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B factory physics program

B factory main task: measure CP violation in the system of B mesons

specifically: various measurements of complex elements of

Cabbibo-Kobayashi-Maskawa matrix q:
w* !
CKM matrix is unitary -

V. qa.-
deviations could signal processes not included in SM 1] 93
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Transitions between members of the
same family more probable (=thicker
lines) than others




CKM: almost a diagonal matrix, but not completely
CKM: almost real, but not completely!
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CKM matrix

Wolfenstein parametrisation: expand in the parameter A (=sin6.=0.22)

A, p and n: all of order one
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Three Angles: (¢19¢29¢3) or (Ba oL, Y)

B0 > - nt, B2>p*p

n Angles: measured in CP

. violating processes
Vuqub

VEEVEEE
Vchcb

B->DK

Big Questions: Are determinations of angles consistent with
determinations of the sides of the triangle? Are angle
determinations from loop and tree decays consistent?
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Time evolution in the B system

An arbitrary linear combination of the neutral B-meson flavor
eigenstates

a/B°)+b/B°)
is governed by a time-dependent Schroedinger equation

dl(a (a ] a
[ — =H =(M —=T)
dt [bj \b] 2 Lbj

M and I" are 2x2 Hermitian matrices. CPT invariance >H,;=H,,

v M M, P I,
B ]\41*2 M F1*2 T diagonalize -
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Time evolution in the B system

The light B, and heavy B, mass eigenstates with
eigenvalues m,,I',,m,,I', are given by

BL> :p‘BO>+q‘§O>

B,)= /8o

The eigenvalue differences

Amy,=m, —m, Al , =1, -1,

They are determined from the M and I matrix elements
1 o 1 2
(AmB)Z _Z(AFB)Z = 4(‘M12‘ _Z‘Flz‘ )

Am, AT, =4Re(M T3,
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Time evolution of B’s

Time evolution:
B, (1)) =g, (1) B°)+(q/ p)g (1)

B),.())=(plq)g ()| B°)+g.(t)

B’)
B’)

with g (t)=e™e""? cos(Amt ] 2)
g ()=e™e?isin(Amt ] 2)

M = (M,+M,)/2
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Decay probability

2
Decay probability P(B° —> 1) < ‘< f ‘H ‘ B, (t)>‘
Decay amplitudes of B and anti-
B to the same final state £ Ay = <f‘H‘BO>
Ay =(f|H|B°)

Decay amplitude as a function of time:
(f|H|BY, () =g, (O)(f|H|B°)+(q/ p)g_(){f|H|B")
=g, (04, +(q/ p)g_()4;

... and similarly for the anti-B
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CP violation: decay rate asymmetry vs. time

P(EO = frp,t)—P( B fopst) Decay rate asymmetry
da = — =
" P(B® > fopi )+ P(B® > fop1)
- 2 -
(plq)g (DA, +g, (DA, —|g. )4, +(q/p)g (©)Ase
2

(P/9)g (DA, +g.(Ar| +|g. (04, +(g!p)g ()4,

(=14, [)cos(Amz) —21m(A, )sin(Amz)

2 A
l+ ! ﬂ’fcp ! /qL — i—f
= C cos(Amt) + S sin(Am) p 4

Non-zero effect if Im(L) # 0, evenif [A]| = 1

a, =-—Im(4)sin(Amz)

CP

IfIA =1 >
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CP violation in the interference between decays
with and without mixing

CP violation in the interference between mixing and decay
to a state accessible in both B® and anti-B° decays

For example: a CP eigenstate fq like T 7t~ or J/y K

0 Ap |
. \ fep
5210y A
€ - A
BO D
Decay rate asymmetry ; _
a, =-Im(A)sin(Amz) IfIr =

For J/y K¢ |m@) :SiﬂZﬂ




CP Violation in B decays to CP
eigenstates f,

: § [ sin2d, =+ 0.7
.6
+
.5 gﬁ )
2 \' 02
Q ] \ I
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04 L 2 0.2
|
L |m 0.4
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o, 6
B . s b L L e Lo Lo Lo B L 1
0 jomh— = ia do 8 6 40 -2 {1,-' 2 Il

‘ AC ()_F(B (t) _)fCP) F(Bo(t) _)fCP) SiHZQSinAth
B )~ /o) + B0 1)

~ 21 for CP=+1
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o [e+e' — Hadrons)(nb)

B meson production at Y(4s)

25 L e e B L L B AL B
LR Yas) Y States = |
S (bb) resonances |
15 - | ]
] =+ Y(28) '
o } ]‘. s Y(3S)
S fy R
sL gfi- 't g Y (4S) Energy Scan
-t ted R WPt .
0 TR S T I T N { T T TR A N N1 T N T TR T SO T I T 1 TR R
944 946  10.00 10.02 10.34 10.37 10.54

Mass ( GeV/c’ )

Cross Sections at Y(4S):

bb~1.1nb
cc~1.3nb M
dd, ss ~0.3 nb —
ut ~1.4 nb e'e > Y(45)—> BB

L =1 state

Big advantage: low background



The KEKB Collider

Belle detector
SCC RF(ER)‘ == 2 \as 8 x 3.5 GeV |
- Y 22mrad crossing angle

World record:
L=2.1 x1034/cm?2/sec

ARES(LER)- L .

»\ Ares RF cavit

Qe — et source

>,




Principle of measurement

+

. — s Fully reconstruct decay
B ot;\IB i - _ _:>to CP eigenstate

B.. I n
D C P...l,K ........ <ﬂ:+ = B Tag flavor
I el feeee——— | 7 1 of other B
= ey — /’ K from

~ 9: At=Az/BycC e nan e charges
determined«l=-=--=-==-"1 Salaiale | . of typical
BC(BY) _ U decay

Determine time between decays products
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Belle spectrometer at KEK-B

u and K; detection system

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter

(n=1.015-1.030)

Silicon Vertex De
(4 layers DSSD

Electromag. Cal.

_ S LINE (CsI crystals, 16X,)
’ e Central Drift Chamber

(small cells, He/C,Hy)

ToF counter
1.5T SC solenoid

+ an extremely well operating KEK-B collider -
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CP violation in the B system

CP violation in B system:
from the discovery
(2001) to a precision
measurement (2006)

sin2¢,/sin2p3 from b->ccs
transitions

535 M BB pairs

Entries /0.5 ps

Asymmetry

[ B — JiyK®

BO tag
BO tag

sin2¢,= 0.642 £0.031 (stat) £0.017 (syst)
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All measurements combined...

e LA R —
0.6 % v Am, y_-
- 0.4 %

03 EK
Probability for a b quark P
to turn into a u quark > CP asymrga
determines the length of amplitude
the side V,;,

Constraints from measurements of angles af -

»un

- Remar
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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 (Ags) 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
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Luminosity at B factories
(fb™)

2000 ———

——KEKB 1 : >1ab’
On resonance:
Y(5S): 121 b}
Y(4S): 711 fb~!
Y(3S): 3t *
Y(2S): 24 ™!
Y(1S): 6 tb™!
Off reson./scan:
~100 fb!

T
1

~ 550 fb™!

| On resonance:
1 Y(4S): 433 !
| Y(3S):30

{ Y(2S): 14 b

i : | 1 Off resonance:
0 ] _g-"-"u’/_ . e e A e ~ 54 ﬂ)_l
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

200

Fantastic performance much beyond design values!




What next?

B factories = is SM with CKM 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 23



Power of ete, example:
Full Reconstruction Method

o 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 <: B>X, | v,

o e B>Kvv
(SGQVﬂg «—e+(3.5GeV) | B3Dev, v
Y(4 -
B / (3 full reconstruction
s B->Dr etc. (0.1~0.3%)

- Offline B meson beam!

Powerful tool for B decays with neutrinos

Peter Krizan, Ljubljana



Event candidate B- > 1t v,

Exp 33 Run 678 Farm ¢ Event 1707483
Eher Q.00 Eler 0.0C Mon Feb 8 17z55z46 2004

BEI I E TrglD ODetVer O MoglD 0 BField 150 DspVer 7.50
Ptot(c 0.0 FEtot{gm} 0.0 SVD—M DGCDC—M 0O KLM—M_ 0O

B—l— s D07_r+ W i
(— K wntn)

BT — ‘T(—> euD)U
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300———

H* Mass (GeV/c?)
2

Charged Higgs limits from B~ > 1t~ v,
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B—D®)tv
Semileptonic decay sensitive to charged Higgs

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

B(B — Dtv)
B(B — Dév)

1

R(D) =

" T.Miki, T.Mimuta and

Compared to B—1tv M.Tanaka:hep-ph 0109244.

1.Smaller theoretical uncertainty of R(D)

0.8

R(D)

For B—1v, >
There is O(10%) fs uncertainty from lattice QCD " 2
2.Large expected Br (Ulrich Nierste arXiv:0801.4938.) \//
B(B~ — D%~ 5,)5™ = (0.71£0.09)% . S e
B(B® — Dtr~i,)5M (0.66 + 0.08)% tan
B(B —tv)=[1.657 3 (star)*y (sysi)]x10™ i

3. Differential distributions can be used to discriminate W* and H*
4. Sensitive to different vertex B>t v: H-b-u, B>Dtv: H-b-c
(LHC experiments sensitive to H-b-t)



Exclusion plots for
tanp and H* mass
for 5ab-!tand 50ab-

H
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Fl

BF (B > D tv.)=(2.02 0% (stat ) £ 0.37(syst ) x 1072

B->D*tv — similar constraints on H*
[PRL 99, 191807 (2007)]

RST OBSERVATION - 2007 ==

N /5 MeV/c?
S

combinatorial
background

[
L3y
T TT

[£]
(=]
T TT

255
205
155
o

A

SIGNAL YIELD N,=60 *3 6.7c (5.20 with syst.)

Miu = (&, _EDE’} _Efmf - (_f;'mg_ﬁpm _ﬁm)!

60

sof | M2s -- DATA

M signal
0 W bckgr.
30

20

10

0

1 0 1 2 3 4 5

. -,
= |
1 Y Y II‘\'A Ll E ?
2 521 5.7{ O M. [Gevzfc4]
M:% [GeVicT]

| Lol 3 '-I“I |"'

Ll lodekd=F 1"
524 5.25 5.26 5.27

peaking background
(D*ev)
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B -K®vy

arXiv:1002.5012

B—Kvv, B~ 4-1076 WE L
B—K*vv, B~ 6.8:10°6 Sy My
Fla= 03 |
= :
SM: penguin+box sl
Look for departure from the N
expected value =2 Sl |
information on couplings Cv, o2 |
and Cv, compared to (Cv ) 03 |
Again: fully reconstruct one 4,50 n yoeos| @ I
of the B mesons, look for | e
signal (+nothing else) in the arXiv:100é.iS4i |

rest of the event.

not possible @ LHCb L N B S



CP violation in B>Kr0

CP violation in B>K¢r% decays:
Search for right-handed currents

B—K*, B~ 4.0-10-3

dS ~0.2 (present)
- ~a few % at 50 ab!

not possible @ LHCb

0 HFAG
K V C + Winter 2009
sT ¥ SCP > LCopiimes

/

| BaBal\
| Belle

| Average
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Search for new physics in FCNC decays

Flavour changing neutral current (FCNC) processes (like
b—>s, b>d) are fobidden at the tree level in the Standard
Model. Proceed only at low rate via higher-order loop
diagrams. Ideal place to search for new physics.

VIZe

Peter Krizan, Ljubljana



How can New Physics contribute to b—>s?

For example in the process:

BO N U,KO
N Ordinary penguin diagram with
7 W _ a t quark in the loop
S /
Ji
S
B° t 9 & ¢ O
d g .

s
0 5. o S
Diagram with g %‘<

supersymmetric particles

Peter Krizan, Ljubljana



Searching for new physics phases in CP
violation measurements in b—>s decays

Prediction in SM: CP violation parameter

B° - n'kK° a, =—Im(A, )sin(Amr)
W+
b S Im(4,) =&, sin 24,
B° t 9 W
. K?  The same value as in the
d d decay B® > J/y K¢!

This is only true if there are no other particles in the loop! In
general the parameter can assume a different value sin2¢, &

Peter Krizan, Ljubljana



Search for NP: b—sqgq

sin(2p° ) = sin( 2(])1 )&

...................................

UUUUU

0.33+0.35+0.08

PRELIMINARY

b—ccs® World Averfage 0.68 +0.03

. BaBar 0.12+0.31+0.10

X Belle _ 0.50+0.21 £0.06

= Average 0.39+0.18

o BaBar ' 0.55+0.11 +0.02

< Belle : 0.64+0.10 £ 0.04

& Average b 0.59 +0.08

¥  BaBar | : 0.66 +0.26 + 0.08

v Belle : 0.30+ 0.32+0.08

........ x‘“Average 0514021
G&‘fLﬂgpeng ui n

0.33x0.21

?’I\_'-E -------- O« -‘I‘,}a-'_‘—‘_v-’-‘éé-.
y ~v 0 @ZRB

................................

0.62 055 +0.02

N4 Belle ! 0.11 + 0.46 + 0.07
3 Average : 0.48 +0.24
- . BaBar R e 0624023
550 Belle : : 0.18+0.23 +0.11
o Average : : . 0.42+0.17
X BaBak—————— A -0.8440.71+0.08
o AveRge—d—— i | 1 0.84£0.71
& % BaBar Q2B ; p41+018+007+011
v Belle : : ' 0.68+0.15+0.03 07
i, Average : 0.58 +0.13 *0:3
-2 -1 0 1 2

BaBar
Belle
Naive average

0.26+0.25+0.04

0.25,
0.67x 2°%0.07

0.45+0.18

ICHEPOS8

N

0.57+0.08+0.02
0.64+0.10+0.04

0.60+0.07

0.71+0.24+0.04
0.30+0.32+0.08

0.57+0.20

Need much more data
to clarify the issue
—>Super B factory



Another FCNC decay: B > K" |+ I

—>
ud U0d

b > s I*I- was first measured in B > K I*I- by Belle (2001).
Important for further searches for the physics beyond SM

Particularly sensitive: backward-forward asymmetry in K* |71

Apy o ER|:C1*O gesd (S)‘H’(S)C?)]

C : Wilson coefficients, abs. value of C, from b—>sy
s=lepton pair mass squared



Forward-Backward Asymmetry

Ars(B>K* I* I)[q?]

Arg

+ DEtE {E 1 _I T T T I T T T T T T T T I T T T T I T T T ]

- i . MC, 50 ab’ 1
- Ex. of Super-symmetric | SuperB F5IM B—¥ 'l at 50 ab ]

- particles being produced [ ]

3 - I + ]

i . + g
;wf‘fﬁ :
_0.4 E e o by s e e e b o by b by L e 1w - __ __
"0 2 4 6 g8 10 12 14 16 18 20 B .
q%(GeV2/c?) a0 | | | | E

B i ﬂ 1 1 1 1 5 1 1 1 1 1“ 1 15 .2‘] 1 25

Invariant mass of lepton pair & eVt

Data: very interesting!

Zero-crossing ¢ for A will be
determined with a 5% error with 50ab.

Strong competition from LHCb and ATLAS/CMS
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A difference in the direct violation of
CP symmetry in B and B° decays

CP asymmetry
a4 - N(B - f)-N(B - f)
" NB > f)+N(B - f)

LETTERS

Difference in direct charge-parity violation between
charged and neutral B meson decays

Difference between B+ and B° decays
In SM expect /leﬁﬁ ~ A PR

750 F

500 F

Measure: z
A s = —0.094+0.018+0.008 250 F
A oEx iz

K

.o =+0.07£0.03+0.01

300 F

200 |

100

A problem for a SM explanation :
(in particular when combined with other "

I R |
5.2 5.25 5.2 5.25

measurements) s
- - - ~ H 5 N -
A hint for new sources of CP violation? 1in 10> B mesons decays in this

GeCaY MO0E e, et 52, 232 o)




D® mixing in K*K", n*n"

DO - KK/ mntm

CP even final state; |D1'2> - p‘DO> + q‘50>

4

in the limit of no CPV: CP|D,> = |D>
= measure 1/,

ok
=

(K'7")
7(KK™)

1:yCOS¢—%AMxSinq0=

—
=

Events per IMeV/c’
o

Ay, ¢: CPV in mixing and interference

Signal: D% » K*K-/ n*r from D
M, Q, o, selection optimized in MC
K*+K- Krt* ntn
Ng, 111x103 1.22x10® 49x103 10
purity  98% 99% 92%

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

Events per 0.1MeV
o

[ =]
TTT T T T TTIT10

(@)

Y srtE

1.82 184 186 1.8

1.9

M (GeV/c)
(d) B SE K

0

0.005

0.015 0.02

q (GeV)

0.01
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4000

f. (Ts)

2000

Vep = (1.31+ 0.32 £ 0.25) %

ez
E @)
%% 8 =]
S e
+_u +—n
. B v
1 ¢_.K|m
= X ©
+ [T 1T TR lunray 4 m
n 50 40 30 =] _Um_ e b b b by by
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e I - &
(@) (- ..AUU
A O g S
N _ O
C (7)) =
O 0
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S | == = %
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—2Ycp IS on the high side of SM expectations

iXing

dence for D% mi

(regardless of possible CPV)
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CPV in DY system
example DY — K*K

t-dependent method

I - Snkd - Aé” yCOSgp—(l—A—ZD)xSingozATMyCOSgo—xSingp

ZTKK +TKK 5
0.33%
ol = +(0.06% |* _ ]

t-integrated method

'(D° > KK)-T(D° > KK) 4 . A
b= ( O_) ) (_O_) ) D+ xsing——2 ycosg
(D’ - KK)+T(D° > KK) 2 2

2
0.32%
o2 {JWSZ} +[0.06%)]
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Illustrative expected sensitivities
CPV parameters

Belle II, 50 ab!

FPCP 2010 20

x =(0.832+0.095)%
y = (0.81340.064)%
5. =24.6°+£4.9°

R, = (0.336+0.003)%
la|
|
@ = —0.004+0.049 rad
A, =(~0.1£0.8)%

Arg(q/p) [deg.]

=0.894+0.054

only KK/zn, Kn and K 80

illl' !II|III| III|III|

projected sensitivities are “02 04 06 08 1 12 14 16 18
included

la/p]
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B Physics @ Y (4S)

Charm mixing and CP

Mode Observable  Y(45) ¥ (3770)

(75 ab™l) (300 h

3% 107"

71074

5x107*

4.9 » 107!

3.5 %1074

3% 1072
20

D' —K*r~ ?

D' —KtK~
D' — Kiag+a—

(1-2) x 1077
(1-2) x 1072

cos § (0.01—0.02)

Charm FCNC

Sensitivity

QObservable B Factories (2 ab™') SuperB (75 sb™h)
Observable B Factories (2 ab™!)  SuperB (75 ab™%) | V.| {exclusive) A% (*) 1.0% (#)
sin(29) (J/ K?) 0.018 0.005 (1) |Va| {inclusive) 1% (%) 0.5% (*)
cos(273) (J/v K*0) 0.30 0.05 | Vis| {exclusive) 8% () 3.0% (+)
sin(24) (DY) 0.10 0.02 |Vis| (inclusive) 8% (%) 2.0% (%)
cos{24d) (D&R") 0.20 0.04
S(Jfa) 0.10 0.02 B(B — 1) 20% 4% (1)
S(DTD7) 0.20 0.03 B(B — pv) visible 5%
S(gK®) 0.13 0.02 {+) B(B — Drv) 10% 2%
S K" 0.05 0.01 (#)
S(E KK 0.15 0.02 (#)
S(K°%%) 0.15 0.02 (%) B(E — ) L5% 3% (1)
S(w kD) 0.17 0.03 (%) B(E —wy) 30% 5%
SULED) 012 0.02 (+) Acp(B — K*) 0.007 (1) 0.004 (1 %)
Acp(B — p7) ~ 020 0.05
7 (B — DE, D — CP cigenstaies) ~ 15° 2.5° Acplb— s7) 0.012 (1) 0.004 (1)
+ (B — DK, D — suppressed states) ~ 12 2.0° Acp(b— (s +d)v) 0.03 0.006 (1)
7 (B — DK, D — multibody states) ~ 00 1.5° S{EJx"y) 0.15 0.02 (%)
¥ (B — DK, combi.‘ﬂed) ~ B6° 1-2° S(pn’}«) possible D.10
2] (B — TI'TI') ~ 16° 3e AC‘P(B — K*ge) 7% l%
@ (B — pp) ~ 7: ]_—2"u (*) AFB(B . K*ff)sn 25, 9%,
«(B A,‘p'fr) ~ 12o 20 AFB(B — X 88)s, 25%, 5%,
@ {combined) ~6 E2 () B(B — Kivw) visible 20%
20+ (DWErF, DR 20° 5 BLE > mvo) - possible
t Physics Sensitivity B, Physics @ Y (5S)
; _9 Observable Error with 1 ab™'  Error with 30 ab™
B(T - }'—VT) 2 x 10 AT 0.16 ps 0.03 ps !
i —9 r 0.07 ps* 0.01 ps*
% ) 2
B(T € "} ) X 10 s from angular analysis 20° 8°
10 AS 0.006 0.004
B(r — 2 x 10~ S
( "Jl 'u, P‘l) Ach 0.004 0.004
B(T — 666) 2 x 10719 B(B, — ptp”) - < 8x107°
10 |Via/ Vis| 0.08 0.017
B(r — un) 1 x 10~ B(B, - +7) 38% %
B from J/ e 10° 3¢
—10 _
B (T — 6?’;') 6 x 10 B, from B, — KOK® 24° 11°
B(r = ¢K)) 2x1071°

1x1078
2 x 1078
3x1078
3x1078
1x10°%

DY 5 ete,
DY = et

DY ne+e
DY I&’Se"'

Dt = ghet

DY - pp”
DD s TTDF"+“_

: D” — nutp

e”, D* — Koutpu~

e, Dt — atptus

1x1078
1x10°8
2 %1078
3 %1078
3 x107%

Db - etpt
ek F
Dei;ﬁ:

D° = petpt

DY Koetu™

tet 1x10°®
1x10°8

1x1078

Dt wnetet, D" - K e
DY e utpt, DY 5> K ptp®
Dt s a—etut, DY - K—etp™

M. Giorgi, ICHEP2010



LFV and New Physics

Dy S 3 —
0 " H05)
AW i
2
m SUSY + Seasa\(/\r/]n s B Neutral Higgs mediated decay.
W Large LFV Br(t>uy)=0(10-7~9) B Important when Msusy >> EW scale.
Br(r —> 3u) =
Br(t = uy)810° x[<m52)32 ][1T6Vj tan® g 41077 X[(mi )32 ](tan ,BT [10()G(2Vj4
m; Mgysy n_ii 60 m,
model Br(t—uy) Br(z—lll)
mSUGRA+seesaw 107 10-°
SUSY+S0(10) 108 10-10
SM+seesaw 10-° 10-10
Non-Universal Z’ 10-° 108
SUSY+Higgs 10-10 10”7

bljana



Rare t decays

LF violating Tt decay?

-5
Upper limits
® T—UY
m TUN
-6 A TOUUP
B factories
Belle, BaBar)
-7
mSUGRA +Seesau\)
SUSY+SO(10)
-8
SM +seesaw
SUSY+Higgs Super ctory
-9
3 )
10 {10

Integ. Lum ( ab-" )
—

Super B factories

)

Reach of B factories

Branching Fatic

Theoretical predictions compared
to present experimental limits

SU3)Evg , Non-degenerate (I)

ng=4x10" GV tan p =30
10-12
10-14
10-16 .
0 500 1000 1500 2000 2500 3000
mi [ ) [ GeV]

T.Goto et al., 2007

Peter Krizan, Ljubljana



Physics with 50ab! / 75ab!

—>Two recent publications:
e Physics at Super B Factory (Belle II authors + guests)
> arXiv:1002.5012

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

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->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).

There are many more topics: CPV in charm, new hadrons, ...

Peter Krizan, Ljubljana



Super B Factory Motivation 2

Lessons from history: the top quark

Physics of top quark b yot~N  d Ve Vo V,
First estimate of mass: BB mixing > ARGUS _

. . . w- dwt VeV Ve Vo
Direct production, Mass, width etc. - CDF/D0O 3 - -
Off-diagonal couplings, phase - BaBar/Belle & @ Ve Vs

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

Peter Krizan, Ljubljana



Accellerator

Peter Krizan, Ljubljana



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

Peak Luminosity Trends (e'e” collider) SuperKEKB
10 40 times higher ol
5 luminosity KEKB
-IDM- e

Luminosity
=
%

=
e

104 L

|
1970 1580 1950 2000 200 2020
ana
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The KEKB Collider & Belle Detector

-e (8 GeV) on e*(3.5 GeV)

Belle detector *Vs & My(as)
* Lorentz boost: By=0.425

- 22 mrad crossing angle
- Operating since 1999

Peak luminosity (WR!) :
%ﬁw 2.1 x 1034 cm-2s-1

ARES(LER) gL =2x design value
' Ares RF cavity

SCC RF(HER)

ek

Q@ — et source , .
1 € First physics run on June 2, 1999

Last physics run on June 30, 2010
Lpeak = 2.1x10%%/cm?/s
L > 1lab’l

Peter Krizan, Ljubljana



The last beam abort of KEKB on June 30, 2010

2\ = =
- e eme—
4 = " B
| I {
= =
.Y ®
| - . - M - e -
Y <ty 3 - ! | N = .
"
+ L - v ¥ 2,
\ \ > g :
v M) -

LB rucm |

- Can start construction of SuperKEKB and Belle 11

Peter Krizan, Ljubljana 53



Super
Strategies for increasing luminosity ) JKEXB,

Beam-beam parameter
Lorentz Beam current

factor \

~ y o \I.E*\R ) Lumi. reduction factor
ex y exDy L ]
L= 1+ — m d (crossing angle)&
er, O, y R;c_‘, . 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 B,* < 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
Machine design parameters @ﬂ

KEKB
parameters ER JER
Beam energy Eb 3.5 8
Half crossing angle ¢ 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 Cy 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 LER short lifetime

M. Iwasaki, ICHEP2010



Super
KEKB

uest for BSM

Belle II .
Colliding bunches

New IR X
N ~

New superconducting
/permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

' H%Fﬂﬁ#ﬁ '
FHHHAE T ovenaee

Redesign the lattices of HER & Damping ring ” ~—a :

LER to squeeze the emittance 'l : ' ‘

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

electrons to inject

LI I R
Add / modify RF systems | . sat= !
for higher beam current =

Positron source

New positron target /
capture section

[NEG Pump]




How to do it? (2) SuperB
- Construct a new tunnel at LN
—->Move magnets from PEP-II
—>Move BaBar, upgrade

LaE IAL ==

Tl
=
Q)
v
Q)
Q)
r,

EMC
6580 CsI(TI) crystals

e*(3.1GeV)
/

DIRC (PID)
144 quartz bars
11000 PMs ]

e (9GeV)
T

* | .Drift Chamber
b 40 layers

Silicon Vertex Tracker

mstrumented Flux Return) == 5 layers, double sided strips

iron / RPCs (muon / neutral hadrons)

High Energy Ring
Eupgra'g; of existing ring)

Both Rings Housed in Current PEP Tunnel

\'\
[ ] RF bulldings
|:| Coollng Towers

[ IKiystron PS
[] collider hall




Detector

Peter Krizan, Ljubljana



D :
< Requirements for the Belle II detector

Belle IT

B6 Event

ExpMC 2 Exp 25 Run 1
Eher 8.00 Eler 3.50 Date 1031120 Time 90351

B EL LE TrglD ODetVer 1 MagiD 21 BFleld 1,50 DspVer 7.50
Plot(ch) 0.0 Etot(gm) 0.0 SVD-M 0CDC—M 2KLM-M O

Critical issues at L= 8 x 103%/cm?2/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 u identification < spu 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.

b

L Péter"Kriian, Ljubljans




Belle IT in comparison with Belle

1 | 2 | 2 | 4 | 5 | g | 7 | B | 9 | 10 | 11 | 12z

Be”e Il SIDE VIEW

Super conducting coil
8 i '
[=1=]
2:41(_'§LI"L\':“!;;":‘Q“"‘"T“.?‘Q"“"*\‘,N S dtng .
— Cslises’ ~/ ~ i
Barfel PID 1 # 1 7> i
° | r =T
2 [ fte
B PXD( layers) oz |52
) ayers _u,_,_x__:___.._-_-_-'_ il =
310 570 / =
D iy isi _ 280
) - e:Fhajl cen cﬂ;nber = 8
§ Qcs| 2 — il |acs E g
1 .\ _ _ _ _ [+ e, = o o — i _ _

T 1
|—=_—,':l |I".II SVD S \—‘ g }'
e — T g—' \IP Chamber : i

=r==="1 [P

435(Cryostat)| B0O(Cryostat)

— A | cpc

|
P B
F By . r’((\‘{\ i, /Z« ({Z
e, '\ T
¢ I

A1250

o R

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs IE[

CDC: small cell, long lever arm Belle

1 L
HHHH HAAHAHAHFAAA / I 208 ”\\ NS R -~: H
— S L L L L ARRERRERRR RS P 4>«- LA AL g
> e B | X
G I
e~
i
"»LI'M !
S s

ACC+TOF = TOP+A-RICH = Il C

X

Bellz &
lls-li{Nano beam option)

ECL: waveform sampling, pure Csl for end-caps Parameters are preliminary =mge [=.m

KLM: RPC > Scintillator +SiPM (end-caps) E " " Y. Ushiroda, ICHEP2010




DEPFET:

DEpleted P-channel FET

Beam Pipe
DEPFET

DSSD

Layer 1
Layer 2

Layer 3
Layer 4
Layer 5
Layer 6

FET gate amplifier

I‘ — 10mm p*s:;u,.“ET mC:I:angute p}’_ﬁf
r=14mm

r=22mm

r= 38mm

r= 80mm
r=115mm ‘_[_
r=140mm P J_ﬂ

] ‘e@

A prototype ladder using the first 6
inch DSSD from Hamamatsu has
been assembled and tested.
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D

Do

Belle IT
Significant improvement in IP resolution!

Expected performance ,_,.—?

ppsin’ @

\ﬁl:r::act parameter resolution d0_ | E \::T::ad parameter resolution z0 | Pixel detector close
~ T o \\ Less Coulomb 3l e po to the beam pipe
£ SN scatterings 'B' 5 1
S ¢ X § [\ Belelr

) N i
o SN ? \x\\,c elle IT
\ \ \\ . N
- *i\_'.\ - o M —

10 TEe =S =~ — '__*L_;_;__;;::: R

T e e e 10 S, e

0 0.5 1 15 2 25 a/? (]IH‘0.5“‘“II‘“1.5IIH2IH‘2.5HH3H
pB*sin(8)™" [GeVi/c] pB*sin(G)m [GeVic]

0 1.0 2.0 0 1.0 2.0
ppsin(8)2 [GeV/c] ppssin(0)>[GeV/c]
Y S

Significant improvement in 85( Ksn%)

| z —=> IP profile

....
....A

Y

B decay point reconstruction
with K trajectory

@, 250MBB

@ 535MBB

-1
10" - /

Larger radial
coverage of SVD

L
10! 1 10

L(ab™)

rcuwct nizdail, |__|U|J|jana
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Particle Identification Devices! tdcap PID: Aerogel RICH (ARICH)

—| Barrel PID: Time of Propagation Counter (TOP)

MCE-BRAT &?@nﬁ'@m;
I

@wmd
Aerogel radiator

Small expansion block n~1.05

Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
+ new ASIC

‘)—z \Fz \.&{'.\\:..-".\
] P

Fonward
Focusing mirror

5 55 5555 55 5

Quartz radiator

% \ \ | i i 7 7 77 7 7 F, 7 7

S

777min. / B00max. 1590
1650

1000

L aylinder] \ TOF =upport brackst \ TOP QBB{Quartz bar box) ﬁ / I 1

cDC
IDS{Inner detector support) and COC-SC{Suppornt cylindsr):t

Peter Krizan, Ljubljana




Barrel PID: Time of propagation (TOP) counter

y

Linear-array type z )kx

photon detector

e Cherenkov ring imaging with

e Reconstruct angle from two 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

Quartz bar

Array of

fast PMT's

O s 0 510 J‘Ksn
X (cm)

Peter Krizan, Ljubljana



e (Quartz radiator

— 2.6mt x 45cmW x 2cmT

— Excellent surface accuracy

e MCP-PMT

— Hamamatsu 16ch MCP-PMT

e Good TTS (<35ps) & enough lifetime
e Multialkali photo-cathode - SBA

e Beam test in 2009

— # of photons consistent

— Time resolution OK

012~ HH-HH beam data

simulation data

# of photons

2501

150

100

200

50

900

220

240

TOP (Barrel PID)

260

280

2I‘l

300 320 340

[1count/25ps]

150 —
100—

50—

Yoo’

1 st
2n
IR PO S Y T m\w\-ijwuu\_wu
320 340 360 380 400 420 440
[1count/25ps]

Peter Krizan, Ljubljana



Aerogel RICH (endcap PID)

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

Cherenkov angle distribution

BG / track : 2.00 +- 0.03

’ . £ 3 _—m Entries 64801
Hamamatsu HAPD i -1 s i
Q.E. ~33% (recent good ones) g Emme i
G000 = sigma 0.01.349 ;;.t;uno?
4000 s ; -
E # of tracks : 2700
RICH with a novel S ‘Li?::‘;?:;::i";’f;;*;.";fc."f|

2000

[ e WEE S B ] BT e | PTTE PR R
Do 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

“focusing” radiator —
a two layer radiator

v

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

refractive indices

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

- stack two tiles with different refractive

normal indices: “focusing” configuration
I"I1= n2 n1< n2
I /
> ) —<< >
\\ \\

—> focusing radiator




Photon detector for the
beam test

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

~~A~nr~r~anteatkArve




Cherenkov ring with SiPMs

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

NIM A594 (2008) 13

Peter Krizan, Ljubljana



Status of the project

Peter Krizan, Ljubljana



13 countries/regions, 54 institutes

Ocean

300 collaborators,
>100 from Europe

Peter Krizan, Ljubljana 71




D
o] SuperKEKB/Belle II funding Status

Belle I
KEKB upgrade has been approved

e 5.8 oku yen (~MUSD) for Damping Ring (FY2010)

e 100 oku YEN for machine -- Very Advanced Research
Support Program (FY2010-2012)

Continue efforts to obtain additional funds to complete
construction as scheduled.

Seve ra I non _Ja pa nese fu nd i ng KEKB upgrade plan has been approved
agencies have already allocated PO
sizable funds for the upgrade.

- construction started!

opyright(c) 2010, HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION, KEK | profficegkok jp | Copyright | Send Cuastion
. !



Construction Schedule of SuperKEKB/Belle 1

FY2010

e+ new matching & L-band acc.

FY2009

Linac

FY2011

FY2012 FY2013 FY2014

RF-gun & laser system

“ | e+ beam commissioning >

A1 gallery
extension

_ move
| Design study /| Commissioning at test stand to Al
| e- beam commissioning >
Damping Ring Facilities] __ Tunnel construction >
Building DR >
Componen A construction commissioning
Mass Fabrication > | Installation >
Main Rlng Facilitied Building construction >
Componen i MR >
Mass Fabrication commissioning
| Installation >
BEAST I1
Belle IT Detector Ad-hoc detector for MR commissioning

Mass Production

Construction >

Belle roll-out
in Dec. 2010

Installation (E-cap)

Installation >

(Barrel)
Cosmic Ray|Test

| Installation (KLM)

Ready to Roll-in
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Luminosity upgrade projection

70
60— . A
: Milestone of SuperKEKB
2 - Plan: reach 50 ab-’
é aof- 9 month/year in 2020~2021
3% a0 20 days/month
3L -
S 20
i) -
= 10
: | | 5 ab-' in 2016
35 — — —
2110 8__ Commissioning starts
S~ 6 mid of 2014
EL [
3 g 4_ Shutdown
€~ 20 forupgrade
o .. e s
2810 2012 2014 2016 2018 2020 2022

Year
Peter Krizan, Ljubljana



Summary

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

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

SuperB in Frascati: build a new tunnel, reuse (+ugrade) PEP-II and
BaBar, waiting for approval

Physics reach updates available

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

Peter Krizan, Ljubljana



