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Unitarity triangle — 2011 vs 2001

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

EPS 2001 EPS 2011
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Unitarity triangle — recent measurements

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

Last summer :

Unitarity triangle:

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

- ¢3 (=y) new model-independent
method

-> |V,,| from exclusive and
inclusive semileptonic decays
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CP Violation in B decays to CP eigenstates f-,

([ sin26,z+07 _sin2f,=+07
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B — J/w K% in SM: S=+-sin2¢, (=sin2p), A=0



==y Final measurement of

Sin2¢, (=sin2p)

¢, from CP violation

measurements in B — ¢t K° o
Improved tracking, more data % 3000F :
(50% more statistics than last result with 480 fb™"); 2 e
- = [ — By
cc = J/y, w(2S), y.;, = 25k events 52000 —g v
31000:_ cCc Kg
detector effects: wrong tagging, finite At resolution, A/ \ W
determined using control data samples R R B v
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I
aemd  Final measurement of sin2¢, (=sin2p)

¢, from B% — cc K9

B’ - Jiy K’ (535M BB) | 0.642+ 0.031+ 0.017
Final result from Belle: HFAG 2010 average =] 0.670 £ 0.023
| B ouwK LI o671+0020
F 0. ' 00l B® — Jiy K‘E 0.641+ 0.047
"A=0.007 +0.016 + 0.013 B’ — y(2S) K} 4= 0.739+0.079
L — : > B -y K . 0.636 + 0.117
(SM: S=sin2¢, (=sin2B), A=0) B" (o) K |+ 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(2¢ ) = sin(2p)
statistics dominated! q o
o0 F 0 e 1.0
0.9

BR(B — o)
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I |
/
—
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Tension between B(B— 7v) and sin2¢, uf g
(~2.5 o) remains / k..
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d5 (=y) with Dalitz analysis

Dalitz method:

The best way to b — = % 5o
measre ¢ po e

c

_ = B

T =i wu (_&

Color+CKM suppressed D° — Kgn*n
S
I-«’L:'_,I< a K~
b - o < 0
u e u

Favored

P [Me(mi M) =

model dependent description of 1, —
using continuum D* data =

3-body D? — Kgn*n- Dalitz amplitude

fo(m2, m2) + rD(mQ? m2 )

2

m_2 m_2

‘ i ref(?g +igs

systematic uncertainty




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

Dalitz method: How to avoid the B~ — DK~ B+ — DUK*:

w

model dependence? 3525

—> Suitably subdivide the Dalitz space : -2

into bins ¥
E 1.5

—h

M = h{Ki+ rBK_ 42/ KK (e i+ yes))
B+

xy = rgcos(dp + ¢3) yi = rgsin(dp * ¢3) AT v vt mel o oot e ST

mZ(K‘;ﬂ (GeV3/iet mZ(ng) (GeV3/eh
M # B decays in bins of D Dalitz plane, K;: # D° (D°) decays in bins of D Dalitz plane (D*
— D), ¢, s; strong ph. difference between symm. Dalitz points €< Cleo, PRD82, 112006 (2010)

o
01

= 03F
e onl K 43 4-dim fit for signal yield 02,
BELLE 9 - (AE, My, coSO,yst» F ) 0.1

$=(T7T £ 15 4 + 4)°

0.15

0.2k

from ¢, s; (statist.!) 03

03 02 01 0 01 02 03

Important method upgrade for large event to be reduced with data from  *
samples at LHCb and super B factories BESIII and super B factories

Peter Krizan, Ljubljana



¢ with the ADS method

B~ —[K* 77 ],K~ compared to

B(K+r|pK~) + B(K nt]pK+)

B K] K-
Kox = BiR—=
Apk =

|
]
]

pH )+ B(

[
[
[

Kta—

]
]

pKT)
pKT)

[
B(KTr~|pK™) - B([K =T
B(Ktr—|pK—)+ B([K—nt|pK™)

using additional input on rg, rp,
¢5 can be extracted in a model
iIndepend. manner

B

Favored

Kpx
Apxr

— U-"'.L\-‘{ -
K o
Favored

S W+ =

" ~

CKM suppressed

?“JQB 4 r% +2rprp cos(6p + dp) cos ¢,
2rprp sin ((53 + (5}3) SiIlgESg/RDK,

Breakthrough 2011: first evidence of the CKM supressed mode

20
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2 16 ¢

M
=

Events / 10

—
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B —[K*r oK
N,=56 £15, 4.1 & sign.,
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Combined ¢, value:

¢3; measurement

Note that B factories were not
built to measure ¢,

It turned out much better than
planned!

p-value
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EOZ7M - D(') K() GLW +ADS [wa_]
ST --- D(*) K(*) GGSZ =3 Combined

Full Freqguentist reatmeant on MC basis == CH‘M ﬂ-t
NN ERELELE SLENLE N N B B B B B
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This is not the last word from B factories, analyses still to be finalized...

Peter Krizan, Ljubljana




|V,,| from B — = - /% v exclusive decays

: . = 2 > oo o2
Yield: 2d fitin M ;=Mgg b = \/Ebeam = |pr + pe + P
and AE, bins of g2 AE = Epeam— (Ex + E¢+E,)
= E 2000 :i :
g 1s00 E 1500 |
E‘muu g 1“““5
5 L
W so0 500 |
0 n-
S 520 522 524 526 5.28 i
! z Mes (GeV)
|Vl extraction: fit data + ) ) T of o VNS
. . — + — _ B bins
LQCD p0|nts in q (pf pv) (pB p;z) é 10:_ ° gélﬁ:jfsg:j)
Nc_ B | A FNAL/MILC
BaBar + FNAL/MILC 2- :
<

Belle + FNAL/MILC | f

Belle + BaBar + FNAL/MILC S A e i & 7 5




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)

o _ - 1 T.Miki, T.Mimuta and
Complementary and competitive with B—1tv % ..l M.Tanaka: hep-ph 0109244,
1.Smaller theoretical uncertainty of R(D)
For B—1v,
There is O(10%) fs uncertainty from lattice QCD " Sk
2_|_arge Brs (N]_O/o) iIN SM (Ulrich Nierste arXiv:0801.4938.)u‘z \\/_/

3. Differential distributions can be used to discriminate W+ and H* n;;-t;;ﬁ i
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

EPS HEP 2011: First 5 observation (BaBar) of B> Dtv decays

Belle inclusive tag,
Belle exclusive tag,

compared to the

SM prediction WL o OR

r
BF(%)

All values higher than SM predictions >

- A very interesting limit on charged Higgs

For an update of the result see
Guy Wormeser's slides this morning

(exclusive hadron tag data)

J:',_,_': ’ } B+ — D%ty

R(D) Tanaka (2010)
Hep-ph 1005 4306

This measure

0.1 0.2 03 0.4 05

tan3/mg+ (GeV ™)




Leptonic decays of charmed mesons D, 2 v, tv

Again make use of the hermeticity of the aparatus!

Recoil method in charm events:
e Reconstruct D, to tag charm, kaon to tag strangeness

e Additional light mesons (Xg,,) can be produced in the fragmentation
process (r«, ©m, ...)

2 step reconstruction:

e Inclusive reconstruction of D, mesons for normalization (without any
requirements upon D, decay products)

e Within the inclusive D, sample search for D, decays

"

o D, — puv: peak at m2 =0 in M? (Diag K Xeragv12)

IMiss
e D.— Tv: peak towards 0 in extra energy in calorimeter

Peter Krizan, Ljubljana



Fit to the missing mass squared — M2,;..(Diag KXtragy 1)
D; -t Vu Belle Preliminary .r‘_ﬂf.?ﬂf}j

Signal
True D, Backzround
Combinatorial Backzround

@
o
|

Selection:

Events / ( 0.01 GeV?)
3

region

@ 1 charged track pointing to 20
the IP

@ passing muon PID _ 5‘3
requirements 3 g B

S | Y R | M 'E.a
anissinmgﬂxfragTu} (GeV?)

Ng:el ,, = 489 £ 26

Belle preliminary @ 913 fb—!
B(Df — ptv,) = (0.528 £ 0.028(stat.) = 0.019(syst.))%

Most precise measurement up to date.

A. Zupanc (KIT) Ds — £v and fp, CHARM2012, May 2012 14 / 30

1 87B(Ds — fvy)
Geme (1= 3 ) Vs Mp, o,

Extract fy, : fb, =



fp. Comparison

-c [FRDE0,112004(2009)], ar |FRD82,001103(2010)) an
% 300 CLEO-c BaBar Belle Preliminary
= - - -
Rl —3 1 T - — =T
o 280 : :
— i
260 = + +
240 —
220—

Average of experimental determinations is consistent within 1.80 with most

precise lattice QCD calculation by HPQCD.

Need further lattice QCD results with comparable precision to confirm the

calculation by HPQCD.

A. Zupanc (KIT) D. — fv and fn CHARM2012, May 2012 20 /



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, D1v)

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

Forward-backward asymmetry (Ags) in b—>sltl- 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



(fb™")

1200 Fantastic performance far beyond design values!

Integrated luminosity at B factories

—KEKB  ——PEP-|

1000 |

400 |-

200 |

u-,

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): 3fb!
Y(2S): 25 b "
Y(1S): 6 fb*
Off reson./scan:

~100 fb !

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



New hadrons at B-factories

Discoveries of many new hadrons at B-factories so
class of hadrons beyond the ordinary mesons.

B00) [ e N
v Y(4660) || Z(4430) I
700 Y(4008) |
260 D;(2860)
e D, ,(2700)
= X_ (3090 -
7 v /JY(4320)
2 400 — !
F= Xz |
£ X(3940), Y(3940 / fe
oo 2000 YOO > /5 ameny |
200 2. baryon_,/
tripley_¢ X(3872) |
1001 D*0 & Dy*8> j=r4—D_;(2317/2460)
0 | _/—"4— n. & e*e->cccc
99/6 00/6 01/6 02/6 03/6 04/6 05/6 06/6 07/6

o 7T Y(RS)

60 [ =

=~J

50|

30}

Cf 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, ete 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 21



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

B 7 (| BIX v,

o e B>Kvv
(SGQVﬁégﬁk —e+(3.5GeV) [ B3Drv, tv
Y(4 -
B / (3 full reconstruction
“e<s B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana



An example: Hunting the charged Higgs
in the decay B 2> 1t v,

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> t v,

Exp 33 Run 678 Farm ¢ Event 1707483

Eher 0.00 Eler 0.0 Mon Feb G 17255246 2004
B EI I E TrglD QDetVer O MoglD 0 BField 1,50 Dspier 0
Ptot(g 0.0 Ftot{om} 0.0SVD-M OCOC—M OKLM—M_0

B* — D+t s
(— KTr_Tr+TF_) . ‘
BT — 1(— evi)v Ity = 3
A

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, Ljublijana



B-> vv decay

B> vv similar as B> p p 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.

" Belle other B bkg Non-
;— Preliminary
-Signal Rare B +

-9

Use rest energy in the calorimeter and
angular distribution as the fit variables.

- ok omk
= Mk

Events/0.05 GeV

90% C.L.BR< 1.3 x10*
Belle Preliminary 657M BBbar

¢ Y c.f. (Babar) BR <2.2 x 104

Peter Krizan, Ljubljana
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10

LFV and New Physics
w2l S >3y

4 h\
r (7 @)\ #e)
(. x — -2 \ _lI(E)

m SUSY + Seasaw(m|~2 D 13) B Neutral Higgs mediated decay.
B Large LFV Br(t=>uy)=0(10-7"?) B [mportant when Msusy >> EW scale.
, ) Br(t »>3u)=
e 10[(2)][;TV] s axt07x U (tanﬂ)é 100GeV )
5 L w60 m,
Upper limits
fLEO rd | i model Br(r—uy)  Br(z—lil )
-6 A ToHHR
P e %feelllgtoBrgeBsar) MSUGRA+seesaw 107 10-°
A 006 SUSY+S0(10) 108 10-10
7 mE 2018 SM+seesaw 10 10-10
mSUGRA”‘“’”“\) Non-Universal Z’ 109 108
g Y SUSY+Higgs 10-10 107
SM +seesaw
SUSY+Higgs Super ctory
-9
-3 ' Peter Krizan, Ljubljana

10 107 10 Integ: Lum.(ab?)



Physics sensitivity at Belle |

Observable Belle 2006 SuperKEKB TLHCh
\ - (~0.5 ab~1) (5 ab~1) (60 ab=1) (2 1) (10 b1)
Leptonic/semileptonic B decays
B(Bt = rtu) 3.50 10% 3% = -
B(Bt = putv) tt « 24Bgy 4.3 ab~! for 5o discovery % .
B(B* — Dtv) - B% 3% - -
B(B" — Drv) . 30% 10% - -
LFV in 7 decays (U.L. at 90% C.L.)
B(r — wy) [1079] 45 10 5 - .
B(r — pn) [1077] 65 5 2 - -
B(r — pup) [1079)] 21 3 1 : e
_Unita.rit}r triangle parameters
sin 2¢ 0.026 0.016 0.012 ~().02 ~(.01
g (mw) 11° 10° 3° - -
@ (pm) 68° < ¢ < 95° 3" 15 10° 4.5°
@2 (pp) 62° < g2 < 107° 3° 5" - -
¢a (combined) 2 =1 107 4,5°
o3 (DK (*)} (Dalitz mod. ind.) 20° 7o 27 8°
ds (DK™) (ADS+GILW) - 16° 5" 5-15°
ds (D7) - 18° 6°
¢a (combined) 6° 1.5° 4. 2.4°
|Vap| (inclusive) 6% 5% 3% - -
|Vius| (exclusive) 15% 12% (LQCD) 5% (LQCD) - -
i 20.0% 3.4%
7 15.7% 1.7%




Physics sensitivity at Belle ||

Observable Belle 2006 SuperKEKB "LHCb
(~0.5 ab 1) (5ab 1) (50 ab~1) (2f 1) (10fb 1)
Hadronic b — s transitions
AS g 0.22 0.073 0.029 0.14
A8, g0 0.11 0.038 0.020
ASgo oo 0.33 0.105 0.037 - -
Ao K% 0.15 0.072 0.042 - -
Apsi+ 0.17 0.05 0.014
¢ (3K 5) Dalitz 3.3° 1.5°
Radiative /electroweak b — s transitions
SKxoy (.32 0.10 0.03 - -
B(B = X.v) 13% % 6% - -
Acp(B = Xav) 0.058 0.01 0.005 - -
Cy from Apg(B — K*{té) - 11% 4%
Chp from Apg(B — K*#teE) - 13% 4%
G'irfl:"'g from AFBI:B -3 K'E-I-f_] - 5% %
Rg 0.07 0.02 0.043
B(B* = Ktw) tt < 3 Bgy 30% - -
B(B" = K*'vi) Tt < 40 Bay 35% - -
Radiative /electroweak b — d transitions
Spry - 0.3 0.15
B(B = Xav) - 24% (syst.) - -

Physics reach with 50 ab1: Physics at Super B Factory (Belle II authors +

guests) hep-ex arXiv:1002.5012



More examples...

B—Kvv, B~ 4-10-6 it
B —-K*vv, B~ 6.8-106 Sy
{5

SM: penguin+box

Look for departure from the
expected value -

information on couplings Cv;
and Cv, compared to (Cv >

Again: fully reconstruct one
of the B mesons, look for
signal (+nothing else) in the
rest of the event.

03 |
0.2 |

0.1 |

01 |

05 [

B -K®Mvv

arXiv:1002.5012

adop
JHEP 0904, 0

r et al.,

0.4 |

<« Theory

-------
e -
=
ar

-
ll".i
-

o

VICE + [CRI?

[(CDM]




More examples...

CP violation in B> Km0

t-dependent decays rate of B - f;

* 0
B—>K (9K5T5 )’Y S and A: CP violating parameters
t-dependent CPV NG
P(B° - f:Af)= [1+ S/, sin(AmA?) +
4r
SM:
+ AL, cos(AmAL)]

S ~-(2m/m,)sin2¢, ~ -0.04

0
Left-Right Symmetric Models: Cep KS T YSCP VS CCP #ﬁ%

% 0.8
Sep' " ~0 / N BaBaN
o7 Belle

Average

5,550 = -0.15 £0.20 ,\
ALK = 0,07 £0.12 st _

\ 50abl /
0.8 i 1

(~SM prediction) o8 0.4 0 0.4 08

Contours give -2A(In L) = .i\)c2 =1, corresponding to 60.7% CL for 2 dof




Complementarity

Super B Factories/LHC

one example:

LHC: search for H* (MSSM);

H*— tb, t —> bl v

signal of H* with m,=300 GeV/c?

and tanf =30;

Super B factories: verification if signal

indeed from H*:

contribution of H* to B(B > 1v)

['(B" > 1'v)

™ (B* - r'v)

=(1-

2
mg 2 N2
Y tan ﬂ)
my

Atlas, reconstructed
H* mass
H' —tb, tanB=30, L=30 fb""

my, = 300 GeV

Events/2 GeV

160i
140 ;
120
100;
80;

60 -

40 |
L L 1 | " 1 L P | 1 " -I_
200 225 250 275 300 325 350 375 400
m,(GeV)
m,, [GeV]

tanf=20, L=30 fb1
200

+++++

100° |

50

20D == = Fpo = B = Ep =
m, [GeV]

11600 -
71200
| 8000 ——

| 400

Belle I, Eg, in

B -1tV
L=5 ab?

AN~160%50

—+ SM
-+ H*
—+  bckg.

0 01 02 03 04

tanf=20, L=5 ab! Ecc [GeV]

1600

800" |

400

" AN~ -140 + 50 f

1200

1 ; ot




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->1v, Dtv can probe the charged Higgs in large tanp 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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The KEKB Collider

Fantastic performance far beyond design values!

SCC RF(HER) Belle detector ~ & (8 G€V) on e¥(3.5 GeV)

= B * VS & My
g Dy Peak luminosity (WR!) :

) .5 - Lorentz boost: By=0.425
W P 2.1 x103%* cm2s1
ES(LER) e liciaa ' =2x design value

v

9

= - 22 mrad crossing angle
AR

Ares RF cavity

Q@ < et source _ _
U B First physics run on June 2, 1999
Last physics run on June 30, 2010
Lpeak = 2.1x10%%/cm?/s

L > 1ab!

Peter Krizan, Ljubljana



SuperKEKB is the intensity frontier

Super
Peak Luminosity Trends (e'e” collider) ) <EB

40 times higher

1DM . ) . S S
: luminosity

=
E

Luminosity
=
7

=
2

107 L

1970 1580 1950 2000 200 2020
ana



Super

How to increase the luminosity? <EKB

Beam-beam parameter
Lorentz Beam current

factor \ \

'H-‘!" w

Lumi. reduction factor
E

\i §:3+
L= Ve (1 + — )(‘ = (crossing angle)&

26’1" \ Tune shift reduction factor

(hour glass effect)
Classical electron 0.8 -1
radius (short bunch)

>}Q

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

-
e
-
-
-
-
e
-

(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 nano-beam ? KEKE

~ 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...

c,~100um,c ~2um G~10um,c,~60Nm

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

Peter Krizan, Ljubljana



] ] Super
Machine design parameters @ﬂ

KEKB
parameters
LER HER
Beam energy Eb 3.5 8
Half crossing angle 0) 11
Horizontal emittance Ex 18 24
Emittance ratio K 0.88 0.66
Beta functions at IP Bx /By 1200/5.9
Beam currents b 1.64 1.19
beam-beam parameter & 0.129 0.090
Luminosity L 2.1 x 103
- Small beam size & high current to increase luminosity
 Large crossing angle
- Change beam energies to solve the problem of short lifetime for LER

Peter Krizan, Ljubljana



Replace short dipoles
with longer ones (LER)

" New beam pipe

Super
KekB

‘i

BeIIe II Colliding bunches

New IR

T ——

New superconductlng
/permanent final focusing

& bellows

quads near the IP

HHH A
>

T

Add / modify RF systems . .
for higher beam current =%

Low emittance

Redesign the lattices of HER &
LER to squeeze the emittance

TiN-coated beam pipe
with antechambers

[NEG Pump]

[SR Channel]

S [Beam Channel]

Damping ring #—‘\-.{,_‘__

positrons to inject

Positron source

New positron target /
capture section

\ie/

Low emittance gun

Low emittance
electrons to inject

To get x40 higher interaction rate



----------

15t installation of the SuperKEKB magnet on Feb. 7 2012.
« The main purpose of this installation was to debug the tools and methods for

installing the 4 m LER dipole over the 6 m HER dipole (remain in place).

« Installed 2 dipole magnets. The rest of the LER dipoles are scheduled to be
installed this year.
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Belle Il

] Need to build a new detector to handle higher backgrounds
BELLE i bas oo i e
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”

T T S Exp 25 Run 1886 Event 1
Eler 3,50 Date 1031120 Time 90922
Ver 1 MoglD 21 BField 1.50 DspVer 7.50
0.0 Etot(gm) 0.0SVD-M 1CDC-M 2KLM-M 0O
T .t =
5 e .

Have to employ and develop new
technologies to make such an

apparatus work!
9

[TDR published arXiv:1011.0352v1 [physics.ins-detj | Peter Krizan, Ljubljan;

b




Belle II Detector

KL and muon detector:

Resistive Plate Counter (barrel)
ntillator + WLSF + MPPC (end-caps)

EM Calorimeter:
CsI(TI), waveform samp
Pure CsI + waveform sam

igation counter (barrel)

electrons (7GeV) | Aerogel RICH (fwd)

-
Beryllium beam pipe
2cm diameter

Vertex Detector V : =

positrons (4GeV)

He(50%):C2Hs(50%), small
lever arm, fast electronics




Bel

le IT (top) compared with Belle (bottom

Belle Il SIDE VIEW
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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 IT Detector — vertex region

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 la
\_




DEPFET:

Ve rtex Dete Cto r http://aldebaran.hil.mpg.de/twiki/bin/view/DEPFET/WebHome

DEpleted P-channel FET

Beam Pipe r=10mm
DEPFET
Layer 1 r=14mm
Layer 2 r=22mm
DSSD
Layer 3 r= 38mm
Layer 4 r= 80mm
Layer 5 r=115mm
Layer 6 r = 140mm

Cluster 5x5 (Mod10)(RunNo6615) |

C HCluster2510
3000 — Entries 27842

C Mean 3213

ol RMS 220.3
25001 1t nlf 105.2/ 44

u 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 —
n '_[ T ik o i ek 1 I i i i
0 500 1000 1500 2000
[ADC walue]

DEPFET sensor: very good S/N

Important contribution from Valencia!




Expected performance b

Significant improvement
in vertex resolution!

Less Coulomb
scattering

Significant improvement in SS(Kcnoy) 21 LT

B verte)l.

L —— z —=> IP profile

....
....A

Y

B decay point reconstruction
with K trajectory

o=a-+

\ | Impact parameter resolution z0 |

E —w——— _ Pixel detector close
E .
S .t to the beam pipe

% é l\ BOCTTG
g elle Il
: \\ Belle II
\ \\\ -
<
- —

10 e e SR S—
[IHHO.SHH1HH1.5|H‘ZHHZHH3H
0 1 O 2 O pR*sin(6)*? [GeVic]

ppsin(6)2[GeV/c]
_'-:';"-:.'__zsoMBB

-1
10 -

Larger radial
coverage of SVD

10" 1 10

L(ab™)

rcuwcl nizaii, |_Jumjana

ppsin” 6
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Main tracking device: small cell drift chamber

ﬁ\\

, _—
NS
> G % ~ !J;?QO Sy

C
W

AR

N -
"

] i

R

Central Drift Chamber
He(50%):C,H¢(50%), Small ce
lever arm, fast electronics




Particle Identification Devices! tdcap PID: Acrogel RICH (ARICH)
«200mm

“oto“
—| Barrel PID: Time of Propagation Counter (TOP) W
MCP-PMT (sphere. (7000 o
= -

Backward Qua rtz radiator Forward _
Focusing mirror Aerogel radiator

Small expansion block n~1.05
Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
+ new ASIC

VAN U L | | 2980 4oy ) ) ) )L ) S Y WY W NN
. "80 5 \."" T | | I. [ | | T 2870 I_i'_ull III,-r 7 77 777 o 7 ":"j

5 55 5555 55 5

A AL -:‘5\ A A A A I| | | | I Y ,'dll S e -"'z"-. A -""'K ., - i /{- AW A% a8 ..:

\ TOF support bracket '\ TOP 0BB(Quartz bar box)
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1000 1650
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Dhawail

IDS{Inner detector support) and COC-SC{Support cylinder)t
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Aerogel radiator ‘ l

—— ) «—> Hamamatsu HAPD + readout
] - : i
:?l e E——— \l : 200
_ _ 1 _ “‘%F’ﬁw _ - o _ _ - -

Peter Krizan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

Focus mirror
%MT (sphere, r=7000)
Backward Forward 2
K|n =
IIIIII
|':-'I Quartz bar 5t
||':.'; Array of
/ fast PMT’s sl
e Cherenkov ring imaging with ‘b
e Use 2cm thick quartz bars — similar to BaBar DIRC
counter.
o 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 T field

GI||||I||||I||||I||||I||||I||||I||||I||||I
o/ I I L R T R /) J’(J fﬂﬂ
X (Cin




[ ¥ 4
> X v
™ ,/

Hamamatsu HPD
Q.E. ~33% (recent good ones)

RICH with a novel
“focusing” radiator —
a two layer radiator

Aerogel RICH (endcap PID)

[ RICH Hit Map, w.r.t. track | rich_2d_1
Entries 412449

Mean x -0.09929
Meany -0.4320
RMS x 43.24
RMS y

.,..|....|..|.0
-100 -50 0 50 100

Cherenkov angle distribution

Employ multiple layers with
different refractive indices—>
Cherenkov images from
individual layers overlap on the

photon detector.

v

= Entries 64801
Mean 0.3092
= ) RMS 0.07419
6000 1 %2 I ndf 143.5 28
constant 6129+ 39.4
5000 nfear; 0.3067 = 0.0001
sigma 0.01349 = 0.00007
BG const -192.6 = 20.5
4000 ot BG slope 1715+ 60.4
C |
o # of tracks : 2700
3000 # Photons : 41339.7 +- 227.3
- Photon/track: 15.31 +- 0.08

BG /track : 2.00 +-0.03

2000

i =rorE o A L o P el i e o et aal ey
DO 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

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 iIndices: “focusing” configuration
n,=n, n;<n,
1% 7z
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

& X/ ndf 2467. 7 116 I
6000 | Pl 5495. *:}\
P2 02065 |
] i P3 0.2072E-01
4cm aerogel single index P4 85.32
000 P5 796.0
Ny | No ny=ny
/ nf=7.69
2000 F
1
I™~—]
\ 0 1 1 1
0 0.4 0.2 0.3 0.4 0.5 (0.4 -0.2 0 0.2 04
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
= w000 | X’/ ndf 1095. /116 | 3
- PI n 7289. | =
- P2 0.3074
2+2cm aerogel o Py 0.1428E-01
i P4 74.49
PS5 884.4
ny| N2 ny<ny
4000
= nf=7.46
~ oo b nb=0383
0 [\' ..... e P L1\" , .
0 0.1 0.2 0.3 04 0.5 -04 -0.2 0 0.2 0.4

T

>NIM A548 (2005) 383



EM calorimeter: upgrade need because of higher rates
(electronics) and radiation load (endcap, CsI(Tl) > pure CsI)

EM Calorimeter:
CsI(TI), waveform sampl
Pure CsI + waveform sa




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)
wScintillator + WLSF + MPPC (end-caps +
s  Rebar .

Eap I Run 52 Farm 2 Event 10267 ECL)
L] Eher A.00 Eler 350 Oote/TIME Wed Jur 9 1723204 1999 Tri E  Thata P moateh sl
L] 1 4mAe 147 #4144
n 2 am1 158 FAF o O
4 d4 187 =8 49 4

o o FEETERRTE TP 0 B R
shrg Trkc ) § Q0 180 523 4 4
hata  Phi ace taf muld B a181 280 3 74
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2piE =3 44En 104
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21 3, =L 104
§ a4, IE 4 7
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Muon detection system upgrade in the endcaps
Scintillator-based KLM (endcap)

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

Photo-detector = avalanche photodiode in Gelger mode (SiPM)

~120 strips in one 90° sector
(max L=280cm, w=25mm)
~30000 read out channels
Geometrical acceptance > 99%

Mirror 3M (above
groove & at fiber end)

—

Optical glue increase the
light yield ~ 1.2-1.4)

WLS: Kurarai Y11 J1.2 mm

Iron plate

Aluminium frame

b y-strip

plane
.
= X-strip
plane

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!



European groups of Belle-II

*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 comes from Europe:
in total ~150 collaborators out of ~400!

Peter Krizan, Ljubljana



SuperKEKB/Belle II Status

Funding

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

Full approval by the Japanese government in December 2010; the
project was finally 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



KEKB/Belle status after the earthquake

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 ~6cm
(most probably by 20cm in one direction,
and 14cm back)...

We are checking the functionality of the Belle spectrometer (in particular the
CsI 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) @;

70,
60
Goal of Belle Il/SuperKEKB
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(D - Super
/O Conclusion KEKB

Belle IT

® 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 II, with 40x
larger event rates, construction started

® [Expect a new, exciting era of discoveries, good competition with
SuperB and complementary to the LHC

Peter Krizan, Ljubljana



