Seminar, Birmingham University, Dec 14, 2011

D Super
/D KEKB

~

From Belle to Belle 11

Peter Krizan
University of Ljubljana and J. Stefan Institute

University “Jozef Stefan”
of Ljubljana Institute




Contents

eHighlights from B factories (+ a little bit of history)

ePhysics case for a super B factory

eAccellerator and detector upgrade - SuperKEKB + Belle-Il
eStatus and outlook

Peter Krizan, Ljubljana



A little bit of history...

CP violation: difference in the properties of particles and their anti-particles
— first observed in 1964 in the decays of neutral kaons.

M. Kobayashi and T. Maskawa (1973): CP violation in the Standard
model — related to the weak interaction quark transition matrix

Their theory was formulated at a time when three quarks were known —
and they requested the existence of three more!

The last missing quark was found in 1994.
... and in 2001 two experiments — Belle and BaBar at two powerfull

accelerators (B factories) - have further investigated CP violation and

have indeed proven that it is tightly connected to the quark transition
matrix
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CKM - Cabibbo-Kobayashi-Maskawa (quark transition) matrix:

almost real and diagonal, but not completely!

Amplitude for
the b > u
/ transition
. ‘
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o v

CKM: unitary
matrix




CKM matrix: determines charged weak
Interaction of quarks

Wolfenstein parametrisation: expand the CKM matrix in the parameter

A (=sin6,=0.22) Jr
1-Z A Al(p-in)
A, p and n: all of order one 2 ,
V = ) 1—% A2 |+0(1Y)
AZA-p—in) —AX 1

determines probability of
b->u transitions

A Unitarity condition:
N — '?‘
Vudvgb l(i thvtb VUdVUb +VCdVCb +thvtb —_ 0
\Vﬁ\fcbl ) Ved Vebl
|
v (|)3 | (I)l B
O | [
0 P f 1 :
_ S Goal: measure sides and angles
determines CP violation in in several different ways, check
B>J/y Ks decays consistency >




Asymmetric B factories

BellefllE 2%
4

Hipgh Enerpy Ring
tupgraigt: of existing ringl

Both Rings Housed in Current PEP Tunnel

s V/s=10.58 GeV

e e B Eq. ........... ;E AZ ~ CcBvt
—— Y(4s) - Y(4s) / B ~ Zgé;?m
BaBar p(e)=9 GeV p(e)=3.1 GeV By=0.56
Belle p(e)=8 GeV p(e")=3.5 GeV By=0.42
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KM’s bold idea verified by experiment

Relations between parameters CEE T 4 T fem

A 1 \ fitter =
0.6 = v 5 | TomePoe .
o \ Y

as expected in the Standard Y -\ £
model 45 :

- With essential experimental confirmations by BaBar and
Belle! (explicitly noted in the Nobel Prize citation)

Peter Krizan, Ljubljana



The KM scheme Is now part of the
Standard Model of Particle Physics

eHowever, the CP violation of the KM mechanism is too small
to account for the asymmetry between matter and anti-matter
In the Universe (falls short by 10 orders of magnitude ')

*SM does not contain the fourth fundamental interaction,
gravitation

eMost of the Universe i1s made of stuff we do not understand...

matter

dark energy dark matter

Peter Krizan, Ljubljana



Are we done ? (Didn't the B factories accomplish their
mission, recognized by the 2008 Nobel Prize in Physics ?)

[ Matter - anti-matter
~asymmetry of the Universe:
KM (Kobayashi-Maskawa)
o penmesnte et e s = [1€CNANISM Still short by 10

" orders of magnitude !!

HAPYUWEHMWE ¢ P-MHBAPMAHTHOCTH, C-ACHMMETPHA
H BAPHOHHAR ACHMMETPHA BCEJEHHOW




Two frontiers

Two complementary approaches to study shortcomings of
the Standard Model and to search for the so far unobserved
processes and particles (so called New Physics, NP). These
are the energy frontier and the intensity frontier .

Energy frontier : direct search for production of unknown
particles at the highest achievable energies.

Intensity frontier : search for rare processes, deviations
between theory predictions and experiments with the
ultimate precision.

—>for this kind of studies, one has to investigate a very
large number of reactions events - need accelerators with
ultimate intensity (= luminosity)



Comparison of energy /intensity frontiers

To observe a large ship far away one can either use strong
binoculars or observe carefully the direction and the speed
of waves produced by the vessel.

Energy frontier (LHC)

L ~y,
B | uminosity frontier N\
E (Belle and Belle 11) _ 4

. -
m— wm == "Potor Krizan, Ljubljana



An example: Hunting the charged Higgs
In the decay B- 2 1t v,
In addition to the Standard Model Higgs to be discovered at the

LHC, in New Physics (e.g., in supersymmetric theories) there could
also be a charged Higgs.

The rare decay B- - 1~ v_is in SM mediated
by the W boson

In some supersymmetric extensions it can also
proceed via a charged Higgs

The charged Higgs would influence the decay of a B meson to a
tau lepton and its neutrino, and modify the probability for this
decay.

Peter Krizan, Ljubljana



Missing Energy Decays: B~ 2> 1t~ v,

Exp 33 Run 678 Farm G Event 1707493

Eher 0.00 Eler 0.00 Mon Feb 9 17255248 2004
B EI I E TrgiD  QDetver 0 MoglD 0 BField 150 DspVer 0
Ptot(s, 0.0 Etot{gm}  0.0SYD-M OCDC—M OKLM—H_O

—
~

Bt — D%xT
(—> K‘rr_7'i‘+7l‘_)

BT — T(—> 81/17)1/

By measuring the decay probability (branching fraction) and
comparing it to the SM expectation:

—> Properties of the charged Higgs (e.g. its mass) Peter Krizan, Ljubljana



New Physics reach

energy frontier vs. intensity frontier

Belle 11

SuperKEKB

NP mass scale

(TeV) Belle

IE‘_}_ 1 1 [ R | L
1 10 10

NP coupling
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Super B Factory Motivation 2

Lessons from history: the top quark

Physics of top quark b uot N  d Vi, Vi V,
First estimate of mass: BB mixing > ARGUS _

. . . W~ wt VCKM - Vcd Vcs Vcb
Direct production, Mass, width etc. - CDF/DO . Doz -
Off-diagonal couplings, phase - BaBar/Belle & w Ve Vo

Even before that: prediction of charm quark from the GIM mechanism, and
its mass from K° mixing

Peter Krizan, Ljubljana



Unitarity triangle — 2011 vs 2001

CP violation in the B system: from the discovery (2001) to a precision
measurement (2011).

EPS 2001 EPS 2011

0.5

= u.u-

05+

-1.0
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Unitarity triangle — new measurements

Constraints from measurements of angles and sides of the unitarity
triangle - Remarkable agreement, but still 10-20% NP allowed
—> search for New Physics!

This summer:

Unitarity triangle:

= sin2¢, (=sin2p) : final
measurement from Belle

> ¢, (=y) new model-independent ' *0Fg
method

-2 |Vl from exclusive and
inclusive semileptonic decays

-0.5

-1.0 - EI{ —

salwes =0
EPS 1 H {mcl. Al CL = 0.8% —

_15_||--||||l|i|1|||||||L|-l|||J|_
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0




CP Violation in B decays to CP eigenstates f-;

| sin2g,=+07 "Qfm': sin2g,=+0.7
87 oy
2 « \é?”"";'
—0
I'(B (t)> f.,)-T'(B°(t) > f .
A, (t) = (_O()_) ce) =11 O()_> ) = SsinAmgt+ Acos Am_t
(B (t)— )+ (B (t) > fep)

BY — J/w K in SM: S=sin2¢, (=sin2p), A=0



7> '
Final measurement of

BELLE S|n2¢l (:S”’]ZB) ‘Q ?
¢, from CP violation [Belle, prefmiery, 7017 :Im

measurements in B® — c¢ K° W

Improved tracking, more data

o 3000F ”
(50% more statistics than last result with 480 fb-2); $ | e
cE = Iy, U2S), 21 > 25k events PR
51000:_ cC Kg
detector effects: wrong tagging, finite At resolution, e IR
determined using control data samples R AR R
B — J/4K} B — J/uK} B — ¢4(28)K? B — xaK?
w 350 w 160 w
Lﬂn.hsuni o 140 @
% 250 | E E
2 E o 0
£ 200} E 5
; 5 5

W 150
100}
50}
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BELE

¢, from B® — cc K°

Final result (preliminary) from Belle:

S=0.668 + 0.023 + 0.013
A= 0.007 + 0.016 +£ 0.013

(SM: S=sin2¢, (=sin2p), A=0)

Still statistics limited, part of the syst. Is
statistics dominated!

Tension between B(B— rv) and sin2¢,
(~2.5 o) remains

Belle, preliminary, 710 fbt

Final measurement of sin2¢, (=sin2p3)

B’ - Jiy K’ (535M BB) —4~| 0.642+ 0.031+0.017
HFAG 2010 average |y = 0.670£0.023
B - Jiy K"s - 0.671+ 0.029
B - Jiy K} 0.641+ 0.047
B? - y(2S) K° 4« 0.739+0.079
B’ - x . K§ 0.636 + 0.117
BOH(ICE) K° | 1=t 0.668:0.023+0.013

0 0.2 04 0.6 0.8 1 1.2
sin(29) = sin(2p)
n.:mf‘Pd... e ————— 1"::|'1.|:|
0.9
6.2s [
[ Measurements (1o} 0.8
0.7
e 0.6
é — 0.5
E 0.4
_ 0.3
0.05 CKM(fit wio meas. - 02
- % - 0.1
L —— . 0.0
0.5 0.8 0.7 0.8 0.9 1.0

sin 23
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7>
<> CP violation in B = D*D-and D**D*-

SM: b->ccd, S=sin2¢, (=sin2p), A=0 . ' gta?: p

Belle preliminary - .
B> DD N /

S=—1.06%0.18+0.07 #
320 events [ 1
A=+043+0.16+0.04 o} %3_{’ E :
772 x 10° BB pairs : )
B> (K m*rt*)(K*momr), (K m*) (K@) +c.c. tl]% J—

1.0

raw asymimeLry

Previous measurement (535x10° BB pairs):

S=-1.13+0.37+0.09, S VY S |
A=4091+023+0.06 —> Large CP violation effects in
B D*+D*- many places in B decays!

1 Vector-vector final state, need angular analysis for CPV measurement
":E-;_ J—
= §=-079+0.13+0.03 2

LM

5 A=+0.15£0.08+0.02 £
‘% : = 1225 events, RO =0.63£0.03£0.01 QE’-
N >2Xx increase R, =0.14£0.02£0.01 Q2
_ . o= =28 .. inyield vs the com . [
Nsig_ 225+59 Mbc [GeV/c?] 2009 paper 772 x 108 BB pairs



o, (=y) with Dalitz analysis

Dalitz method:
The best way to b —= -
measure ¢, B~ Wi\“‘(

15

Sl w o8

Ql
|

10f

0.5 -

3
o~
|

:
;x
S0 8 0

m, = m(Kgm*)
m. = m(Kgm)

IS 0.0 [
Favored

05

3-body D® — Kgr*r- Dalitz amplitude

I e _—
'1'§1qu - I-ol.sl - Io!o‘ - o_‘s - I1‘.0| . ‘1I5 - M P 2 2 o }c 2 2 i 2 A
p | i(er,m_)\ p— D(m_|_,m_)‘|_re D(m—?m+)|

m_2 m_2 2

model dependent description of fg — \ 4 reldeLies
using continuum D* data = N -

systematic uncertair;ty> 1
¢=(718+12+£4+09) =(68 £ 14 +£4 + 3)°




¢; (=y) from model-independent/binned
Dalitz method

Dalitz method: How to avoid the B~ — DOK~ B+ _ DOK*

(]

model dependence? :"Ezs
- Suitably subdivide the Dalitz space ¢ )
into bins 1;“15

E a

ME = h{K;+ 3 K_ i+ 2/ KiK_j(xec;+y+s))}

—h

B-I-

: s B CH N
X+ = rg COS((SB + @3) Y+ — 1B 5|n(58 + ¢’3) 05 1 15 2 25 3 05 1 15 2 25 3
m2(Kgrc‘) (GeV3/ch m2(Kgx*) (GeV2/ch)

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

e
»n

= 0.3F

</ Use_only bk 4-dim fit for signal yield 02;
Ngig = 1176 + 43 :

SELLE (AE’ Ivlbc’ Cosethrust’ j:), 0'15
o

Belle, 710 fb! ¢=(77 £ 15 + 4 £ 4)° Py

arXiv:1106.4046 i
/ 0.2;

from c;, s; (statist.!)

-oa;ll FFETEE FEPET ETE |
03 02 01 0 01 02 03
to be reduced X

Important method upgrade for large event with BESIII data
samples at LHCb and super B factories Peter Krizan, Ljubljana




¢, with the ADS method

D. Atwood, I. Dunietz, A. Soni, PRL78, 3257 (1997)

B- —[K*7],K~ compared to

b

B- —[K 7 ],K B W e D e - .'f n
[ o _ :-‘-\.< = U'.}\‘-( g
Ko 1= B([K+W_]DK_) +B([K_W+]DK+) Color+CKM suppressed Favored
Bl “welode ) BT oty U;’J—( - K- W+ l;l K+
Ann = BUEFIpK") — B(E~n*pKY) 5 b — —c 0 —= = .
DE = TE— E—— t Z @ "
_ B([K = ]DK )+B([K i ]DK ) Favored CKM suppressed
using additional input on rg, rp,
@5 can be extracted in a model Rpx = 1B +71D +2rprp cos(dp +dp) cos s,
independ. manner Apx = 2rprpsin(8p+dp)sinds/Rpx,
Breakthrough 2011.: first evidence of the CKM supressed mode
20 B- —[K*'z K >
Nsig:56 +15, 4.1 ¢ sign., @
BELLE

Apk=

Rp=(1.63 *044 4 4,
_039 +0.26 9

+0.07 _0.13).10-2

+0.04
-0.03

Belle, PRL 106, 231803 (2011)
arXiv:1103:5951, 710 fb?

Peter Krizan, Ljubljana



Combined ¢, value:

b, =(68 *13,) degrees

Note that B factories were not
built to measure ¢,

It turned out much better than
planned!

¢, measurement

p-value

1.0

0.8

0.6

0.4

0.2

0.0

O/ -~ D(') K(') GLW + ADS wa |
Sans --- D(*) K(*) GGSZ =3 Combined
Full Freguentist reatmeant on MC basis == GHM flt
HANALE ELLNLE SURLELE B NN L BN B BN BB
. fL N r=168h:) .
0 20 40 60 80 1I]I:| 120 140 160 180
1 (deg)

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

Peter Krizan, Ljubljana




|V,,| from BY — 7 - /* v exclusive decays

— — — 2
: ; Yleld 2d flt |n MbC:MES }Hbc = JEéeam o |pﬂ + p{ + PV
“DE% ¢ 2 £ and AE, bins of q2 AE = Epeam — (Ex + E¢+ Ev)
151:0u olsu Joiou*‘cﬁ: ’:'1*‘0 J_‘Tls L7?0 E 2000 _E Eﬂ_):ﬂv“bﬁg‘;l E _
B=(1.4110.05¢0.07)'10'4 2 1500 —E by sme B S 1s00f
= ¢ B other BB same o L
BaBar, PRD83, 032007 (2011) & 1oq[ = cortmer & 000l
e £ r [ c
B=(1.42+0.05+0.07)-104 ol 5 ol
BaBar, PRD83, 052011 (2011) N oesenrmeuniubualin:. o
B=(1.49+0.04+0.07)-10" A (Gow '
Belle, arXiv:1012:0090
V| extraction: fit data + : o \ Tonf v BABAR(2bing
. . — + — _ i bins
LQCD points in 1R =R b & 1of Rl
ND_ - | » * A FNAL/MILC
BaBar + FNALMILC | [V| = (3.1340.1240.28)-108  J °.l:
<]

Belle + FNAL/MILC Vol = (3.43£0.33)-103

Belle + BaBar + FNALMILC |V, | = (3.26 + 0.30)-103



B—Dtv

Semileptonic decay sensitive to charged Higgs

Ratio of t to pu,e could be reduced/enhanced significantly

B(B — Drtv)
B(B — Dtv)

R(D) =

1

o ) . T.Miki, T.Mimuta and
Complementary and competitive with B—tv % o.s]  M.Tanaka: hep-ph 0109244.

1.Smaller theoretical uncertainty of R(D)
For B—1v, )
There is O(10%) fs uncertainty from lattice QCD e sM

2.Large Brs (—1%) in SM (Ulrich Nierste arXiv:0801.4938.) " \\J_/

3. Differential distributions can be used to discriminate W* and H* gy - 200
4. Sensitive to different vertex B—>7 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

This summer: First 56 observation (BaBar) of B> Dtv decays
(exclusive hadron tag data)

| r:-_ . } B* — D*'r*u, | (1.73+0.170.18)%
Belle inclusive tag, = } B — D" t7 v, [ (1.82+0.19+0.17)%
Belle exclusive tag,
- _
ons } B* — D°r*v,  (0.96+0.17+0.14)%
compared to the —— } B — D 7 v (1.08+0.19+0.15)%
SM prediction : ﬁ" peceiss
BF(%) R ( D ) Tanaka (2010)
0.8 Hep-ph 10054306
All values higher than SM predictions - od
> A very interesting limit on charged Higgs .4 Ihis measure Izl
20
0.2\_/ ]
0.0 0.1 0.2 0.3 0.4 0.5

tan3/mpg+ (GeV ™)



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>1tv, D1v)

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

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

Observation of D mixing
Searches for rare t decays

Observation of new hadrons

Peter Krizan, Ljubljana



Integrated luminosity at B factories

(fb™") . .

1200 Fantastic performance far beyond design values!
—I(Iél(B . | ""D{

1000 I (TE

800 |

400 _ ................................... N

2000

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

>1ab™!
On resonance :
Y(5S): 121 fb!
Y(4S): 711 b
Y(3S): 3!
Y(2S): 25 b "
Y(1S): 6 fb*
Off reson./scan:

~100 b

~ 550 fb™!
On resonance:
Y (4S): 433 b
Y(3S): 30 fb !
Y(2S): 14 tb !
Off resonance:
~ 54 fb!



Tz SY(EE

60 [

New hadrons at B-factories

~

50 —

Discoveries of many new hadrons at B-factories «- _
class of hadrons beyond the ordinary mesons. =} E

800 e e
o vaeeo) |[zasoy| 4
260, D./(2860)
2l D, ,(2700) /
2 X, (3090~
3 400, / <\1(432,0)
" — I XCZ
£ .ol | X(3940), Y(3940
= 300 (3940). Y(3940) r Y(4260)
200! x> baryon_,/ Mt
| “‘1111} X@er2) Hybrid @
1001 D,*0 & D™ = D_;(2317/2460)
o /4— n. & e‘eDcccec |
99/6 00/6 01/6 02/6 03/6 04/6 05/6 06/6 07/6
and more...

Peter Krizan, Ljubljana



What next?

B factories - is SM with the KM scheme right?
Next generation: Super B factories - in which way is the SM wrong?

- Need much more data (two orders!) because the SM worked so
well until now - Super B factory

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

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

Peter Krizan, Ljubljana 32



B Physics @ Y(4S)

Observable

B Factories (2 ab_l)

SuperB (75 eb™ 1)

Observable

B Factories (2 s.b_l]

SuperB (75 ab™!}

| Vo ‘ (exclusive)

sin(23) (J/ K") D.018 0.005 (1)
cos(20) (J/+ K*) 0.30 0.05
sin(2d) (DA") 0.10 0.02
cos{23) (DR") 0.20 0.4
S{Jdf =" 0.10 0.02
S(DtD™) 0.20 0.03
S(¢K") 0.13 0.02 (%)
S(HE" 0.05 0.01 (%)
S(KKLED) 0.15 0.02 (%)
S(KI=") 0.15 0.02 (%)
SlwK?) 0.17 0.03 ()
S(foKY) 0.12 0.02 (%)
v (B — DE, D — CP eigenstates) ~ 1b° 2.5°
v (B — DK, D — suppressed states) ~ 120 2.0°
% (B — DK, D — multibody states) -~ 0® 1.5°
% (B — DK, combined) ~ 6° 1-2°
a (B — ww) ~ 16° 3°
a (B — pp) ~7 1-2° (%)
a (B — pr) ~ 120 2°
a {combined) ~ 6° 1-2° (%)
28+ (DWExT, DER 2T 20° 59
T Physics Sensitivity
B(r - pvy) 2x107°
B ’ 2 x 107
T — e 2 X
n-‘fﬂ— L F I F I N \‘ g~ 1N —10

|Viy| (inclusive)
| Vup,| (exclusive]
(

| Vis| (inclusive]

B(B — tv)
B(B — pv)
B(B — Drv)

B(E — )

B(B — wy)
Acp(B — K'7)
Ace(B — p7)
Acplb — 57)
Acplb — (s +d)7)
S(#Hn"y)

S(e™)

Acp(B — K*¢8)
AFPB{B _ K*2d)s,
AFB(B — X 8d)s,
B(B — Kuv7)
B(B — wvi)

20%
visible
10%

15%
30%
0.007 (1)
~0.20
0.012 (1)
0.03
0.15
possible

%
25%
35%

visible

1.0% (*)
0.5% (%)
3.0% (%)
2.0% (#)
4% (1)

5%
2%

3% (1)
5%
0.004 (1 %)
0.05
0.004 (1)
0.006 (1)
0.02 (*)
0.10

1%
9%
5%
20%
possible

Charm mixing and CP

B, Physics @ Y (5S)

Observable Error with 1 ab™  Frror with 30 ab™?
AT 0.16 ps~? 0.03 ps~!

r 0.07 ps™! 0.01 ps~!

3s from angular analysis 20° &

A% 0.006 0.004

Physics reach with 50 ab-! (75 ab™?):

Physics at Super B Factory (Belle Il authors + guests)

> arXiv:1002.5012
SuperB Progress Reports: Physics (SuperB authors + guests)
> arXiv:1008.1541

Mode Observable  17(45) (3770)
(75 ab™) (300 ™Y
D' —K*tx~ a’® 3x107°
Y 7% 107"
D~ KYK~ ver 5 x107°
D — KYntn~ @ 4.9 x 1071
y 3.5 % 1074
q/p 3 %1072
Ia' 23
$(3770)—D°D° & (1-2) x 107°
y (1-2) x 1078
cos d (0.01-0.02)
Charm FCNC —
Sensitivity
DY —sete, D" — putp~ 11078
DY = g% te, DY = x%utpy— 2% 1078
DY — ne"‘ DD — nutu~ 3 %1078
D" — Klete , D" — Kutpu~ 3x10°8
Dt — gtete™, DT — atputu~ 1x1078
DY s etpT 1x1078
DY — aretyt 1x10°8
D® = x%*uF 2x10°8
D® — netpT 3x 1078
DY K%t~ 3x 1078



http://arxiv.org/list/hep-ex/recent
http://arxiv.org/list/hep-ex/recent

Full Reconstruction Method

e Fully reconstruct one of the B’s to
— Tag B flavor/charge
— Determine B momentum
— Exclude decay products of one B from further analysis

Decays of interest

57 (| BIX, v,

o e B2>Kvv
(SGeVﬁj ( «— e+(3.5GeV) B->Dtv, v
Y(4 -
B / = full reconstruction
K=Y B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana



B-> vv decay

B-> vv similar as B> ppu a very sensitive channel to NP contributions

Even more strongly helicity suppressed by ~(m,/m;g)?
- 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.

EcY
TTTT

Use rest energy in the calorimeter and E::?geule _ other B bkg Non-
8 12} Preliminary
angular distribution as the fit variables. % 10Signal Rare B }1 i {H}
o + L o T
Ll filf M

r
'
f
I
I
[

Lt
r

9[}(}{{5 C- L- B‘R < 1-3 X 10_4 0F o C S L . AT
Belle Preliminary 657M BBbar I LR R G

¢ Y c.f. (Babar) BR <2.2 x 104

Peter Krizan, Ljubljana
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LFV and New Physics

S

Xo
r (7 a@\_#©

m SUSY + Seasaw(M; )z
B Large LFV Br(z=>puy)=0(10-7+9)

Br(z - uy)& lOGX(( mz) ][1Ter tan®

L mSUSY

U pper limits
® TNy
m TUN
-6 A T
actories
le, BaBan
006
7 ‘I | 2018
mSUGRA +seesau\)
SUSY+SO(10)
-8
SM +seesaw
SUSY+Higgs Super ctory
-9
3 — 5
10 10

10 nteg: Lum.( ab?)

T M
t>3l,In +—
‘\/vu(S)
S~
B Neutral Higgs mediated decay.
B [mportant when Msusy >> EW scale.

Br(zr > 3u) =
4x107 X[(mi ) ](tan ﬂjﬁ (woeev j
m; 60 m,
model Br(t—uy) Br(z—lll)

MSUGRA+seesaw 107 10-°
SUSY+S0(10) 108 1010
SM+seesaw 10-° 10-10
Non-Universal Z’ 10-° 108
SUSY+Higgs 10-10 107

Peter Krizan, Ljubljana



Physics at a Super B Factory

There is a good chance to see new phenomena;
— CPV in B decays from the new physics (non KM).
— Lepton flavor violations in T decays.

They will help to diagnose (if found) or constrain (if not found) new
physics models.

B->tv, Dtv can probe the charged Higgs in large tanf region.

Physics motivation is independent of LHC.
— If LHC finds NP, precision flavour physics is compulsory.

— If LHC finds no NP, high statistics B/t decays would be a unique way
to search for the >TeV scale physics (=TeV scale in case of MFV).

Peter Krizan, Ljubljana
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http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg

The KEKB Collider

Fantastic performance far beyond design values!

- e (8 GeV) on e*(3.5 GeV)
* Vs % My(4s)

e Lorentz boost: By=0.425
- 22 mrad crossing angle

SCC RF(HER) Belle detector

.8
ak .‘-l\i.‘

nn

Peak luminosity (WR!) :

Q\;ﬁ &% 3 2. 1x10% cm2s?

' =2x design value
ARES(LER) = Lt
\. res RF cavity

>

Q@ — e* source _ _
\ First physics run on June 2, 1999
Last physics run on June 30, 2010
Lpeak = 2.1x10%*/cm?/s

L > labl!

Peter Krizan, Ljubljana


http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b

SuperKEKB is the intensity frontier

Peak Luminosity Trends (e'e collider) o ) i
1036 — — — — — — - — — - .

40 times higher
luminosity

10* __ ......................

=
&

Luminosity
=
%

=
=

10

1570 1580 1550 2000 2010 2020
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Super

How to increase the luminosity? <EKB

Beam-beam parameter
Lorentz Beam current

factor \ \

RL Lumi. reduction factor

i (crossing angle)&

R. "~ Tune shift reduction factor
(hour glass effect)

Classical electron 0.8 -1
(short bunch)

radius
Beam size ratio@IP Vertical beta function@I|P
1 -2 % (flat beam)
(1) Smaller p,” <— “Nano-Beam” scheme

(2) Increase beam currents «
(3) Increase &,

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB — ‘spin-off* from LC studies



Super

How big Is a hano-beam ? <KEKB
~ (3

How to go from an excellent accelerator with world record performance —
KEKB — to a 40x times better, more intense facility?

In KEKB, colliding electron and positron beams are much thinner than the
human hair...

o,~100um,c ~2um oy~10pum,c,~60nm

... For a 40x increase In intensity you have to make the beam as thin
as a few 100 atomic layers!

Peter Krizan, Ljubljana



Super
KEKB

New superconducting
/permanent final focusing
quads near the IP

New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

' H%%H#H '
A o emance

Redesign the lattices of HER & w # “\M-H <

LER to squeeze the emittance ‘ 1

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

[NEG Pump]

[Beam Channel]



D
] Need to build a new detector to handle higher backgrounds

Belle IT

Event 1
me 90351

BELLE

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 < spup recon. eff. L
- hermeticity < v “reconstruction”

Have to employ and develop new
technologies to make such an
apparatus work!

[TDR published arXiv:1011.0352v1 [physics.ins-detil




Belle 11 Detector

KL and muon detector:
e Resistive Plate Counter (barrel)
- =Scintillator + WLSF + MPPC (end-caps)

EM Calorimeter:
Csl(Tl), waveform sampl

\
Pure Csl + waveform sa li

ification

qg

RS- __ igation counter (barrel)
electrons (7GeV) RS arTw —— Prox g Aerogel RICH (fwd)

4 ,/

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 k
\_

positrons (4GeV)

Central Drift Chamber~ =
He(50%):C2Hes(50%), small ce
lever arm, fast electronics




Belle 11 (top) compared with Belle (bottom)

1 | 2 | 3 | 4 5 | | | | 9 | 10 1 | 12
A LT A
Belle I SIDE VIEW
Super conducting coil
B I : B
5 = :
i olels i
PXD(2 layers) W:_ & | 3
310 50/ =
ol T / 8 280 o
) Srhallleel chamber | g
\ = i |acs § g
'III". SVD _‘m; [ E = = I g_
E \IP Chamber ; i ’ E
' === | [l
—. |435(Cryosta)| B00(Cryostay | L T :
r 1 [y . : o
| g - i 2980 B N ok
a"r- r'\-}-?rtré-‘-:-'.r:rés.—.urru—' --—«—~——CS~L’/>4//4/:/=/>/“//"> A4 o i,
G - | = .
|
Belle
H I

ACC+TOF = TOP+A-RICH
= 1| ECL: waveform sampling, pure Csl for end-caps
| KLM: RPC = Scintillator +SiPM (end-caps)

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm




Belle 1l Detector — vertex region

e

p
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 la)
\_




DEPFET:

D ete Cto r http://aldebaran.hll.mpg.de/twiki/bin/view/DEPFET/WebHome

DEpleted P-channel FET

Beam Pipe r=10mm TR a5

DEPFET ‘-‘-p/
Layer 1 r=14mm —————
Layer 2 r=22mm

DSSD
Layer 3 r= 38mm
Layer 4 r= 80mm o
Layer 5 r=115mm | 7 ‘i
Layer 6 r=2140mm e I saiik

P

Cluster 5x5 (Mod10){RunNo6615) |

C HGluster2510
3000 — Entries 27847
» Mean 321.3
- RMS 220.8
il 1 [ ndf 105.2/ 44
- Constant 1.737e+04 + 188
2000 — MPV 2103 £ 1.0
C Sigma 34.49 +0.39
1500—
C t = 50 pm
1000— S/N=21
500 —
i} ; k- L L aa | T T
0 500 1000 1500 2000
[ADC value]
DEPFET sensor: very good S/N
P et setus Peter Krizan, Ljubljana 48
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D

o Expected performance b

o=ar Asin” 6
Significant improvement in IP resolution! P

[ Impact parameter resolution d0 |

\ | Impact parameter resolution z0 |

o iy Pixel detector close
T S A
E X c £ '
™~ s L1\ Less Coulomb SE Batla to the beam pipe
- 5 N scatterings 'Bl R
.3] g N & Belle Il
3 5 \\\ - \\\F elle 11
\\ . \ \\| \~\\\ g
AN . — B =
o \ o - S M—
. "'-fr-,,:!;;';,:_:_'::_’;;-_r- ey “ i ,,_,7_':77_:_:_.‘:;__;: P i
OHI‘0-5HH1HH1-5‘H‘ZHI25HI3‘H OHH(}.5HH1‘H‘1.5HH2|HZSI_TT_I;ILI_H
pp*sin(6)*? [GeV/c] pB*sin(8)** [GeVic]
0 1.0 2.0 0 1.0 2.0
pBsin(8)= [GeV/c] ppsin(8)> [Gev/c]

Significant improvement in 65(K5n°y) g s

Ks track ntr
@ 535MBB
# "" ...‘

B verte>1~

- . = IP profile 0l /
.....
Ry

Larger radial
coverage of SVD

B decay point reconstruction
with Kq trajectory

10° 1 10
L(ab™)

rcuwel nizail, Ljumjana
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Main tracking device: small cell drift chamber : N

e

Central Drift Cham b

He(50%):C,H(50%), Small cells, lohg

",

lever arm, fast electronics -




Barrel PID: Time of Propagation Counter (TOP)

Focus mirror
(sphere, r=7000)

—

Forward
Focusing mirror

MCP-PMT

Backward .
" Quartz radiator

Small expansion block
Hamamatsu MCP-PMT (measure t, x and y)

Particle Identification Devices

Endcap PID: Aerogel RICH (ARICH)

v

5 5% 55 5% 55 5

Aerogel radiator
n~1.05

Hamamatsu HAPD
+ new ASIC

- C YW W v N
s A - -"F:Iﬂ_‘:-". -

S
—

g ans

L]

]'l TOF support brackst
77?min. / B00max.
1000

1580
1650

\_TOP OBB(Quartz bar box) ﬁ 1~

Pre-amp

cDC
IDS{Inner detector support) and COC-SC{Support cylinder):t

280

Endcap PID

| i BRot G

Aerogel radiator

200

+—>

Hamamatsu HAPD + readout

) N ) ~=" _ ) i . ) |

Peter Kri

Zan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

y

.)L v~400mm
Linear-array type z . P S 3*

photon detector

Quartz bar

Array of

fast PMT's

Cherenkov ring imaging with
Use 2cm thick quartz bars — similar to BaBar DIRC counter.

Reconstruct Cherenkov angle from two hit coordinates and the time of
propagation of the photon

— Quartz radiator (2cm)

— Photon detector (MCP-PMT)
e Good time resolution ~ 40 ps
e Single photon sensitivity in 1.5




X (cm)

b
=

a) Pattern in the
10 . .
coordinate-time space
0 (‘ring’) of a pion
- hitting a quartz bar
-10 with —~80 MAPMT
channels
20 L
0
a00 - D)
Sin Time distribution of
signals recorded by
200 one of the PMT
100 channels: different for
M A nt and K (—shifted in
{} IIL h M m ) | tlme)
0 10 20 30 40 50
t (ns)

Peter Krizan, Ljubljana



Aerogel RICH (endcap PID)

[ RICH Hit Map, w.r.t. track | rich_2d_1

Belle I

Clear Cherenkov image observed
£ Pl L. Il

PRI (ST T T P I W R
-100 -50 0 50 100

Cherenkov angle distribution

Hamamatsu HAPD cooal. e arita
Q.E. ~33% (recent good ones) : oot
Sl - sigma 0.01-349 it 0.0.000?
so00f- o e
- # of tracks : 2'm0I
RICH with a novel 3°°°§_ ”pi';i’f,‘;?:;;ff;;*;.1".’1':‘|
“focusing” radiator — 20000 E——
. - 048
a two layer radiator 1000F"

: . 05“6.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.5 1
Employ multiple layers with
different refractive indices—>
Cherenkov images from
individual layers overlap on the

photon detector.

6.6 0 /K at 4GeV/c !

Peter Krizan, Ljubljana




= Radiator with multiple

GELLE refractive indices

How to increase the number of photons
without degrading the resolution?

- stack two tiles with different refractive

normal Indices: “focusing” configuration
n;=n, r]1< n,
I~ o
<\ >  mmm)> << >
N N
—> focusing radiator

Such a configuration is only possible with aerogel (a form of Si,O,)
— material with a tunable refractive index between 1.01 and 1.13.



D>

5 - X/ ndf 2467. / 116 | :
6000 | PI 5495. | & o4
P2 0295 | =
. : - P3 0.2072E-01
2 |
4cm aerogel single index | P4 85.32 il
o | Ps 796.0
Ny | N2 ny=ny
/ nf= 7.69 B
2000 0.2
1
~J
04
0 B P S P I It B Rl BRI WY 0 P TP T N T R
0 0.1 0.2 0.3 04 0.5 0.4 0.2 0 0.2 04
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
= o & X’/ ndf 1095. /116 | 3
PI ﬂ 7289 | =
I P2 0.3074
2+2cm aerogel [ P3 0.1428E-01
T P4 74.49
P5 884.4
niy| Nz ny<ng
4000 |
= L nf=7.46
= oo L mb=0.83
0 [\. ..... | P Ll\ ) :
0 0.1 0.2 0.3 04 0.5 0.4 0.2 0 0.2 04

>NIM A548 (2005) 383



D> Fallback solution:

el BURLE/Photonis MCP-PMT,

MCP-PMT £

75
100

50
80

25
0 60

.25
40

Photonis (BURLE) 85011 microchannel
plate (MCP) PMT. multi-anode PMT with
two MCP steps % L

photon

photoelectron

Dual MCP

Anode

—>good performance in beam and bench
tests, NIMA567 (2006) 124

—> very fast (<40 ps)

—> ageing: test, not a problem

-100

-50

-75

275 500 25 0 25
ring on PMT plane

X
P ¥

' : ‘{

|
i |

N

N P



Another candidate: SIPM

Another sensor candidate: SiPMs (G-PAD), easy to
handle, but never before used for single photon
detection (high dark count rate with single photon

pulse height) - use a narrow time window and light
concentrators




Cherenkov ring with SIPMs

First successful use of
SIPMs as single photon
detectors in a RICH
counter!

NIM A594 (2008) 13

Peter Krizan, Ljubljana



EM calorimeter: upgrade need because of higher rates
(electronics) and radiation load (endcap, Csi(Tl) = pure Csl)

EM Calorimeter:
Csl(Tl), waveform sampl
Pure Csl + waveform sa

i \
\\\\\\ |

...‘




Detection of muons and KLs: parts of the present RPC system
has to be replace because it cannot handle the high background

rates (mainly neutrons)

K, and muon detector:

Resistive Plate Counter (barrel)

smivScintillator + WLSF + MPPC (end-caps +
parre! 3 . hy

52 Farm 2 Evant 10287 CECLY

Esp 2 Runm

GHECYEYE

] Eher A.00 Eler 350 Date/TIME Wed Jur 9 1723294 1995 Trk £ Thata PR pogthch sl
] 1 4me 147 #4494
- £ 903 158 F19F 0 J
4 Q4 18,7 B d 1
+ a3 18k B 0 REEEEEEEEReSSSY 5,
thi 3 Q08 180 3 a4
h B Q181 280 3 74
T oa M7 L oa
L] HE [H
] 51E ]
531 F
S
7a7
ai,
4.
34.

P e




Muon detection system upgrade In the endcaps

Scintillator-based KLM (endcap)

e Two independent (x and y) layers in one superlayer made of
orthogonal strips with WLS read out

e Photo-detector = avalanche photodiode in Geiger mode (SiPM)
e ~120 strips in one 90° sector |

(max L=280cm, w=25mm) hy-strip
e ~30000 read out channels ) plzie
e (Geometrical acceptance > 99%
Iron plate X-strip
Mirror 3M (above plane

groove & at fiber end)

Optical glue increase the o
light yield ~ 1.2-1.4) Aluminium frame

WLS: Kurarai Y11 J1.2 mm

Diffusion reflector (TiO,) Strips: polystyrene with 1.5% PTP & 0.01% POPOP




The Belle Il Collaboration

A very strong group of ~400 highly motivated scientists!



D

SO European groups of Belle-lI|

Belle IT

*Austria: HEPHY (Vienna)

«Czech republic: Charles University (Prague)

*Germany: U. Bonn, U. Giessen, U. Goettingen, U. Heidelberg, KIT
Karlsruhe, LMU Munich, MPI Munich, TU Munich

*Poland: INP Krakow

*Russia: ITEP (Moscow), BINP (Novosibirsk), IHEP (Protvino)

Slovenia: J. Stefan Institute (Ljubljana), U. Ljubljana, U. Maribor and U.
Nova Gorica

*Spain: Valencia

A sizeable fraction of the collaboration:
in total —~150 collaborators out of —400!

Peter Krizan, Ljubljana
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Lo SuperKEKB/Belle 11 Status

Funding

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

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

Most of non-Japanese funding agencies have also already allocated
sizable funds for the upgrade of the detector.

—>construction started in 2010!

Peter Krizan, Ljubljana



D
] KFKB/Belle status after the earthquake

Belle I

Fortunately enough:

e KEKB stopped operation in July 2010, and the low energy ring was to a
large extent disassembled

e Belle was rolled out to the parking position in December 2010.

The 1400 tons of Belle moved by ~6¢cm
(most probably by 20cm in one direction,
and 14cm back)...

We are checking the functionality of the Belle spectrometer (in particular the
Csl calorimeter), so far all OK in LED and cosmic ray tests!

The lab has recovered from the earthquake, back to normal operation since
early summer.



Schedule (Beam starts in Fall 2014) (L)==

70
60
Goal of Belle 11/SuperKEKB
S0E
o o A0 We witl reach 50-ab
2@ : in 2022
52~ 30
(B : L
258 200
105— 9 months/year
C 20 days/month
o P BV T
x10%° gf Commissioning
ﬁi_ starts in 2015.
> 4— Shutdown
n s -
<2 SE for upgrade
o 3L . I . | . I | |

D10 2012 2014 2016 2018 2020 2022
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(D . Super
</[O Conclusion EKE

Belle I

® KEKB has proven to be an excellent tool for flavour physics, with
reliable long term operation, breaking world records, and surpassing
Its design perfomance by a factor of two.

® Major upgrade at KEK in 2010-14 - SuperKEKB+Belle I, with 40x
larger event rates, construction started

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

® There is a lot of work to do — | you are interested join us — it is a
good group with excellent working atmosphere!

Peter Krizan, Ljubljana
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