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Talks at EPS HEP 2011: Belle -
T. Higuchi "CPV and CPT in B decays at Belle"
J. Dalseno "¢, and ¢; measurements at Belle"
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M.Z. Wang "Other B decays at Belle"
R. Louvot "B, decays at Belle"
M. StariC "D(,* decays and their CPV at Belle"
K. Hayasaka "Rare tau decays at Belle"
P. Urquijo "Exclusive (semi-)leptonic B meson decays at Belle"
A. Vinokurova "Charmonium and X,Y,Z at Belle"
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Talks at EPS HEP 2011: continued

Liaoyuan Dong "Recent Results from BESIII"
E. Goudzovski "Kaon physics at CERN: recent results"
C. Bloise "Kaon physics at KLOE and KLOE-2 prospects"

+ g-2 related talks by G. Venanzoni, T. Dimova, and S. Eidelman

In total 29 talks — impossible to cover all in 25 minutes...
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Flavour physics at the luminosity frontier:
asymmetric B factories

Belle il E 8%

Js=10.58 Gev
e’ e-

— Y(4s) -

BaBar p(e)=9 GeVv p(et)=3.1 GeVv By=0.56
Belle p(e)=8 GeVv p(e*)=3.5 GeVv By=0.42
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Integrated luminosity at B factories

(fb™) _ _
1200 | Fantastic performance far beyond design values!
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Unitarity triangle — new/final measurements

CP violation in B system: from the
discovery (2001) to a precision
measurement. pnanannnnns LR LY LLLENGRRAN

Constraints from measurements of oF 9,
angles and sides of the unitarity : ‘
triangle > Remarkable agreement,
but still 10-20% NP allowed

This conference

Unitarity triangle:

> sin2¢, (=sin2p) : final A,

measurement from Belle i ez Beo
—_ 1 -llllllIllilllllllllllilllllll‘

2 03 (=y) new model-independent %0 08 0.0 05 1.0 1.5 2.0

method P

2> |V,,| from exclusive and
inclusive semileptonic decays
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==y Final measurement of

BELLE SinZ(I) 1 (=Sin2B) N 4 7;"':‘”‘,;5:
¢, from CP violation Belle preliminary, 710! e

measurements in B — ¢¢ KY ﬁ
% 3000F .
Improved tracking, more data R ST
(50% more statistics than last result with 480 fb1); 3 20008 TR
cc = J/v, w(2S), > 25k events s | _ "
W, Y(2S), Xe1 ol CEK,
for K, only cluster (direction) in ECL, KLM; 0: Al
missing info from kinematic constraints; 52 5.22 5.24 526 528 53
M. (GaY/c?)
© 5000 .
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5 2000 cc K
B — J/3K2 B — J/K? B — 1(25)K2 . L
a 350 ’ o 160 n 2 e
o o plime A wime yoef T
.g 200k ! / . g 100 \\ g pB" (GeV/c)
a 150k f:. \ b a0 i
100F X, 23 ‘\k
it N 20
-é -4 -2 0 2 4 6 g
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-—ID>
wemd  Final measurement of sin2¢, (=sin2p)

_ Belle, preliminary, 710 fb" >talk by T. Higuchi
¢, from BY — cc K° Y -

BY - J/y K° (535M BB) -] 0.642+0.031+0.017
BABAR B’ - (ct) K° 4 0.687 + 0.028 + 0.012
Final result (preliminary) from Belle: HFAG 2010 average |-, 0.670 £ 0.023
B -awk Ll oe71ro02
B’ - Jiy K 0.641+ 0.047
B — y(2S) Kg 4 - 0.73910.079
B° - x_ Ke 0.636 + 0.117
B’ > (c?) K° | 1=t 0.668+0.023+0.013
0 0.2 0.4 0.6 0.8 1 1.2
Still statistics limited, part of the syst. is sin(20,) = sin(2)
statistics dominated! - oL
: | | | | : 0.9
“OF snmessmniinn 1 [Hos

= ‘mf_ \ ﬁ 0.7
5 4 0.6
Tension between B(B— v) and sin2¢, é_ + "
(~2.5 o) remains @ ol / 1 e
>talk by V. Niess “Lm = ' "

TR 'o!s' - ’ofrs'h; '2;;{31 - ’ofsl T R
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GELLE

CP violation in B > D*D-and D**D*-

SM: b->ccd, S=sin2¢, (=sin2B), A=0

+A- Belle preliminary
B> D™D S ==1.06+0.181+0.07

A=+04310.16:0.04

772 x 108 BB pairs
B (K r*m*)(K*r ), (K ) (K.®)+c.c.

Previous measurement (535x10° BB pairs):
S=-1.13+£0.37+0.09,

A=+0.91+0.23+0.06

B->D*+D*-

.
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raw asymmetry

(1] 2
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- Large CP violation
effects in many places!

Vector-vector final state, need angular analysis for CPV measurement

§S=-0.79£0.13£0.03
A=+0.15£0.08 £0.02
R,=0.63+£0.03£0.01

R, =0.141£0.02£0.01
772 x 10° BB pairs

Belle preliminary |



o5 (=y) with Dalitz analysis

GGSZ method: A Griotal, PRDSS, 05401 2009
The best way to o — '\_\_\:< W e
measure ¢, B~ W :

Ol

_ g B
e 7 - i (—
Color+CKM suppressed D()) — Kgn*m
1.0
s e
_ W ;r,—’< 5 I
0.5 C
L b o - < o
= 0.0 [ u - u
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-0.5 C
s 3-body D% — Kgn*n- Dalitz amplitude
o /\

|Mi(m_21r, m2)|? = fD(mi, i 1 reo8+ies fo(m?, mi)|2
.
N\ s
model dependent description of 1, o \ 4 pelda+i¢s
using continuum D* data = - - .
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¢ (=y) from model-independent/binned

Dalitz meth

GGSZ method: How to avoid the

od

B~ — DK~ BT — DUKT:

w

model dependence? 5;525

- Suitably subdivide the Dalitz space s

into bins ¥
i"l/ir!i = h{K;+ !’éK_;—I—QV KiK_i(x+ ¢+ y+si)} E 1

e
(3]
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x+ = rgcos(dp £ ¢3) y+ = rgsin(dpg £ ¢3)

mz(Kgm (GeV?ic*) m2(K:n*) (GeV?/c?)

M. # B decays in bins of D Dalitz plane, K.: # D° (D% decays in bins of D Dalitz plane (D*
— Dr), ¢, s; strong ph. difference between symm. Dalitz points € Cleo, PRD82, 112006 (2010)

D> Use only DK
/Oy

P=(TT £ 15

Important method upgrade for large event
samples at LHCb and super B factories

from ¢, s; (statist

€ 4-dim fit for signal yield 02
= 1176 + 43 :
BELLE 9 (AE, M., OSSO rysts T ) 0.%

+ 4)° Py :

= 03F

1) 03k heealnadi
0350201 0 0102 03

to be reduced X
with BESIII data

—>talk by J. Dalseno



¢ with the ADS method

B~ —[K* 77 ],K~ compared to

b - - ) _ - w
= DO B B - K+
B —[K n*IpK B RN St
: - W — ?

tr—1n K~ A K+
Rpr = B([K ]DK ) £ B([K ]DK ) Color+CKM suppressed Favored
B(K-r¥pK-) + B(K*n~|p K¥) o we et
Apx = ([K ]DK )_B([ T’T—|_]2)}:{+) B- 1_) s = ¢ o - - (f o
- K+ K B + K+ w = (¥ =3 U
([ A ]D )+ ([ & ]D ) Favored CKM suppressed
using additional input on rg, rp,
¢ can be extracted in a model Rpx = 7%+ rh +2rprp cos (dp + 6p) cos és,
independ. manner Apx = 2rprpsin(dp + 0p)sin¢s/Rpx,
B —[K*z K A e Averages E R, s Averages %
NSig=56 1157 41 c Slgna E:DB;rZOIO :07'2‘65 St Q47 5 23085222010)072005 0.011+0.006 £ 0.002
first evidence Y Sem [ | 3“ E o owowss TR gmCooTomTON
3 o s ,'m, & 0.82:+0.440.00 B - SN— L e 0.022 £ 0.009 + 0.003
Average | [EENEE | 058021 . Dverage ; I,‘, 0.016£0.003

ADS can also be done in other channels: e.q.

B> DK, D >K nn BaBar, arXiv:1104:4472 1

—>talk by D. Derkach




Combined ¢, value:

Note that B factories were not
built to measure ¢,

It turned out much better than
planned!

¢; measurement
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This is not the last word from B factories, analyses still to be finalized...

Peter Krizan, Ljubljana
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Search for CPT violation in B decays
Allow in addition to CP violation also for CPT [ o 0 5 —ge
violation in fitting the At distribution function | flavor tag BtaZ= B°

(e.g. in J/y K% decays)
CPT-violating complex parameter: z
- Re(2) # 0 and/or Im(2) # 0

- CPT is violated.

Belle preliminary

Re(z)=(+1.9+3.7+3.2)x107
Im(z)=(-5.713.3+6.0)x10™°

AT, /T, =(-1.7+1.8+1.1)x107°
535 x 10° BB pairs

Best CPT violation measurement ->no
CPT violation in the B meson system

Events / 0.4 ps

-]
T

Light lines
indicate
Re(z) =+0.2
Im(z) = +0.0
case.

events

Other parameters

re =1.531£0.004 (ps)
75 =1.639£0.006 (ps)
Am,; =0.506+0.003 (ps™)
|Acp| = 0.999+0.004
arg(nepicp) =—0.70+0.04
Above A, corresponds to S = +0.645,

which matches Belle’s latest result,
S=+0.668%0.023*+0.012.

—>talk by T. Higuchi



P Direct CP violation difference in

B-> K*n~and K*+xn°

preliminary
1200

1000
800
600
400
200

AA = A,(Kn) - A, (Kn)

— e — —— — -

Update the 2008 result with the
full data set and improved
L reconstruction - ~2x more data

' 1 1 | 1

Q525 555 525 52 525 555 5275 53
M,, (GeVic) M, (GeVic?) Aep(K*1®) = +0.043 £ 0.024 + 0.002

1200 |

vo [ BoK-ad Acp(K*rt) = —0.069 £ 0.014 £ 0.007
B-K'n p

1000

D G SRS P SN R G SEma R e - -
-

800
600 Belle preliminary:
o AA. = +0.112 £ 0.028 @4o

i 1 1 | 1

Y5 5225 525 5275 52 5225 525 5275 53
M, (GeVic?) M, (GeVi/c?)

—>talk by P. Chang
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=y Direct CP violation in B> nK*, nnt

2. B> nK*
L% Zz ACP - _0.38 i 0.10 i 0.01 @3.80
AE (GeV)  AE (GeV)
> 0EBT = nK F B~ — nK -~ . .
gt o o In agreement with previous Belle and
£ sht it M| . BaBar measurement,
. Y M| A =-0.36%0.11+0.03 @3.3c
| ‘ M,.. (GeVlczj ‘ ' M,.. (GeV/cz).
B> nnt

A = —0.19 + 0.06 + 0.01 @3.0c

Tension between Belle and BaBar 2009 measurement remains
A = -0.03£0.09£0.03

e
i A

Essential: neutral detection capabilities of B factories



V| from BY — z- /* v exclusive decays

e - = 2
Yield: 2d fitin My =Mgg  "be = VEL. — P+ P +7)
and AE, bins of g2 AE = Epeam — (En+ E¢+ Ey)
% 2000 FEg 8"t signal 2
G - [ b—sulv both B 8
..... T e 8 1s00f
. . S [ B othor BB same !_
Ewoo_ ” 8 1000p
5| g
: - S & [
i w500 500 -
e 07520 522 524 526 528 °_; T T
e J Mes (GeV) AE (GeV)

—>talks by P. Urquijo, M. Franco Sevilla

|V.ol extraction: fit data + ( v ¢ (A R oy ]
: : g =p,+p,) =(ps—p, i : il
LQCD points in ! B 3 Bl ol
Nc_ A FNAL/MILC j
BaBar + FNAL/MILC g ]
< Bue <|f E
| ‘ '_"I"_'I ]

Belle + FNAL/MILC e hT
o f;} ]

Belle + BaBar + FNAL/MILC




|V,| from inclusive decays

Fully reconstruct one of the B’s to tag B flavor/charge, determine its
momentum, and exclude decay products of this B from further analysis

Decays of interest

B 7 (3| BIX v,

e— \(;) 5Get) BoKvv
) _§$ +—— etlo.oLe B->Dtv, 1v
_ Pl ]
' B ®. full reconstruction
gf.eﬂslgﬁ Eeaml ‘~/>' <:| B%DTC etC. (0.1'0.30/0)

Powerful tool for B decays with neutrinos, used in several analyses in this talk
—>unique feature at B factories

Use this method in an inclusive
b—->u measurement, K veto for
o b—>c background reduction.

] 400F =
i3 ] E
& 300 ’ { Xiv 300F X v 4
o = r

Z  200f subtracted 3 200f subtracted 3
3 - :
o m ]l = 100 E
100 | = 3 ‘
] of b
~ 31 ¥ =0

- Tension between inclusive and exclusive decays is still there et 3 34

Eatries/ 033 GeVic?




B> DK | v

Search for missing exclusive modes in semileptonic B decays

m(®n) J[P,..n, : el nary 2% e D KV
" " Xmis Ds*KIv wrong y
D ' . N D:KIv Crossfeed
BELLE S ' L D. Bkg
' < _ " Fake D:"
Fake D:

21 21 212 218 234 218 € 4 2 0 2 4 & i
oy [GeV] Kose

Disentangle D K | v e

b S . S =
from D* K | v:

~ -0 84 6 4 2 0 2 4 C&' "
< nic Decays at Belle, EPS2011 7 B g "
Mode BR: Belle Preliminary Y universitatbonn

D, Klv (3.0+1. 2401108 5y5) 104 Consistent with BaBar
DAKIV |(2.941.65tat* "1 1.05y5) 10 combined fit

D;’Klv Crossfeed
Ds Bkg
b Fake Ds

Combined |6 o significance Stalk by P. Urquijo




B—D(Mtv

Semileptonic decay sensitive to charged Higgs

Ratio of 1 to p,e could be reduced/enhanced significantly

B(B — Dtv)

BD) = BB = Div)

1

. ] . T.Miki, T.Mimuta and
Complementary and competitive with B—stv & .| M.Tanaka: hep-ph 0109244.

At MSSM

1.Smaller theoretical uncertainty of R(D) 0.6

( For B—1v,
0.4 SM

There is O(10%) fs uncertainty from lattice QCD > w /

2.Large Brs (~1%) in SM (Ulrich Nierste arXiv:0801.4938.)

15 20 25 30 35 40

3. Differential distributions can be used to discriminate W+ a‘nd H+ gy - £208
4. Sensitive to different vertex B>t v: H-b-u, B=>Dtv: H-b-c mH
(LHC experiments sensitive to H-b-t)

Advantage of
B factories!

First observation of B> D*tv by Belle (2007) > PRL 99, 191807 (2007)



B> D®rtv decays

—>talk by M. Franco Sevilla

 This conference: First 5o¢ £ [ —
B\ observation of HED*tv g*w:“ preliminary
== B-> Drtv decays Free in =g:¥v §' '
EE B Dlv
Exclusive hadron tag data HED**1v
Fixed -—-Bkg. m,_ (Gev?)

All values higher then
SM predictions =2

R(D) Tanaka (2010

-
' Hep-ph 1005 4306
H
"'I*_ This measurement: 0.456 + 0.077

la|

20

Belle inclusive tag, Belle exclusive tag,

00 0.1 0.2 03 04 05
compared to the ESVRSIESslfeilols tang /mys (GeV~Y)



B-> vv decay

B> vv similar as B> pp a very sensitive channel to NP contributions
Even more strongly helicity suppressed by ~(m,/mg)?
- Any signal = NP

Unique feature at B factories: use tagged sample with fully reconstructed B
decays on one side, require no signal from the other B.

Use rest energy in the calorimeter and §::§:§z:§mimw other B bkg Non-
angular distribution as the fit variables. §1o§mgna| Rare B } 1 i %
@ SF m el
FV T Lk
af k

‘ i

..... e

rt~

3 ’
'
~

90% C.L.BR< 1.3 x 104 S i
Belle Preliminary 657M BBbar I R B G«

i slls = s = Y

~f=
'
i
-
pee,
“ 3 8
I

o N
YT

=Y c.f. (Babar) BR<2.2 x 104

—>talk by P. Urquijo



Charm and t physics

B factories = charm and <t factories

Charm and = can be found in any "Y(nS) samples"

- the integrated luminosity of the samples used for charm and ¢
studies is larger than for the B physics studies (Belle ~ 1 ab,
BaBar ~0.550 ab1)

Charm and t results: mainly on CP violation searches and rare
decays

7. lepton flavour violation - next talk (T. Mori)

Peter Krizan, Ljubljana



CP violation searches in D decays

Very small in SM, decay rate asymmetry A 0(0.1%), with NP up to O(1%)

7> Search for CPV in D*, = ¢ n*, measure difference of A, for
wa»] D> ¢nt and D*, > ¢ n* decays in bins of cos®*, p., cos®

AAec(cos”, pr,cosb) = AAcp + AApg(cost™) ...
No CPV expected in the D*, > ¢ n* (Cabbibo favoured decay) coser
> Ag;—w;ﬁ _ (+0.51 1098 L 0.05)% >talk by M. Stari¢

Dt > KO n* @Cp — (—044+ 013 + 0.10 (7) >talk by M. Martinelli

Contribution from CPV in K% =-(0. 332 +-0. 006)% P(';g?fs 071103(R)

D% > KO n0, tag D flavour with the D* decay
0 0.0 PRL106, 211801 (2011
D° — KJ7” —0.28+0.19+0.10 (2011)

Contribution from CPV in K% =-(0.332 +-0.006)%
Assuming no direct CP in this decay—->

gind _ KT _ 4 0.0540.1940.10)%
= Acp CP = (+ )%




D decays: CP violation searches
and rare decays

T-odd correlations in D* - K, h*hh*:

Final state interactions: their effect can be eliminated in the
difference A{(D*) - A{(D"). Result: consistent with 0

[AT(D"’) = (—12.0 & 10.0g¢ ¢, = 4.6yst) X 10-3}

- paper submitted

Ap(DF) = (—13.6 £ 7. 7414t £ 3.4gyst) X 10—3 Stalk by M. Martinelli

NP estimates
b= Y Singer, Fajfer, Zupan,
B(D - yy) < 2.410%6, 10x improvement vs PDG value PRD64, 074008 (2011)

—>talk by E. Grauges

X. 2h I*I heavily suppressed, SM~10-8, NP could enhance it to 10¢-10~
Influence of resonances in the final state excluded by a veto on ¢ mass.
Upper limits depend on the final state, typically 10¢-10->

Peter Krizan, Ljubljana
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¥ag  B_decays: use 121 fb! of Y(5S) data

Data taking at Y(5S), initial motivation: study B, decays

First 21 fb'l: used to measure B, > D, D.()p, D)D),
B. and B.* mass, world's best measurement

121 fb! of Y(5S) -> 15M B, decays: clean sample
—>Observation of the first baryonic B, decay to A,A &
—>CP eigenstates:

e B.> J/yf, J/y f,(1370)

e B.> J/yn, J/yn' (almost ready...)

—>talk by R. Louvot
Measure sin2¢, in Y(5S) - BB n decays

Y(5S) is a puzzling object...

—>Complementary to B, studies at hadron machines because of neutral and
neutrino detection capabilities
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<> B. > I/ f,, I f,(1370)

—>talk by R. Louvot

/ 7 Phys. Rev. Lett. 106, 121802
T E B Jifo
;'25 Belle (121 fb=1) 9
=10
a E , Z 8
Z 8
3 IENE
X3 LRNTE
2F J' 4
C i - - =
0 Cure RSPy ' (P RORROST  ho) 1) L | .
02 04 06 08 1 12 14 16 1.8 2 *
Mpin- (GeV/c?) 2 My T L SER STEUW
- - - - 0.1 0.15 0.2

Observation for B, > J/vy f, AE (GeV)
First evidence of B, > J/y f;(1370)

160p— . .
140 b l 180 v 15“¢b"'
o Preliminary 1eof- Preliminary
= 120 \s =7 TeV Data © 140 Vs =7 TeV Data
LHCb EPS11 100 i 120
‘2 80 %100
results - $ o E
40
(talk M. Artuso) By

0 i i Wit LOOPEITAYY S e el et et
1500 2000 5200 5300 5400 5500
m(T*r) (MeV) mutuatn) (MeV)
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BELLE

PRL100,112001(2008) ['(MeV)
Y(55) — Y(1S)rt7~ 0.59 + 0.04 & 0.09 E
T(55) — Y(2S)r+x~ 0.8540.07 + 0.16 >
T(58) — Y(3S)mTn~  0.527929+0.10 02 ¢
Y(25) = Y(18)nt7n- 0.0060 5
T(39) — Y(18)ntn~ 0.0009
T(4S) — Y(1S)rt7~ 0.0019
(1) Rescattering Y(5S)—»>BBrar—>Y(nS)nn &
Simonov JETP Lett 87,147(2008) é
(2) Exotic resonance Y, near Y(5S) ®
analogue of Y(4260) resonance o
with anomalous I'(J/y n*1)
Dedicated energy scan =
shapes of R, and o(Ynn) different (2c)

0.012
0.010
0.008
0.006
0.004
0.002
0.000

0.6

Puzzles of Y(5S) decays

PRD82,091106R(2010)

"~ @ Y(ISpx
-~ Y@Skr
) Y(3S)n

ETY)

bl ——
10.95 1 11.05

\s(GeV)

Y(5S) is very interesting and not yet understood

Peter Krizan, Ljubljana
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Search for signal

N
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Events / 5 MeV/c?
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121.4 fb' Preliminary | l%
' n
! Y(1S) l hb(2P)N
(1P 2 Y(3S)
. & :
%) iY(1D) }
st Y b Vi
LA T L L L1 O
9.6 9.8 10 10.2 10.4

background subtracted distribution

Search for h,(nP) in Y(5S) decays

h,(nP): (bb), S=0, L=1, JP¢=1*-
Evidence from BaBar Y(3S) — n°h,(1P) — 7%y n,(1S) arXiv:1102.4565

Y(5S)|—> hti(nP) n+mn-

IVIhb(nP) = PY(SS) - Py )? = MM(ni+7t-)

Y(2S)

«<—— Only two charged pions used

Significance
w/ systematics

ho(1P)  5.50
ho(2P) 11.26

arXiv:1103.3419

—>talk by J. Wicht

h, production is enhanced (despite of spin flip between Y(5S) and h,)
- the mechanism of production is exotic
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o7 Resonant substructure in Y(5S) — h,(nP) n*m

Look at M(h,n*) = MM(n") Exclusive searches:

measure Y(55)->hynm Observed in Y(5S) - Y(1S) n+n-,
yield in bins of MM(r) Y(2S) n+n- and Y(3S) n+n-
§12000§- h,(1 P)n*n" l signals

 [preliminary]

nf X2 = 57.1/54
o :

40 —

30

+

, 1,'.1,..1...1 PRI BRPERTRTI L
AdMn N 4 M

- 104 105 106 10.7 10.8

reflections M(Y(2S)xt), GeV

20

10

J | 1 -
10.6 10.7 O
MM(r), GeV/c?

M =10608.1 + 1.7 MeV

Z,(10610) ~ Seen in 5 different final states,
° [ =15.5+ 2.4 MeV parameters are consistent
Z,(10650) M =10653.3 + 1.5 MeV JP=1* in agreement with data;

' =14.0 £ 2.8 MeV other JP are disfavored

- What is the nature of Z,*? Molecules, tetraquarks, cusps, ... ?
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< X(3872) properties

X(3872) First observed by Belle in 2003 in B2>K X, X 2 J/y nr.

Mass is close to the (D%+D™) threshold. Width is less than experimental
resolution. Confirmed by BaBar, CDF, DO, LHCb, CMS. Nature not known.

New results, full Belle data sample:

X=2>Jynn:

X in B >K° X and B+ >K* X is the same particle, arXiv:1105.0177

AM=(-0.69 = 0.97 £+ 0.19) MeV
1t*+ and 2+ hypotheses are both possible

X(3872) radiative decays: arXiv:1107.0163
BXX > v'y) / BXX > Jyy) < 2.1(90% CL)

(In the molecular model of X, B(X = ' vy is highly suppressed compared
to B(X = Jyy)

—>talk by A. Vinokurova



B factories: a success story

Measurements of CKM matrix elements and angles of the unitarity
triangle

Observation of direct CP violation in B decays

Measurements of rare decay modes (e.g., B>tv, Dtv)

b->s transitions: probe for new sources of CPV and constraints from the
b->sy branching fraction

Forward-backward asymmetry (Agg) in b—>sl*l- has become a powerfull
tool to search for physics beyond SM.

Observation of D mixing
Searches for rare t decays

Observation of new hadrons

Possible also because of unique capabilities of B factories: detection of
neutrals, neutrinos, clean event environment.



What next?

Next generation: Super B factories - Looking for NP
- Need much more data (two orders!)

However: it will be a different world in four years, there will be
serious competition from LHCb and BESIII

Still, ete” machines running at (or near) Y(4s) will have considerable
advantages in several classes of measurements, and will be
complementary in many more

Two projects: SuperKEKB+Belle-II in Japan, SuperB in Italy

Peter Krizan, Ljubljana
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B PhySICS @ Y(4S) Observable B Factories (2 ab™) SuperB (75 sb™?) M. Giorgi, ICHEP2010
Observable B Factories (2 sb™) SuperB (75 sb™%) |Vis| (exclusive) 4% (%) 1.0% () L.
n(2) (J/4 K) 0018 0005 (1) [Va] {inclusive) 1% (+) 0.5% (+) Charm mixing and CP
cos{23) (J/v K*°) 0.30 0.05 |Vis| (exclusive) 8% (%) 3.0% (%)
sin(24) (DR°) 0.10 0.02 |Vas| {inclusive) 8% (%) 2.0% (+) Mode Observable T(4S)] i,.“-'(BTTO)1
cos(24) (DR) 0.20 0.04 (75 ab™') (300 b~ 1)
S(Jfy ") 0.10 0.02 B(B — ) 20% 4% (1) D' —K¥rn~ z'? 3x107°
S(D*Dr) 0.20 0.03 B(B — pv) visible 5% Y 7x 107
S(gK") 0.13 0.02 () B(B — Drv) 10% 2%, D' —KtK~ ycp 5% 107%
S(rK®) 0.05 0.01 (+) D —K%xtn~ x 4.9 %107
T R - T e
S(w;(") 0.17 0.03 () B(B —w) 30% 5% la/pl el
it Acp(B — K*7) 0.007 (1) 0.004 (f %) ¢ 2
S(fok° 0.12 0.02 CcP P 2 _5
Uok3) ) Ace(B — p) ~0.20 0.05 w3770 = DD" 2 (17‘2) o
v (B — DK, D — CP eigenstates) ~ 15° 2.5° Acp(b — s7) 0.012 (1) 0.004 (1) y (1-2) x 10
v (B — DK, D — suppressed states) ~ 12° 2.0° Acp(b— (5 + d)’)‘) 0.03 0.008 (T) cos (0.01-0.02)
v (B — DK, D — multibody states) ~0° 1.5° S(K2x ) 0.15 0.02 (%)
v (B — DK, combined) ~6 1-2° S(0%) possible 0.10 Charm FCNC Sensitivity
a (B — ) ~16° 3° Acp(B — K*¢6) 7% 1% DY sete, D" — ptpu~ 1x1078
a (g = ) ~172"° 1‘92"5(*) AFB(B — K*et)s, 25% 9% D® s 7%te~, D® — 70ty 2 % 10-*
- E ol Z) e 12 (5) ATE S Kt o o D" - pete, D" — nutu- 3% 1078
@ (combin ~6° -2° (% _ . — nete — U x 107
B(B — Kuvw) visible 20% !
20+ (DWExT, DEKIRT) 20° 50 B(B — nv) - possible DY - Klete™, D" — Klptp~ 3x107°
B — Dt — atete”, DT > atuty 1x10°8
t Physics Sensitivity B, Physics @ Y(5S)
o Observable Error with 1 ab™"  Error with 30ab™" M0 _, o+ uF 1x10-8
B(T — p,’)’) 2 x 10 AT 0.16 ps~* 0.03 ps* Dt s mtet T 1 % 10-%
, ; —9 T 0.07 ps—! 0.01 ps—? . B
B(T — 6’}) 2 X ]‘0 Bs from angular analysis 20° 8° D" — ﬂ-Dei'u':F 2107
s 0 + . .F -8
B(T N p’#“) 2w 10-10 Ay 0.006 0.004 DY — ne*p 3 x10
o Acu 0.004 0.004 DY — K% pF 3x10°8
B(T — eee) 2 x 107 B(B, — p*u”) - <8x107°
|Via/ Vil 0.08 0.017 ~ L B
B(r —pn)  4x107%° B(B. — 1) 5871 o D aetet, DY o KTetet  1x107
10 B, from J/y¢ 10° 3° Dt o x-ptpt, DY 5 K-ptpt  1x1078
B('T — 6?}') 6 X 10_ A, from B, — K°K° 24° Dt ﬂ-—ezl:uiF’ Dt 5 K¢ #:F 1% 108
-0 D) —10 . .
B(r - £KjJ) 2x10 > Physics at Super B Factory, arXiv:1002.5012 (Belle II
7

- SuperB Progress Reports: Physics, arXiv:1008.1541 (SuperB)



Need O(100x) more data > Next
generation B-factories

Peak Luminosity Trends (e'e” collider)

SuperKEKB
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How to do it?
- upgrade the existing
KEKB and Belle facility

NRARG ™
i




Super
How to increase the luminosity? QL"B

Beam-beam parameter
Lorentz Beam current

factor \ \

7
R V.. o'jf 1,5 R, Lumi. reduction factor
L=—""1+— = (crossing angle)&
g X

2er R. : :
€T . , ¢, )| ™ Tune shift reduction factor
/ (hour glass effect)
Classical electron 0.8 -1
radius (short bunch)
Beam size ratio@IP Vertical beta function@IP
1 -2 % (flat beam)
1) Smaller g,* < W ”
(1) By <= Nano-Beam” scheme
(2) Increase beam currents «

(3) Increase &,

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB



Super
KEKB

uest for BSM

Belle II Colliding bunches

<

New superconducting
/permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

HH @HH

positrons to inject

Add / modify RF systems = _ -
for higher beam current =%

Positron source

Redesign the lattices of HER & ~ 2amping ring ” T

LER to squeeze the emittance ‘l } ‘

TiN-coated beam pipe Low emittance gun
with antechambers

New positron target /
capture section

‘

Low emittance
electrons to inject

[NEG Pump]

- [SR Channel]
[Beam Channel]

To get x40 higher luminosity
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Belle I

<D Requirements for the Belle II detector

ExpMC 2

Eher B.00 Eler 3.50 Date 10311 3!
BELLE TrglD ODetVer 1 MaglD 21 BField 1.50 DspVer 7.50

Piot(ch) 0.0 Etot(gm) 0.0SVD-M 0CDC-M 2KLM—M O

Critical issues at L= 8 x 103%/cm?/sec

» Higher background ( x10-20)

- radiation damage and occupancy

- fake hits and pile-up noise in the EM
» Higher event rate ( x10)

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

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

Solutions:

» Replace inner layers of the vertex detector
with a pixel detector.

» Replace inner part of the central tracker
with a silicon strip detector.

» Better particle identification device

» Replace endcap calorimeter crystals

» Faster readout electronics and computing
system.

p="J

TDR published arXiv:1011.0352v1 [physics.ins-det] | Peter Krizan, Ljubljan;
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B Belle IT in comparison with Belle
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SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs

CDC: small cell, long lever arm Belle B

ACC+TOF = TOP+A-RICH sl
ECL: waveform sampling, pure Csl for end-caps Parameters are not fixed yet | =g [T 55

T | 8

KLM: RPC - Scintillator +SiPM (end-caps) Y. Ushiroda, I&HEPZOIO
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D SuperKEKB/Belle II Status

Belle IT Collaboration , S * | 15 countries, ~60 institutions,

= 71400 collaborators

o Rt
o

B - ~150 from Europe

S ..

s
heilads -
L2/ fd
bl A
- gl
o0
e
s o
o Tl
y o
. Ly
Argentna

| = construction started in 2010!

Funding

e ~100 MUS for machine -- Very Advanced Research Support Program
(FY2010-2012)

e Full approval by the Japanese government in December 2010; the

project is in the JFY2011 budget as approved by the Japanese Diet end
of March 2011

e Most of non-Japanese funding agencies have also already allocated
sizable funds for the upgrade of the detector.
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<o Luminosity upgrade projection

70 -

605—' _ e S _ o _ A

- Milestone of SuperKEKB
=) 50k ‘ . Plan: reach 50 ab"
é a0— 9 month/year | ; /| In 2020-2021
2% 4o 20 days/month '
38 - ‘
S 20
e E
= 10— : _ ,
- | i 5 ab' in 2016
0 1 1 L L " \ \
x10%° gf_ SOOI FUUU,

2 . Commissioning starts
8~ 6 mid of 2014
EYL u ,
3 E 4 Shutdown
E ~ 2 for upgrade | ] |

2810 2012 2014 2016 2018 2020 2022

Year
Peter Krizan, Ljubljana



@I Super B factory in Italy: SuperB

Construct a new tunnel in Tor Vergata U. near Frascati
- Move magnets from PEP-II
- Move BaBar, upgrade with new detectors

EMC
6580 CsI(TI) crystals

e*(3.1GeV)

Drift Chamber

Instrumented Flux Return

iron / RPCs (muon / neutral hadrons) 5 layers, double sided strips

/_/-J =\

Features:

« use nano beams with crab waist scheme: successfully tested at DA®NE
« run at charm threshold

« polarized e beam



s{;,;} SuperB Detector (with options)

) =4

BEMC Inexpensive Veto IFR Optimized layout. Plan to reuse yoke.
device bringing 8-10% Still need to resolve engineering questions.
sensitivity improvements for DEWAR whorer e

B>t v. Low momentum PID
via TOF? Technical Issues? == N — ][ J[ UPR (¥R BELT 6Layer SVT

o LO Striplets @
-\-\D\ERC PMT SHIELD 1 _6cm |f
~L background is
BI~. acceptable as
~we  # Y | e e .o default. MAPS
- ~. ik | | BARREL CALORIMETER 00 ¥~ Option
BASELINE DESIGN ﬁ%"ngésﬁ N ety - i
0 §- _ 0 mm
oss&gaoss _% = ﬂ I FPID PhYSiCS
e JF gains about 5% in
TN . B>K(*)wv.
S o ol [l %% Somewhat larger
k2 gains for higher
_/"ﬁ multiplicities
L~
= |
LI —| , LWK IFR BELT
— c ) FLOOR
£ R R, T et e U S 1 R R B S L e s e R A R S R el R R X P s e |

M. Giorgi, ICHEP2010
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s SuperB Status

e SuperB has been approved as the first in a list of 14 Italian “flagship”
projects within the new national research plan.

e The national research plan has been endorsed by “"CIPE" ( the institution
responsible for infrastructure long term plans)

A financial allocation of 250 Million Euros in about five years has been
approved for the “superb flavour factory”

e At the end of 2010 an initial sum of 19 MEuros has been allocated
e A sum of the order of 50 MEUR is expected for 2011 budget

From a talk by Roberto Petronzio at the XVII SuperB Workshop and Kick Off
Meeting - La Biodola (Isola d'Elba) Italy, May 30, 2011

Peter Krizan, Ljubljana
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Summary 1

sin2¢, result from final data sample (4% error from a single meas.)
Model independent determination of ¢; (important for LHCb)
Interesting phenomena observed at Y(5S)

New BaBar results on B> D ® v decays — all above SM

Analyses using hadronic tag at Belle: much improved eff. X2, important
for B> D®1v, B> tv, B> Kvv, exclusive b 2 u.

Many measurements being currently updated with final data sets

Soon expected: BaBar 6 —s+d y, Belle: final measurement of ¢, in
B > n* n", measurement of ¢, in B > a; n, B > n%n°, p%p?

Concentrate on measurements that use the unique capabilities of B
factories



EPS 2001 EPS 2011

Summary 2

B factories have proven to be an excellent tool for flévour physics, with
reliable long term operation, constant improvement of the performance,
achieving and surpassing design perfomance

Major upgrade at KEK in 2010-14 - SuperKEKB+Belle II, L x40,
construction started

SuperB near Frascati: build a new tunnel, reuse (+ugrade) PEP-II and
BaBar, approved, ramping up

Tau/charm factories, BESIII and the new ones - e.g. at BINP, will play an
important role in the searches for NP

Expect a new, exciting era of discoveries, complementary to the LHC

D Super 7\
L SuperB
> ‘ '

DO




