM: B(B>K vv) ~1.3 x 10 : " S
B (B>Kvv) ~4 x10° : DAMA
(Buchalla, Hiller, Isidori) B fol

PRD 63, 014015

* New Physics in Loop
* Light Dark Matter (M~1GeV)

No sensitivity to M<10 GeV in
direct searches

1077}

Cross-section [cm

-+3 15 s LD 07 5 )

10
10

107 10

WIMP Mass [GeV]



D>

F=1B 5 h() vv (b>s vv penguins)

BELLE

_ |
arXiv:0707.0138v1[hep-ex]; submitted to PRL B _ oelpHl;
| Bele 4 0 sy [iLH
Mode Nops N, U.L. . z "’;H"J‘f}
KOw |7 4.2+1.4 <3.4 x 104 T
K+ vv 4 5.6 +1.8 <1.4 x 104 { Belle | . b
K*w |10 [20.0+4.0 <1.4 x 10 munimd BRI St
KO vv 2 2.0 0.9 1.6 x 104 By || grantvy
w33 |25.9%3.9 <1.7 x 10 K* v TR
w11 3.8 +1.3 <2.2x10* e
—pvV
P vv 21 11.5 2.3 <44 %104 e[y ™
— Light dar
p* vV 15 17.8 £3.2 <1.5x 10+ o 7
A 3
O Vv 1 1.9 £0.9 g
Need Su per More stringent U.Ls -
B Sta_t'St'CS Bf (B—K* w)g,=1.3 x 105 =,
for discovery BAB—K wv)gy=4 x 10°

my (GeVie)



Comments on Super B Factories

(recent developments and political, funding
issues are included)



Lessons of History

New Physics is usually discovered first in loop
processes, which involve high mass virtual
particles. (Heisenberq Uncertainty Principle)

Example I: Absence of K; 2 allowed theorists to deduce the
existence of the charm quark. The rate of K mixing allowed a

rough determination of the charm mass.

Example II: The absence of b->s decays and the long B

c
lifetime ruled out topless models. Large B, mixing showed & Vit b /2
e
d

the top was heavy contrary to theory prejudices of the time.
Radiative corrections from Z measurements determined the ,
rough range of the top mass. Vy

d

at the Tevatron. However, the couplings [V, [V 4| and most
importantly the phase of (V) cannot be measured in direct
top production.

Beautiful and precise measurements of the top quark mass Q




The Super B Factory is part of a Unified

and Unbiased Attack on New Physics

v expts accel, reactor,
LHC, ILC g,-2, L—>ey, Project X..

Higgs boson ma& /

and couplings. New ¥ v mass and mixing,

s
®)
particle searches ’éz'? @ CPV, and LFV
L

Quark sector

T LFV, Flavor mixing,
Tt CPV | CPV phases

KEK Super B Factory,
LHCDb, Rare K expts, BESIII...



Super B _Factory vs current sensitivities

Ohservable SFF sensitivity Clurrent sensicivity
sin (23] (J k") 0,0005-0,0112 0.01
v (DK 1-2° o 31% (CKMFitter)
a (7w, pw, pol 1-2* ~o 16% (CKMFitter)
|V | (exc]) 355 ~ 18% (PDG review)
|V | (incl) 2-6% ~ B{PDGreview)%
7 1.7-3.4% e
f 0.7-1.7% +4.6%
S{aK™ 0.02-0.03 0.17 —_—
L] - - e
Hard to condense all the Stn X 0.01-0.02 .07
) BB —Tv) 3—4% 30% _—
NP observables into one B(B — ) 5 — 6% not measured
sound bite...... B(B — Drv) 2 — 2.5% 31%
B(E — p7v)/B(B — K" 4% 165
Acpib — 57) (. 004-0.005 0.037
Acp(b— s7 +dv) 0.01 0.12
S(Ksm™y) 0.02-0.03 0,24
S(p") 0.08-0.12 0.67
AFBIB - Kt 4-67% not measured
BB — Kvr) 16-20% not measuredd < ———

BB — siti=)

BiB — dit i, not measured

ép (NP phase) +(1 —-2)° ~o 2207 _—
Bt — pv) (2 —8) =107  not seen, < 5.0 = 10~%
Blr — ppu) (0.2 —-1) = 10" not seen, < (2 —4)= 10~"
Bit — um) (0.4 —4) = 10~ not seen, < 5.1 x 10~°

(50-75 ab!)

From TEB et al., hep-ph/0710.3799 and RMP in preparation



Recent Developments for the
Super B Factory Accelerator

SuperKEKB final design luminosity is 8 x 10°°/cm’/sec

Low emittance/ILC inspired INFN design is ~10 x 10%>/cm?/sec

c.f. Current KEKB luminosity is 1.7 x 103%/cm? /sec

1o address the full array of new physics searches,
requires 10-50 ab™! of integrated luminosity

c.f. Current KEKB integrated lumi 0.75 ab™"




The KEKB Collider (Tsukuba, Japan)

8 x 3.5 GeV

Belle detector :
SCC RF(HER) g 22 mrad crossing angle

_ a7 ) ".‘-‘v 4
i > ]
ARES(LER) 5 t\/-

W !

World record:
L = 1.7 x 10°¢/crmé/sec

‘ --

Ares RF cavity

Qa — e* source

>,

Corkheads Australian Bar "



@ kiks  Super B Factory at KEK

uest for BSM

RF deflector
— (crab cavity)

Kick

] s . KN\ el@o;rOos é\“on’é M/
New Beam pipe %‘N‘K ‘ L o
crossing angle

head-on collision
5. W I’

Ante-chamber & solenoid coils
to reduce photo-electron clouds

bt

More RF power

Damping ring

=

-~

SR

Linac upgrade

’ P
[Beam Channel] [SR Channel] Cooling Channel

L, = 2x10%%/cm? /sec| =——=> L, = 8x10%/cm? /sec




New site next to Frascati

3 582 between 3.0 Km  amd 22 Km

The Competition based in Italy SREE SO S T
SuperB @ INFN o

Conceptual Design Report has
been finished. Review committee.

PEP-II SuperB
Oz lcm lcm
O1/2 0 25 mrad
Ox 100 um 2.7 um
ozt lem 40 um Beam size
By 0.8 cm 80 um _
Oy 4 um 12 nm
&y 0.07 <0.07
£ ~10* ~10°%

v

Question: 12 nanometer beam spotin y, 2.7
microns in x. Is this possible in a real 2-3 km
circumference multi-orbit machine ?

(Collaboration on beam dynamics with Ohnishi, Ohmi)



Super B Engineering: Crab crossing

RF deflector
. . . (crab cavity)
Superconducting crab cavities (1 LER —_
. B sf e -
and 1 HER) have been installed and o[ B o~ o
now are being tested at KEKB. - A
1/ L crossing angle
/,./. ’/head-on collision H‘H_x
] Pt T |

i b h e




Crab Performance and Specific Luminosity
at KEKB

25_"'I D

T ) |

& . Crab-crossing J

The highest beam-beam is ~0.08.
Close to the LEPII record

i

- Before crab, max

e (%)
N o
T | T T T T | T T T

—te
=
T | | —

b_eam-beam was 0.052.

o
T T | T T T
I

Specific Luminosity/bunch
[10¥cm™s '/mA?]

b e b e e ]
00 2 4 b 8 1 1.2

* g
lpunch ver * lbuneh Ler [MAT]

So far (best with crab, l(e+)=1.6 A, I(e’) =0.8 A)
L ~1.47 x 10%*cm—=s™"




Belle Detector before the Super B upgrade

SC solenoid n=1.015~1.030

1.5T

Csl (TI) 16X,

\‘ ‘ i/ K, detection
' 14/15 lyr. RPC+Fe

Aerogel Cherenkov cnt.



Requirements for the Super B detector

ExpMC 2 Exp 25 Run 1886 Event 1
Eher 8,00 Eler 3,50 Date 1031120 Time 90351

B ELLE TrglD ODetVer 1 MoglD 21 BField 1.50 DspVer 7.50
Ptot(ch) 0.0 Etot(gm) D.OSVD-M OCDC-M 2KIM-M @

Issues:
» Higher background ( x20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x50)

- higher rate trigger, DAQ and computing
» Required special features

- low p p identification < suu recon. eff.
- hermeticity < v “reconstruction”




Super Belle: A detector for SuperKEKDB

Faster calorimeter with
rm sampling and

KL/u detecti
with scintilla
and next gene

New p

article identifier with
renkov device:

f

rsmall cell’

| tolerant

g detector




Schedule and Plans at KEK



KEI " 5 y ar F\’Qadmnn

 Official 20 page report released on January 4, 2008
by director A. Suzuki and KEK management

« KEKB’s upgrade to 2x103° in 3+x years is the
central element in particle physics. (Higher luminosity
IS not excluded.)

— Will be finalized after recommendations by the Roadmap
Review Committee (March 9-10).

* Membership: Young Kee Kim, John Ellis, Rolf Heuer, Jon Rosner,
Andrew Hutton and reviewers from material science

and other fields.
Super-Belle (and Super KEKB) is an open
international project.

Please join us for the next order of magnitude of
exploration on the luminosity frontier




Backup Material



Preliminary schedule for Super Belle Detector Upgrade

2007 2008 2009 2010 2011 2012
10 1 4 7 10 |4 4 7 10 |4 4 7 10 |1 4 7 10 |1 4

Experiment at KEKB KEKB/Belle upgrade

S = ¢

\\F

Detector Final detector
Study Report design
(March 08) (April 09)
2007 2008
|10|11|12|1|2|3|4|5|6|7|8|9|10|11|12|1
Detector proposals Internal review
T ......... T prop T > € >
BNM Pre kick-off Kick-off
(January 08) meeting meeting
(March 08) (July 08)
Meeting plan
> One-day general meeting and

.. an IB meeting at every BGM
We invite new collaborators g Y



Table of Super B sensitivities at 50-75 ab™’

Ohservable Super Flavour Factory sensitivity
sin{ 23) (J /o K" 0.005-0.012
w (B — D=l K(=]) 1-2
v (A — ==, gn, ox) -2
| Vih| {exclusive) -5
| Vig| (inclusive) 2-6%
3 1.7-3.4%
1] 0.7-1.7%
SR 0.02-0.03 <—
Hard to condense all the S KO 0.01-0,02
NP observables into one S{KIKIKE) ﬂ.ﬂz—%m
. BB — 1) 3-4% <
sound bite...... B(B — uv) = gl
BiB — Drv) 2-2.5%
BB — pv)/B(B — K*vy) 3-1%
Arplb— sv) 00040005
Acp(b— (& +d)y) 0.0
SR =04 0.02-0.03
S{ g0 0.08-0.12
AFR(B s X 0+ 5 4-6%
BB — Kvir) 16-20%, <—
Bir — pvy) 2-8 x 10—~
Bir — ppp) 021 =« 109
Bir — un) bd—4 = 109

From T. Browder et al., hep-ph/0710.3799



Backup slide for Z(4430) discussion

Iable 3: cos# -dependence for the s, K800} and K3(1430) helicity states,

eS0TI

5 - [
Lonegitudinal o

. !
Lransverse

;
K*(890)
K3 (1430}

constant
i i

b 1

0= Irfé — %

TI'E sin i

1

b 152

sin B cos

Ewventa/bin

Interference between K*’s
cannot produce the signal

(makes other structures)

J? = 1*slightly

favored but 0- and

1-also give
acceptable chi™2

3

g [d N d cos e | | |dN/d eos 8 |
V2 (CL) v (CL)

] 12.2 (1.6%) 3.5 (49%)

| 1.5 (83%) 8.5 (7.6%)

17 [ Sawave)

3.2 (5270

LG (81%)

Events/bin
Eventa/bin

.
a0 0 aopo
|cosdy)

6 1D Da a0 DA

22 20
cos8 |k

22
cosd,

Figure 11: M7 )-sideband-subtracted distributions for (a) cos# .+ and (b)) cos 8-
distributions for events with M (7o'} within £30 MeV' of the 4430 AMeV peak. The
histograms are MO results for the 0

[dotted). 17 {dashed) and 11 S-wave (solid) MC

samples. The corresponding |cosé | and | cos @y | distributions are shown in ()

and (d). respectively.



/(4430) discussion: backup slides

Examine large MC samples to look
for reflections

250 T T T T T T 7 T—T 300
-l .
W F Inclusive MC
% B
] L
= 125
=
n B i
; - 200
=
w L =
L =
i
o =
b
:'\1:‘. LIJ
> 100
]
5
S 80
ﬂ
P
d
0 o TRL LN
38 405 43 - 4 55 4.8 -1.0 -0. 0.0 1.0
Mimy_) (GevicT) CosH_

Figure 10: Right: M {w¢') distributions from very large inclusive Monte Carlo sam-
ples of inclusive (a) ¢ — £7¢~ and (b) J/v» — £7{~ events. The shaded histograms
indicate background levels determined from AFE sidebands. Left: (c¢) The cos#, dis-
tribution for a MC-generated resonance with M = 4.430 GeV and ' = 0.05 GeV. The

curves show the results of fits described in the text.



Comparison between SuperB and SuperKEKB

Srﬂu.giruﬂ Sup?LHPCEKB
Emittancs £y 1.4 0 — Omne order magnifude
smaller than SuperKEEKB
Horizemtalbeta | [, 20 200 nm
Vertical beta |3}.' 0.3 3 mm
Horizontal beam size| Oy 5.7 42 pm
Vertical beamsize | Oy 35 367 nm
Bunch length Oz 6 3 mm
Half crossing angle | @y 17 15 muad
Piwinski angle P 15 1 1ail
Current(LER/HER) | I, | 2.25/1.30 9.4/4.1 A
Luminosity (x10%) | L. 10 8 con s !
AC Plug Power P 34 % M

AC power for KEER is already 40 MW, Max site power iz 100

MW at EER.



Upgraded Components for SuperKEKB

8 ] Movable mask MNew QCS
_ o ‘:"';“5.' e {Final focus system)
= 3 L . Crossing angle
1 1 SuperBelle 22 mrad (KEKB)
i , S

— 30 mrad {SuperkEKE)
' -

Mew IR

Crab cavities

MNew baam plpe
& bellows Ante-chambers,

41 A comb-type bellows, HOM absorbers
More RF sources >
ML
I ; Mara RF cavilies
F:{ = " .‘
1
Crab cavity S

L
C-band accelerating
structures

— ’ Flux concentrator+L-band
Positron sourca

Electric power consumption
45 MW (KEKB)
—+ 83 MW (SuperkKEKE)
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Detector issue: backgrounds

SVD CDC PID/ECL KLM

Radiative Bhabhas

KEKB | SuperB
soommey | M |
HER curr. (A) | 1.2 4.1
LER curr. (A) | 1.6 9.4
vacuum (107Pa) | ~1.5 5
Bkg increase ~ 20




Non-B Bbar decays: Y'(4S) — Y(1S) © " Template

PHYSICAL REVIEW D 75, 071103(R) (2007)

P 10!5 ; 1 1 I 1 1 1 1 : : : - : : : 3 N{J 30_. T T T T T T T T T T T T T T T T T T ,_
Faa > Irdpeak  Y(4S)oY(1S)T'T |
S 1of ] exf ;
\-;-L [ on-resonance 1 v
Torsf 1 5’320:_ ]
= o5} 1 S I ]
[ 1 @ I 1
925 | 1 =l .
of w1
875 | or
8.5 f skt
825
S Y N TR T IR ETRY 05703705 Job 67 0. 1277 0 106 108 114 112 1.14 1.16 118 12
am@eviey \AM = (M« -+ — M+, -) AM (GeVrc?)
i 104___|__':f:}_e-.t§~**- R R L R RN RN R R
> o oF BABAR 7 o [T o solo Ao T
B 102 - o1 fod T S e 4S—IS + BaBar ] % FAS—2S BABARr ]
= - : ' -1 7 +0.- r PN
. 10fd E Iown] Su jf W 3
— o 7] \ - \ k
= o 1 1 - I -
0.8 - . § 40- 1 3 30 | .
gl s . = J[ ]
Yy B #ﬁw i
9 A ‘- IRl T By, 8 44
),45 -_; JrPrEHL{-% m %ﬁ%
9'2_ I .-,g_ _IQU—J_ =% i TN TN T N T T N T T N T O Y I B PRI I N TN N U S A A N B B B AR AN
NV IR REVEUEEIESS S TV IAE S 1.06 1.08 11 1.12 114 1.16 0.5 0.52 0.54 0.56 0.58 0.6
03 04 05 06 07 08 09 1 1.1 .2 M’I(Gﬂvfcz} M’I[GEVJ"EZ}

PRL 96, 232001 (2006) AM  {GeV/c)



Next state: ¥(3940) in BoK wlJ/v

S-K Choi, SL Olsen et al,
Belle PRL94, 182002 (2005)

M?(@J /) Ge}/2

24 T T T

Reconstruct, B2>K o J/y.

Cut on K ® mass to remove contributions
from K** resonances

M=3940 + 11 MeV
I's 92 + 24 MeV

a’ o
nnnnnn

MZ(KO)) GeVZ 3sanl — I_foapll — I4280I

M(wJ /\|;) MeV



Y(3940) properties

T'(Y3940 2 ©J/y) > 7 MeV
(an SUL(3) violating decay)

this is 103 x T'(y' 2> nJ/vy)
(another SUL(3) violating decay)

M(@J/y) MeV if the Z(3930) is the ;'
Belle PRL94, 182002 (2005) the Y(3940) mass is too
high for it to be the yx '

Jon Rosner: However, y, ' states are
seen to decay to ® Y(1S)



G.Cibinetto
EPS-2007

Y(3940), confirmed by BaBar

BX2>K*wlhy

o~
q-u B o a =+ ]
= © - w. .2 . B data ]
> 22 3EF 5o T ® 0 ° —
8 : TR -
p—— _— DDC‘D 9 : ° g —_
fg- 20 | caag;“o% + 00?350@@ o -
L =R ) - ]
~S R @@gﬁ%% 85 e -
18 - IR T
: DEDDDDDWDDD DDO:
B w282 o O

- o g o, “
16 — S -,
- )
C ! [ i
M?(K o)
Mass (MeV) ' (MeV)
Belle 3943+ 11(star )£ 13(syst) |87 =22(stat )+ 26(syst)
253 fb’
BaBar . _ .
350 fb- 3914.33;81(smr)_i_'g(.sy.s-r_] 33f§2(5'mr)_g:g[s;vsr)

400

200

¥} i

9 BE3K*mlhy i

~ ’?_LLT' -4 } E

g

400

200

BT

b BODK Iy

’JIH*\ + | E

“ ratio S

T -BLEE

L‘*|’++++ifl:

4.4 d.6 4.8

Some discrepancy in M & I'; general features agree



“What can be accomplished for 200 oku-yen or ~
200 x 10° dollars ?”

5[] I | | | | I | I I | I | I | |
B 470 + D."}feal'! 100% RF
K 2¢0 + 1Dsvear: 0% RF
— OO0+ 1Dfvear D% BE, No G&
40__ m— 100 - 10yvear: D% BF, No DR, Mo C5
i Mo upgrace
gl
%3[’ — Intermediate roadmap committee
€ | presented this as the lab’s plan
£ 20— (Plan is being translated)
= . .
- KEK director will
10—
- ANNOUNce Ssoon
_= | | 1 | | | | | | | | | |
j%DE 2010 2015 2020

2025



Intermediate conclusions/features of the new states

Some states are narrow even though they are far above decay
thresholds
- e.g. Y(4660)>nny’ & Z*(4430)>n"y' have large Q but I'*50 MeV

characterized by large partial widths (BFs) to hadrons+J/vy (or v')

- BF(X(3872)>pJ/vy) > 4.3% (Isospin=1)
- I'(Y(3940)~>wJ/y) > 7 MeV (SU(3) octet)
- r'(Y(4260)>nn-J/y) > 1.6 MeV

States that decay to y' not seen decaying to J/y (and vice-versa)
- BF(Y(4660)>nny') >> BF(y(4660)>nnI/y) € same for Y(4360) & Z(4430>ny'
- Y(4260) not seen in Y(4260)>nry’

The new 1-- states are not apparent in the e*e->D™*)D™) cross
sections

There are no evident transitions at the D**D mass threshold

None of this was anticipated



e Commissioning with beam

— 4.5 months dedicated machine time
(Mid Feb. -- end of June 2007)

* Performance with crab crossing

— Encouraging but not easy
 Machine error? Vertical? Narrow

chine error? Vertic o 0 o .
optimum in minimization ? z 08 ]
— Specific luminosity ~ (30-40)% N T = A
higher ; A .
o . DA e ]
— Bunch current limitation in beam life i 7 29mrad
time B - -
NS IS i I
Bottom line so far: u 5 1[ 5 2
b.LER

L ~1.47 x 103%4cm2s-1

[I(e+)=1.5 A, I(e") =0.8 A]



http://www.jahep.org/hec/doc/jahep tenbou eng final.pdf
Prospects for Elementary Particle Physics

The Japan Association of High Energy Physicists (JAHEP)
October 25, 2006

(An excerpt)

We, the Japanese HEP community, recognize that physics at the energy frontier is of pri-
mary importance. With this understanding, we give the highest priority to the realization
of the ILC. Before the ILC experiment commences, we will also promote flavor physics that

is complementary to physics at the energy frontier. We should pursue the above two goals

as a single master plan.

Based on these achievements, we will endeavor to make neutrino and kaon experiments
at J-PARC successful. and promote an upgrade of the B factory to achieve a significant

breakthrough in luminosity in order to explore new physics that emergzes in the phenomena

of b, c and 7T decays.




Recommendation by Belle-PAC

« The committee provided a strong endorsement for
SuperKEKB at the review in April 2007.

In summary. the commaittee reached the following conclusions:

1) We endorse strongly the realization of a very lhugh luminosity ee” B meson factory for
its potential to mvestigate physics beyvond the Standard Model and mmprove our
understanding of electroweak and strong dynamics.

2) We think that a timely realisation of such a facility 1s important so that several tens
of ab™ of Y(4S) data can be collected by the middle of the next decade.

3) We think that KEK 1s an i1deal laboratory to realise such a project by upgrading the
existing KEK-B accelerator. It has a proven record in producing high performance
e e machines and a successful and highly motivated experimental group, which could
act as a catalyst for the new collaboration. Having the kaon and neutnino programme
at JPARC. KEK would become a unmique place in the world to explore flavour physics
that 15 a complementary and. 1n some areas, more sensitive approach to investigate
physics beyond the Standard Model than the experiments at the high energy frontier.

B This is important support from the int'l community.



3940 [

G

el

Mass

Is there a cc slot for Y(3940) ?

4600 3
[ "Dy
[ £8,
44“00 - TR
4200k

Annn k-
3800}
3600

3400 _

3200

- 1
sooof IS
[ ] ] ] ] ] ]

’

Mass is low

s
""r]c

\Xcl Can M(Xcl.)>M(XC2.)?
(ok with BaBar mass value)

" " " "

For any charmonium assignment,

0-+ 1- 1+- 0++I1++ 2++ 2-+ 9== a== 3+- 3++
JFPC

]
4++

I'Y(3940)>w® J/vy] is too large.



Braaten et al: Theoretical XD D° mass spectrum

Theoretical
prediction for
a loosely
bound D D*

state.

dI/dm

0 ? 4 6 8 10
E [MeV]
FIG. 6 The DD invariant mass distribution in B — DD for ~;,, = 10 MeV and varicus

values of |vpe|/im- The horizontal axis s the difference £ = M — (mpo + mpeo) between the
invariant mass M and the DP DY threshold.



Recent News o

K('\C' @&\“
\¢“ O
? 6\0

e

Observation of a resonance-like structure in thé 7=’ 'mass

distribution in exclusive B — K7%1' decays™

(The Belle Collaboration)

arX1v:0708.1790v1 [hep-ex] 14 Aug 2007

S-K Choi, SL Olsen et al,

Belle, submitted to PRL

B(BY — K~ 2*(4430)) x B(Z*(4430) — 77"
= (4.1£1.0£1.4) x 1072,



First Observation of B — D™ t* V,

535 M BB
2 s Use detector hermiticity
N 60 +12 2 and “inclusive B
25 reconstruction” to
6.7G (5.20 with syst.) isolate this 3-neutrino

final state (large
missing energy)
arXiv:0706.4429[hep-ex]

i gh bbbt sy
to appear Iin PRL v T

0 *- — 0.40
Bf(B® - D" 7'v) = (2.02 1040+ 0.37) %

d— —d d — —d

' Y = '

; . 5 e {) » L
my tanf+m_ cotfp + \
T p

m. tanf3

SM contribution NP: Charged Higgs contribution




Measurements K. n*r

Fit
no CPV: — =1, M(m_,m+)=9v(m+,m_)ﬁ 3

fit M(m_2,m, 2 t) to data distribution = x, y

(GeViic?

2
+

m

Signal
M(Kg et ) and 1
Q= M(Kq ' mty)- M(Kg tHme)- M(m);

3 ¢ signal region in M, Q
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10

(m-,m,)= Zar eV B(m>,m>)+a,, "

13 BW resonances, non-resonant contr.;

. 1.825 185 1875 19
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Finite angle crossing and Crabbing

Electron Buan . — Fositron Bunch

Cross Angle Crossing |

Lo

'Crab Crossing|




Results on Radiative and
Electroweak Penguins

u,c,t u,c,t

Example discussed here: modifications
to the rate for b>s vy



Measurement of inclusive b — sy

Grttem,
327t

Measure primary Y only:

monochromatic Ey spectrum

I'(b—sy) =

Huge Background (semi-log)
m=) cxperimental challenge

Background suppression
* continuum: event shape
e /M veto

Important to measure low Ey
to reduce model dependence

Ertries per 33 Mel’

g
=
h
LILILLLI

by
L=
L=

Vi Vil (|G§H|E + 1/myp, 1/me Corrections)

1o

Monte Carlo mstsmma

140 fb~!

18 2 2.2

H From pitl

B Frarm =ta

B His—Ided

[ LddBqg

[ ather source

[] Frem santinuum

2.6 248 3
CM energy |Gel|



E, spectrum (full-inclusive)

G ] X

e
+Data

=
=

Weights /100 MeaVy

=

— Spectator Model

Fartial Sranc hng Fracton |;'Il:l'I 100 N

15 | '

CLEO
9.1 fo=! on s

35
E, (GeV)

—4.4 fbo! oftresonance

E,>20GeV
(PRRLE7, 251807 (2001))

S

el
-]

=]
-]
|

I il L IT
a2 _I_ 1 1 T
: 1T I o fHF 1L 17T
o T 1 j'_]_lil_'[p'_ 111
: F:jui:-ni‘lru:lg:d E-.rl;u.:':- = | - ’ - ’ le"'r |:'J|.-.!-';
BaBar Belle

815 fb~! on 1i4s) 140 fbo! on1ws)
9.6 fb~! off-resonance  —15 fb™! off-resonance

E,>19GeV E, > 18 GeV
(hep-ex/0507001) (PRL93.061803(2004))

More data, lower photon energy cut

Lower E,, cut by 0.1 GeV with roughly twice more data

Nakao



B — X,y branching fraction

Average branching fraction for E, > 1.6 GeV
[Heowy Flovor Avaraging Group (HRAG), hep-ax/ 0603003 )
BfE — .}is-ll-"l.: E'..l ] 1'5' G‘Ellll'll} = f?ﬁ‘_:i_l:i :|: 2"1[5“_]:_5}-5] :?g[ihilj-"ﬂl :|: E‘[‘j‘p|} A l'IJ_E

BaBar
E;Eel
Belle

PLESTA, 33N

Belle
PRRLENS, Do 0 B A
Average
HIED Fag JEDF3IT

R R |

Haamsy

NLO

Eogram Crmmechl Mmiak Urd

—
L
ida |
——

q 3 g
BFIE—=X wuaig™

an | RPEES 210, 200

[3.35 10
[3.92+0.57)x10
[3.6%0.95)x 107
[3.5040 44 10

[3.55t0.26)x 107

PEL 98, 022002 (2007)

PHYSICAL REVIEW

LETTEERS

week ending
12 JANUARY 2007

Analysis of B(B — X,¥) at Next-to-Next-to-Leading Order with a Cut on Photon Energy

nstitute for High-Energy Phenomenclogy, Laboratory for Elementarv-Particle Physics, Cornell University,
fthaca, New York 14853, US4

Thomas Becher! and Matthias Neubert®
VFermi National Accelerator Laboratory, PO, Box 500, Baravia, Winois 60510, US4

*Institt fiir Physik (ThEP), Johannes Gutenberg-Universiid, D-55009 Mainz, Germany
{Received 0 October 2006; published 12 January 2007

By combining a mcent estimate of the total B — X,y branching fraction at (4al) with a detailed
analysis of the effects of a cut B, = 16 GeV on photon energy, a prediction for the partial B — X,y
branching fraction at next-to-next-to-leading order in rencrmalization-group improved perturbation theory
is ohtained. in which contributions from all relevant scales am factorized. The result BiE — X, %) =
(298 = 0.26) % 10~ iz about 1.4 lower than the experimental world average. This opens a window for

sigrmficant new physics contribubions in rare radiabive B decays.

Theory News

M. Misiak et al, hep-
ph/0609232, PRL
98,022002(2007)

NNLO calculation=>
(298+26) x 10




95% CL lower limit on charged Higgs mass from exp and NNLO

G
MH-.-EEID GeV
0,35}
250
0,3 200
EI’I’OI’OH BF h&p h/0&03003
0,25}
0,2
0,15
B 10
2. 3,2 3.4 1.6 3,8 4 4, 2

Central value of BF
FIG. 4. The 95% C.L. lower bound on Mg+ as a function of the
experimental central value (horizontal axis) and error (vertical
axis). The experimental result from Eq. (1) is indicated by the
black square. The contour lines represent values that lead to the
same bound.

M. Misiak et al, hep-ph/0609232, PRL 98,022002 (2007)



Right-handed currents in b = sy

D.Atwood, M.Gronau, A.Soni, PRL79, 185 (1997) mb
D.Atwood, T.Gershon, M.H, A.Soni, PRD71, 076003 (2005)  } sy Sy,

« tCPV in B? » (Ksn?),.y m o m,

SM: v is polarized, the final state almost flavor-specific. b —>S7/R
S(Ksn®y) ~ —2mg/m,sin2¢,

My eav/Mp, €Nhancement for right-handed currents in many new physics
models

e.g. LRSM, SUSY, Randall-Sundrum (warped extra dimension) model

III \ Ql I/NH)\ 11/4\
LRSM: U(<s )LXOU\L)RXU\ )

 Right-handed amplitude « {m/m, : Cis W -Wg mixing parameter

« for present exp. bounds ( < 0.003, Wi mass > 1.4TeV)
|S(KsZ°p| ~ 0.5 is allowed.

No need for a new CPV phas

Photon polarization measurement

via time dependent CPV !




Entries / (0.002 GeV/c)

Status of B— K 7% tCPV

535M BB it M(K, 7°) 3 K, o ySCP VS CCP HFAG

: 075k cP PRELIMINARY
70F Yield = 176+/- 1 | : | N
60 | 77| Belle
50 0.22 B 24 Average
40F
: 0.25f
S0F 05F
20 F - .
0.75}F = P oisivie 0o '/ """""""""""""""" m
10 3 "

D 1 1 i 1 1
5.2 5.22 524 526 5.28 53 76 5 25 0 25 5 75

M., (GeV/cd) At (ps) P 'f ]
S=-0.10+0.31+0.07 23233

-0.8

A= —0.20+0.20 + 0.06
-O)

tours give -2A(In L) = sz =1, corresponding to 80.7% CL for 2 dof

hep-ex/0608017, PRD-RC 74, 111014(2006)

No new physics but errors on S are large




BaBar result announced at FPCPQ7 in Bled, Slovenia

BsBar preliminary

I '+'||

—#F— Jr-cawnenc O
D trdn bwchgrour o prad Shan
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e
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+b)/L(D))
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o 0.2 I]d ﬂs -:ua

EABAR preliminary

1

at&bke) £ 0.3(eff)] x 10~

r decay mode | {background) | observed

T — ery 1.47 + 1.37 4

T — (L 1.78 + 0.97 5

r— TV 6.79 £ 2.11 10

T — TV 4,23 +£ 1.39 5

all modes 14.27 £+ 3.03 24

/ t'g_':“‘E'I"!"-i: ) (. 17
L(s+b) =TT ﬂL.!.+.hé_,|

e Minimize Q(B) = —2In(L(s
B+£0 = 220 (2.7 w/o bkg. error)
»E_;(\B:t — ﬂ_if-”-:—) [I. +|]|IHI|:\"":'[

Seems to confirm the Belle result



