Super KEKB

Masashi Hazumi (KEK)

An executive summary to explain SWI1H:

. What is Super KEKB ?

° When will Super KEKB start ?
. Who are we ?

. Where do we stand ?

° Why do we need Super KEKB ?
How is Super KEKB designed ?
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| What 1S Super KEKB ?

. A h1gh lumrnosrty upgrade of the exrstmg
KEKB Collider and the Belle Detector.

£ Target lmrnsr of 1035 cm2s”! (x 20 as large
as the present level) which 1s qurte feasible !

* Physics programs complementary and competitive
to hadron experiments.

— Final states with neutrals.
— Inclusive measurements.
— Direct CP Violation in many modes.
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When will Super KEKB start ?

e Commissioning 1n 2006
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When will Super KEKB start ?

With Super KEKB

e Commissioning in 2006
2 t+—* Running in 2006-2009

» Integrated luminosity /year > 1000 fb! /

% |« Integrated luminosity by 2009 > 3000 fb-! (3 ab"!)

— Number of BB pairs > 3 x 10° /
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Who are we ? Where do we stand ?

“Expression of Interest” (Eol) with more than
200 people_ from 42 1nstitutions.
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Eol will be available as a hep-ex article soon.
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Whv do we need Super KEKB ?

Ideal place to study flavor physics beyond the SM.
— New amplitudes (mostly FCNC)
— New CP violating phases v B> v

E mmm v Bg

Final states with neutrals (v, 7%, % K;, @)
— B’ — Dzv, IV(p, K*vv
— B’— ¢Ks, n’Ks (for new CP violating phases)
— B> 270 (for precise measurement of sin2¢,) ¢

— B> v
Inclusive measurements R b adtitant |
— bo>slHl-b— sy b—>dy

P

-
*
-

E i [ PR TN T AN R R T
51 5.125 5.15 5.1756 5.2 5.225 5.25 5.275 52‘3
GeV/c

Direct CP violation in many modes = CPV factory !

3000fb! enough for many cases. Important to achieve it as early
as possible.

If SUSY 1s discovered at LHC, our target will be clearer
— SUSY flavor problem
— SUSY CP problem
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Example: B—D v, Charged Higgs at tree level

i ; - Large Br of O(1)%
" = - Uncertainty in form factor cancels.
I:_N "'-;f’ - N N
s, - 1 polarization: exp. challenge
iV exchange It 1 | ; 2 ]
L_ ., T.Miura and M.Tanaka
s ESad |I ‘t.'l'.!-l— 1
m_b an e eotf Y 1
b o 7 I| I
= L !
% B Zus- M e
g T E i I"//;.'-' ’;*_%E:,_a::‘_f_ o
S "““---_,__.L 3',_. :_| - ::!ﬁ‘_-.-" _{i':':x:”: - gt
—— q:::;_ '12 -___.-_j'{':‘-. ‘.“%_"‘1_& o _:: qridil
charged Higge excharge tenfelo e et
- &
Need >1000fh TN
100 e 200

M (GeV)
Full reconstruction technique (eff ~ 0.2%) will be used.
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Example: Search for new CP-violating phases (9np)

CP cigenstates at Belle as of July 2001

e For SinZ(I)l analysis sin2¢l = 0.99 £0.14 +0.06
candidates purity int. lumi. Combined
JwKs(—mr) |45Tev. | 97% |29.1fb! 1{
Other (cc) Ks | 290ev. | 84% |29.11 | °f AN
WK, 569ev. |61% |29 |F T
’ T ﬁt{DDS) * °

* “Rare” decays

engul Tree

¢ (—-K*K~) Ks 10ev. |80% |21.3fb" | b —> sss (uus)

n’ Ks 26ev. | 63% |10.4fb" | b — suu, sdd uus
D*D(¥% 27ev. 82% |21.3tb' | b— ucd, ccd
Ks 7° 12ev.  |67% |104fb" | b—>dds,  uus, dds
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Expected CP Reach for ¢,

2001

 Acp(Ks)

We can reach the S ' /
level of hadronic %
uncertainties. S
=
W
Hadronic uncertainties in 1

new phase measurements —
Grossman, Isidori, Worah (1998),
London and Soni (1997)

2
10

Hadronic uncertainties in __—»
sin2¢ 1 measurements

10

sin29,

total error

stat. error

sys. error
—

10"

2005 2009

Acp(oK

Integr;';ted luminosity %b” )
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Goals of Rare B Decay Program

1) Discover / Establish “Direct” CPV
2) Precise Measurements of CKM elements :
— angles and lengths

3) Beyond SM
B— ntm, pw
ﬁ_) ;t)lv V..V, ViVs  fr: B> Iv
> Ys (B— py)
B"— DpK'/ 05 ) > n’°Ks, OKs
B— nn/Kn " TN ()
V.V, B! - D*D®-(K)
B— 3 body

B? —» D®-[*v, dileptons

EM/EW Penguin : B— K y, B>KI'F
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Sensitivity Comparisons

Table 2.1: Summary of the estimated precision of CP-violating amplitudes in the proper-time distribu-
tions at KEKB/Belle, Super KERB and planned experiments at LHC, The colurnn labeled by “NP—Sh"
is the maximum deviation from the SM prediction due to an effect of New Physics {NP). Ttems marked
with “x” cannot be measured at the experiment in question. No information is available for the blank

pritries.
Decay mode Theory KEKB | Super KEKB LHC |
SM NP-SM | {0.3ab™") (3ab~1) LHCb | ATLAS | CMS |
J/Kg ete. sim 2h ~ (.1 (0.049 3.016 0.014 | 0.021 |0.025 |
$K g sin 2 ~ 1 0.44 0.14 |
n'Ks sin 2y ~1 0.24 0.076 |
TR sin 257/ - 0.19 0.060 0.056 | 010 | 0.17 |
770 ete. by — ! — 20° 7 x | 0x X |
Dt sin{2¢h + ) - 0.24 0.077
Ky ~ Mg /My ~ {6 0.77 (.24 X | X X
oy + wy ~ g [ 1my ~ {1.6 (.42 0.13 e X X
Decay mode Parameter KEKB | Super KEKB LHC
(0.3ab"1) | (3ab~') [[THCb | ATLAS | CMS
DK gy 14° 5° 19°
| ={p)ev 1 4.3% 1.4% 2 P b
inclusive lepton | Vs | 2.6% 0.8% X X X




How 1s Super KEKB designed ?

« Peak luminosity: 10”35 cm=s-! (10"9 BB pairs/year)
— Squeeze beam size at IP(By*) (6.5~7 = 3 mm)
— Squeeze bunch length (5~6 > 3 mm)

— Larger crossing angle (2x 11 2 2 x 15 mrad)

Evolution rather than Revolution

— Larger beam currents, overcoming photo-electron instability

KEKB » SuperKEKB
Beam Energy {(e—} 8.0 GeV = 35 GeV
e+ 3.5 GeV = 3.0 GeV 1]

NEED Energy upgrade for e + |

July 2001 KEKE desin Super KEKB
stored current {e-) 0. 8 A - 1.1 A= 100 A T
(e+) 0D.9A —» 2.6 A 3 0 A 1!
NEED Intens ity upgrade for e— e+ !
[ — E—— | ||
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Injection Linac

* Two options to achieve 8GeV positrons

— C-band option
— Recirculation option

21 2 40 MV/m

1.5-CGel
J-arc1 for e—
l-arc? for e+

1.0-Caeel
Camping
Ring

Fle+l=1.0 GeV
Qle+)=12nC

PF

ae- Gumn for PF
’ __"’

L{e—)=3.5 eV,
Qle-)=5 nC

e+ target 2

i | -d ¥ !-j  § AH _‘.
Ele+)=8.0 GV, . ——
Qle+)=1.2 n HER

o

w@rarget

LER

Fle—)=32.50GeV,
Qle-)=5 nC
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Belle Detector Performance

€ Silicon Vertex Detector (SVD)

€ Impact parameter resolution : 55um for p=1GeV/c at normal incidence

€ Central Drift Chamber (CDC)
®  (c,/Pt)? = (0.0019Pt) + (0.0034)> (Pt in GeV/c)2 S—

€ K/n separation with
@ dE/dxin CDC (Oggex=6.9%) oo o
€ TOF (crop= 95ps)
€ Acrogel Cerenkov (ACC) on

€ Efficiency = ~85%, N
Fake rate =~10% up to 3. SGeV/c

€ v, et with CslI crystals (ECL)- s
® G,/E~1.8% @ E=1GeV AR
& ¢ :cffic. > 90% w/ ~0.3% fake for p > 1 S

€ K, and p* with KLM (RPC chambers)hr"‘:} S 2
& i effic. > 90% with ~2% fake at p > 1GeV/e >

CDC:Drift Chamber

AGC:Hadron ID

TOF: Tlrne of Flight

" g ECLEM Calorimeter
e KLM:i /1 Detecto

— -_'_'_*-_;_ Superconducting
T e S —anlenold (1.5T)
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- Detector upgrade 1ssues

"\ . Component Upgrade requirements .
i I Vertex meas. c=100um—>30um, smaller radius pixel? d
yae Tracking Probably OK ;
Calorimetry Fake photons —» shorter shaping time? Y
I/ /K separation Various new ideas A
| ,;,- i ID RPC - wire chamber? “ A
’%ﬂ Electronics Fully pipelined digitizer
i / | DAQ %20 throughput
Computing X100 computing power
A . R v gl o BV AN ¥ IR Y I SRR -
| Present technologles are sufficient in most of the cases. §

However, we prefer to improve the performance as much as possible.
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Vertex Measurements

Better vertex resolution for background
rejection

— Beampipe radius of 1cm

— Rad. Hard ( ~7 MRad/year)

— Occupancy should be low enough.

DSSDs not possible for the innermost
layer = Pixel

. Typical configuration (r¢ view)
DSSDs should cover larger volume (in

radius) CHARGED PARTELE /7
' ' W @/YI\B‘%;;)/@
Pixel candidates S ==
4 T O~V
— Monolithic Active Pixel Sensor (MAPS) £ S e o ) (;’;ﬂe
. . g ‘(/ - //// rain source 095
— Hybrid pixel | S \[f/ 7 P,r 6. 2
o C CD E NWELL DIODE NMOS TRANSISTORS IN PWELL
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Particle Identification

o
{ TOP counter principle
b ° b ° Telarl =20 ps
d Rlng 1mag1ng fOr 1mprOVement trac| T SIORE L v ) e
. AqbyApp € 5x10" ’{5«5‘3 fff_g*ﬁiﬁé
« Two R&Ds ongoing ~ S
Particlo : it
. . Photon ?‘%’f’ = ESJ{&II 147
— Time-of-Propagation (TOP) detectors o [ kg g
e REa -'I+:-,:.I-- i W o (kL]
Counter .-f"‘f‘fl \ 3 IfWI.;lrE‘:; ] II pE i%;:c:as nal
o STzt 8
— Aerogel RICH (for endcap) i + TP
e
focussing mirror & photo-tube
[m".nr g : ey =08 mm ; dsoersion = 0L mm
PMT : T (TT3) — 75 ps, anode sze : 1 =15 mm . TOC : 25 pS Dinning
Barrel PID e
STk SN ST i S I. .. --'_P__-i_"_,.'-.
| 92 S o
CDC ] o .'E H:'_:-'-':,__-:__ﬂ i
e = R
— P -
\ T )
Aerogel radiator Fhotodetector
lem—2em)
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Summary

Super KEKB 1s a major upgrade of the KEKB collider and the Belle
detector.

Target luminosity is 10> cm2s-!, which is quite feasible.
Major upgrade in 2006. The experiment will start in a timely manner.
3 x 10° BB pairs (3000 fb-!) with 3 years of data taking.
Unique B physics programs to study “beyond the SM”
— Flavor problem and CP problem
Leading faciliy for charm and tau physics

Precision for bread-and-butter CPV measurements comparable to
hadron experiments.

Eol preparation just finished. Design work has just started. Your
participation is very very welcome.
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ACKUp Silaes

/
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SUSY scenario

Phase-1 Phase-2 Phase-3
"Discovery of "Precise test "Supersymmetric
CP in B system" of KM scheme" flavor physics”

» = »

30 fb” 300 fb’ > 3000 fb™

L=5x10°" 10% > 10

—— ]
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—— Schedule — an example —

IEUD1I DEID3|U4IDE DEIDTlﬂﬂlﬂgl

L=5x10" L=10* [ L=10"

3
o

Vacuum chamber 3

. L o

upgrade + energy switch LB

X 5 BSM?
construction E’ g Qr Very precise

g2 test of KM?
=S

Machine/detector
development

300" n—— 300 {0 e———— 3000 fi5’

e E——
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KEKB’s Special Features

« Small beam sizes = low beam currents
— 4.5x1033 with less than 1 Amp in each ring

« * 11 mrad beam crossing angle

22mrad

e+
o
— No strong bending magnets near the IR
— Fewer spent particles into Belle

— Synchrotron X-rays easily handled

E— ]
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Particle Identification

» Clear K/mt separation is essential to distinguish decays.

— DK/Dr
— Kn/nn/KK etc.

— K*y/py

 Belle use dE/dx + ToF + ACC

— Wide momentum coverage
— ACC: Aerogel Cherenkov

— Combined into likelihood;

PID(K) = — )

L(K) + L(m)

~1 for K
~Q fOI" T

e Calibration with D*" -D%%*, D% -K-nt*

dE/dx (CDC)

[ Bl AdE/dX ~7 %

TOF (only Barre!) NN AT ~100 ps (r = 125cm)

Barrel ACC

Endcap ACC

Efficiency

[EY

0.6

0.4

0.2

. [T n=1.010 [T028

- n=1.030 .
(‘only flavor tagging )
1 1 1 .

Il
I T T T T Ll

2 4
p (GeVic)

09 f
08 | |

o K track (eff.)

- 7 track (fake)

03}

\

01 ¢

r Y
F AAAAL‘ hhu

= 4
.o LA by e by by

“‘f‘ ¢ }
") ¢H++i+*”¢¢+u+++++++ ++ t

i
s AH*HHHA
| | |

0 05 1 15 2 25 3 35 4

P (GeV/c)
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S B> ity

Towards |V,

Important to check large sin2¢,

B'— wltv s
60
Missing mass recon. ok
30 E
2— 2 g
Mmiss Emlss ~ Pmiss fg :
<2 GeV OB.W 5125 515 5175 52 5225 525 5?//0%3
p;> 1.2 GeV 0 F _
+p_> 107 + 16 signals
p,+p,> 3.1 GeV ol g
20 i
Br=(1.28+0.2+0.26) « ; I U S S ST
X10_4 ? & i:-i_.:\; ‘\ 5‘_: - ! I“L:# |
511 5.1256 515 5175 b2 b.225 5.2b 5275 %3
e(trk/g rec.) GeVi ¢

E—l | |
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b — s Penguin = ¢, or ¢yp ?

Large Br for n’K, nK* (found by CLEO): confirmed

Br(!
Br(!

Bt ’K") = (79 |7 £ 9)x10-

Br(!

B0 11’K0) = (55 [}¢ + 8)x10

Larger than theoretical

-

Br(B*— ¢K") = (112727 +1.4)x10°
Br(B'— ¢K%) = (8.9 37 +1.0)x10

30— nK*0) = (21.2 ;7 £2.0)x10-6

>

| expectation

J

Time dependent CPV : ¢, or New phase/Physics
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New phases.in b s.(d .

M. Ciuchini, et al. “Gold-plated modes™ are ¢ Ks and 77'Ks

TABLE 1. CF phases for B decays. diny denotes the decay phase in the SM; for each channel. when two amplitudes with

+J1tfm:nt weak phases are present, one is given in the first row, the other in the last one. and the ratio of the two in the reyy column,
diysy denotes the phase of the SUSY amplitude, and the ratio of the SUSY to 5M contributions is given in the risp and rayy
columns for the comesponding SUSY masses.

Incl. Excl. d"%}!rl THA d"éjiljg"r' T8 T 5u)

b — cFs B— J/ Ky 0 5 B 0.03 — 0.1 0008 — 0.04
b — s¥x b — g K5 0 — a1y 04 = 0.7 0.09 = 0.2
b = uiis Tree ¥

B— 7"K. 0009 — (.08 s 04 — 0.7 0.09 — (.2
b — dds Fenguin 0
b — cud 0

B— Dipm" 0.0 - - 5
b= ucd ¥

B—= D7D Tree O 0.03 — 0.3 0.007 — 0.02 0.002 — 0,006
b= cd TR

B — J /" Penguin A (004 — 0.3 0007 — 0.03 (002 — 0.008

B— ¢x"” Penguin & - 006 = 0.1 0.01 = 0.03
b — §7d _ bz

B— EVE" w-Penguin ¥ 0 — 0.07 0.08 — 0.2 0.02 — (.06
b — wiid B— wto” Tree ¥ 0.09 - 0.9 L TE 002 — 0.B 0005 - 0.2
b — ddd B— 7'z" Penguin A e —6 dhps 006 — 0.4 0.02 — 0.1

B— KTK" Tree ¥ 0.2 - 04 0.04 - 0.1 0.01 - (.03
bd — g s

B — p'p’ Penguin & only 8 001 = 0.03 0.003 = 0.006

CPV in b = sy also important



Clear Manifestation of New Physics !

Acp(J/v Ks) # Acp(Bcep with Penguin)
b C

C

No new phase

VS. S

CP eigenstates (or flavor non-specific states) with any other
decay diagrams, such as the following;

Sord Sord
b q b
q Y

E——l | |
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B0 — 1’ Ks _(10.4fb)

U ] L) B | ] | 2

S| (e) K2 ] |

111 N N sl

Hiae £z 0.2 ] ) 0.2

M, (GeV/c?)

Origin of the large branching fraction is not understood
yet. It may include contribution from new physics !
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B’ - D*D™ = ¢,
Full Reconstruction : better S/N

B0 —» D™D- B0 —» D**D™

Confirm partial Recon. D** — DO+ only
= add D™ — D* n” mode
Need angular anal. for ¢,

Br=1.04 +0.38+0.22 (x10)

First Observation 3r=1 21 £0.41+0.27 (x10-3)
)112+4ev 10537 ey
41c E 5.0c :
| i 1D'—>
: | Kt
2 N 2; L M ? K-Tc+7-c0
W doo o ] Knnino
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E WPenguin shosrr %Z/SS a

Awaited mode sensitive to SUSY after h—> sy (consistent to SM)

Exclusive mode: B— K I I <104
B> Ky :<30287) Bo>Kete :<51(557]
B> Kty :099 107 B> Kete <1226 75

-0.32 -0.15 -2.0
First Observation %755_ 9.5 +§Z ev ]
w7l . :
= 480 ]
B> K* it - g | ;
B— Ks pt - " ’ ';
combined NS AR Rt

O 1 1 1 1 1 1 1 1 1 1
520 5225 525 5275  5.30
2
M, (GeV/c)
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