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Asymmetric B factories

Belle R E 2%
4

High Energy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

. Js=10.58 Gev

e e B < ........... . AZ ~ C
—— Y(4s) < Y(4s) /: B ~ Zggﬁm
BaBar p(e)=9 GeVv p(et)=3.1 GeVv By=0.56
Belle p(e™)=8 Gev p(e*)=3.5 Gev By=0.42



B-factories — a huge success!
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[ | excluded area has C .

Measurements of CKM matrix elements s g—,
and angles of the unitarity triangle ‘ ‘

Observation of direct CP violation in B decays = o)

Measurements of rare decays (e.g., B=>tv, Dtv) >
b->s transitions: probe for new sources of CPV and % R
constraints from the b—>sy branching fraction e e e

Forward-backward asymmetry (Agg) in b—>sll has become a
powerfull tool to search for physics beyond SM. “°°§: o BO tag
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New hadrons at B-factories

Discoveries of many new hadrons at B-factories have shed light
on a new class of hadrons beyond the ordinary mesons.
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Integrated luminosity at B factories

i 1 i i i

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

~100 fb!

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

Fantastic performance much beyond design values!




What next?

Next generation: Super B factories = search for New Physics

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

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

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

- We will have a 50x larger sample for studies of already found
hadrons and searches for new ones

Peter Krizan, Ljubljana

7



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

Peak Luminosity Trends (e'e” collider)

SuperKEKB

40 times higher
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Super
How to increase the luminosity? QL"BM

Beam-beam parameter
Lorentz Beam current

factor \ \

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

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

(3) Increase &,

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB



Super
KEKB

uest for BSM

Belle 11 Colliding bunches

New IR ><
~

New superconducting
/permanent final focusing
quads near the IP

{ New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

RERLEARIE
>
AR onenieree

Redesign the lattices of HER & Damping ring ”\‘*—

LER to squeeze the emittance ‘| }

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]

To get x40 higher luminosity

= [SR Channel]
[Beam Channel]
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<D Requirements for the Belle Il detector

Belle I

ExpMC
Eher 8.00 Eler 3.50 Date 1031120 Time 9D351

B EL L E TrglD ODetVer 1 MaglD 21 BField 1.50 DspVer 7.50
Piot(ch) 0.0 Etot(gm) 0.0SVD-M 0CDC-M 2KLM—M O

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

» Higher background ( x10-20)

- radiation damage and occupancy

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

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

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

Solutions:

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

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

» Better particle identification device

» Replace endcap calorimeter crystals

» Faster readout electronics and computing
system.

15>

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




{B Belle Il in comparison with Belle

Belle I

1 | 2 | 3 | 4 | 5 | 8 | 7 | 8 | 9 | 10 | 1 | 12

’ Belle Il SIDE VIEW
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CDC: small cell, long lever arm Belle B

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

T | 8

KLM: RPC = Scintillator +SiPM (end-caps) Y. Ushiroda, ICHEPZO]_O




DEPFET:

DEpleted P-channel FET

Beam Pipe

DEPFET
Layer 1
Layer 2

DSSD
Layer 3
Layer 4
Layer 5
Layer 6

r=10mm

r=14mm
r=22mm

r= 38mm
r= 80mm

r = 115mm ssssss diie
r= 140mm external [Imemu

Prototype DEPFET pixel sensor and readout

full size matrix /

=

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

14



Endcap PID: Aerogel RICH (ARICH)

Particle Identification Devices

«200mm ]
orenkO oS vA
— Barrel PID: Time of Propagation Counter (TOP) e oA
Focus mirror _/.4 >
MCP-PMT (sphere, r=7000)
— d
o
Backward . Forward d
o

Quartz radiator Aerogel radiator

Focusing mirror
. n~1.05
Small expansion block
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8 ! el
2 |
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i \3>./ 200

Peter Krizan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

= 1]
K|lmn
]

/

Quartz bar

Array of

Jast PMT'’s

Lrop (NS)
b

1. 5‘.[‘ 0\.‘0 ———
=

oc <1 0 ¢ 0 ¢

(uid) x

:; [
= 400 D)
&=
< 300
3
200
100
0 1 i x J
0 10 20 30 40 50
t (ns)

DIRC-like device without a
large expansion volume:

Pattern in the coordinate-
time space (‘ring’) of a pion
and kaon hitting a quartz
bar with ~300 MCP PMT
channels

Time distribution of signals
recorded by one of the PMT
channels:

- different for r and K

Peter Krizan, Ljubljana



Barrel PID: Time of propagation (TOP) counter

Focus mirror
MCP-PMT (sphere, r=7000)
Backward Forward

e Cherenkov ring imaging with
e Reconstruct angle from two coordinates and the time of propagation
of the photon
— Quartz radiator (—~2cm) SL10 MCP-PMT
— Photon detector (MCP-PMT) -
e Good time resolution ~ 40 ps
e Single photon sensitivity in 1.5 T

Photon
detector array Peter Krizan, Ljubljana




s Aerogel RICH (endcap PID)

Belle IT

[ RICH Hit Map, w.r.t. track | rich_2d_1
Entries 412449
Mean x -0.09929
L Meany -0.4329
T 100 RMSx  43.24
RICH with a novel

“focusing” radiator —
a two layer radiator

A 4

Employ multiple layers with
different refractive indices
—> Cherenkov images from

-50[-

Clear Cherenkov image observed

H - r PR T T T ST [N S ST N S ST T ) B |.
individual layers overlap on q00 S0 0 50 qm ©
the photon detector.
Cherenkov angle distribution
D Entries 64801
- Mean 0.3092
r RMS 0.07419
6000 — %2 1 ndf 143.5 /28
- constant 6129 + 39.4
5000 £ rr.|ean 0.3067 + 0.0001
C sigma 0.01349 + 0.00007
- BG const -192.6+ 20.5
4000~ BG slope 1715+ 69.4
C I
r # of tracks : 2700
3000 # Photons : 41339.7 +- 227.3
r Photon/track: 15.31 +- 0.08
2000 :_ BG /track :2.00 +- 0.03
1000 run048

||||||| [ il I R W
% “0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

>,

= 6.6 0 /K at 4GeV/c!
Hamamatsu HAPD

Q.E. —~33% (SBA photocathode) Peter Krizan, Ljubljana




15 countries, —60 institutions

~400 collaborators

I ]
Peter Krizan, Ljubljana
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B> European groups of Belle-lIl

Belle I

*Austria: HEPHY (Vienna)

*Czech republic: Charles University in 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

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

Peter Krizan, Ljubljana
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sy SuperKEKB/Belle 11 funding Status

{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)
e Full approval by the Japanese government by December 2010;
the project is in the JFY2011 budget as approved by the
Japanese Diet end of March 2011
Several non-Japanese funding agencies have
also already allocated sizable funds for the e :
upgrade. S ;:mhmp e e P bR R e

ear this news y Masanori Yam: for B

ector of the Insf iP | dN l s d IKEK Th n y pg d p\ n
the d y ' h y flavor particles with al I(

al Iaunch d re: rogr m in se arch for new physwcs by usmg a techmque

which is complementary to wh: p\ y d LHC CERN

[ Media Contact ] Y

econstruction Started! o r81 208700047

CH Of 10N, KEK | proffice@kek jp | Copyright | Send Question
raki 305-0801 Japan



Construction Schedule of SuperKEKB/Belle 11

FY2009 FY2010 FY2011 FY2012 FY2013 FY2014

e+ new matching & L-band acc.

Linac
“ | e+ beam commissioning >
RF-gun & laser system A1 gallery
extension It‘wl-‘\,: >
0

| Design study /| Commissioning at test stand | = _ >
e- beam commissioning

Damping Ring Facilities| Tunnel construction > >
Building > DR

Componen _ construction commissioning
Mass Fabrication > | Installation >

Main Ring Facilitied Building construction >

Componen H MR >
Mass Fabrication > commissioning
| Installation >

BEAST II

Belle IT Detector Ad-hoc detector for MR commissioning

Mass Production

Construction >

| Installation (KLM) Installation (E-cap)
Installation

(Barrel) > D

smic Rgy Test thlinnn 99

DR S e N P S ARSI LAr TR

Ready to Roll-in

Belle roll-out
In Dec. 2010
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o] KEKB/Belle status: official statement

Belle I

+-AS 1S now well known, Japan suffered a terrible earthquake and tsunami
on March 11, which has caused tremendous damage, especially in the
Tohoku area. Fortunately, all KEK personnel and users are safe and
accounted for.

The injection linac did suffer significant but manageable damage, and
repairs are underway. The damage to the KEKB main rings appears to be
less serious, though non-negligible. No serious damage has been reported
so far at Belle. Further investigation is necessary.

We would like to convey our deep appreciation to everyone for your
generous expressions of concern and encouragement.”

Peter Krizan, Ljubljana
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<D KEKB/Belle status

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.

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 (Tsukuba campus) has to a large extent recovered from the
earthquake, back to normal operation — including the power supply for the
computing center for Belle data analysis for summer conferences...
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Be,,eﬂ Luminosity upgrade projection
70 _
- Milestone of SuperKEKB
2 50k ‘ . Plan: reach 50 ab™"
é a0F- 9 month/year ‘ /1| in 2020~2021
2% 4o 20 days/month : '
38 -
S 20
2 =
= 10 : - _ .
: | | 5 ab'in 2016
0 1 1 ! L " N \
X1035 8-_‘ ' e R msausses - '
2 . Commissioning starts
S~ 6 mid of 2014
E u |
3E *T Shutdown
§~ 2% forupgrade

F S e | oo o s 1R
281 0 2012 2014 2016 2018 2020 2022
Year

- Talk by Boris Shwartz, Friday
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Super B factory in Italy: SuperB SuperB
) -

EMC

Construct a new tunnel near Frascati
- Move magnets from PEP-II ] AR /(31@\/)
—> Move BaBar, upgrade with new detectors = 7

144 quartz bars
11000 PMs  *]

Drift Chamber
40 layers

Silicon Vertex Tracker

Instrumented Flux Return .1 5 layers. double sided strips

iron/ RPCs (muon / neutral hadrons)

Both Rings Housed in Current PEP Tunnel

D alazzina Uild
ma 1500 e
Cab, EL. - Terrl Raffr,
Aree tecniche
o
2 @ Sal
me 1200 <h @15+ 4
\
Stazlone Elettdca AT, |7,
Z e =hesm d AN

, Ljubljana
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SuperB site: Tor Vergata University campus Superb

.

'-..‘:“A‘bout 4.5 km

: o
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7\ . . .
SuperB Nano-beam collisions with crab waist
| -

Pantaleo Raimondi

® Without

Crab-sextupoles
With

Crab-sextupoles

Crab waist scheme: successfully tested in the DA®NE ring

Other features: run at charm threshold, polarized e beam

Peter Krizan, Ljubljana



et SuperB Detector (with options)

) =4

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

MAGNET

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

X LO Striplets @
\-\-\D\ERC PMT SHIELD 1.6cm if
L background is
BI™~. acceptable as
‘ 23 N
\!‘e&"f\- 2 ) ] SUPERCONDICTING SOLENOID -ﬁ%‘-‘s defaUIt' MAPS
B —_ Fpfic BARREL CALORIMETER Ll Optlon
n W .
T DIRS e ———————————
BASELINE DESIGN REMOVABLE - R
- §. HORSESHOE 7 ™~
] g _ 0 mm
DESION OFTIONS | _% = ﬂ | FPID Physics
e | JF gains about 5% in
TN ~ B2K(*)wv.
= 2 in "% Somewhat larger
J’g’%/—/ gains for higher
- multiplicities
-
1“:‘\’/.' . i
LI [- —| , LWK IFR BELT
AL U _ _ oo
f7 RN T R I A I T S R R R R S R O R N T R P L e R T A R g I A PR i |

M. Giorgi, ICHEP2010



77\
e SuperB Status

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

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

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

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

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



(Famda  pANDA at FAIR: Pp FAIR

Electron
cooler |
Antiproton
Injection
HESR 7 High Energy
Storage Ring
Cooling: electron/stochastic
Phax = 15 GeV/c
High resolution: L= 10% cm?st! dp/p < 4x10°
High luminosity: L= 2-10%2 cm?st? dp/p < 104




(panda PANDA Physics Program

e Meson spectroscopy:
D mesons
* charmonium
» glueballs, hybrids, tetraquarks, molecules

e Charmed and multi-strange baryon spectroscopy

e Electromagnetic processes (pp—>e*e-, pp—~>yy, Drell-Yan)
e Properties of single and double hypernuclei

e Properties of hadrons in nuclear matter

Why anti-protons?

e Gluon rich process

e Gain ~ 2GeV in annihilation
e B =0 system

e All fermion-antifermion quantum
numbers accessible

e Very high mass resolution in
formation reactions

e High L states angular momentum
accessible

Formation:




(panda PANDA Spectrometer

Detector requwements

(partial-wave-analysis)

------------ - (2x 107 annihilations/s)

- i  — Z ) F —rp — i <..ZZZZZZZZ -
- e . - 7] et b e d ] il e e

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

Installation 201 6/1 7

Peter Krizan, Ljubljana
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PANDA Spectrometers

Target Spectrometer Forward Spectrometer Acceptance
. horiz:+10°
2 Tm Dipole magnet}i
T Vet : £5:
_ 'sl
[2 T Solenoid | & ~ i¢ _
m {l
S e ‘

p beam i e | : |

: A 2
Interaction ‘ - = b
point , | = J

Target ne

A2 m

{ s

J. Smyrski @ TIPP2011



Target:
pellets (frozen droplets)
or cluster jet (nanoparticles)

10 million pixel channels
on 176 modules
200,000 strip channels
on 254 modules




C |_]:El nda

Tracking Detectors

‘el
:
=
2
)
Al

Micro Vertex
detector

o

| = J
Central GEM Detectors
Tracker (6 <20°)

Two options: _
- Straw Tube Tracker
- GEM-TPC

,:orW ard Tracker

J. Smyrski @ TIPP2011



PID

Barrel
DIRC

_ Forward
Detectors TOF Wall
»
{.
(&) j
Disc
DIRC

L

J. Smyrski @ TIPP2011



( panda Barrel DIRC

= Similar to BaBar DIRC Photon detector &
= /K separation 0.5 < p<4 GeV/c . FElectronics
= Inner radius: 48 cm ]

» Radiator: 96 bars, fused silica
(n=1.47), size: 17mm (T) X
33mm(W) x 2500mm (L)

= Compact photon detector: array of
MCP-PMT (Burle Planacon) in i =
magnetic field 0.5-1 T e
total 7000-10000 channels

= Time of propagation = dispersion
corrections (3D-DIRC concept — x,),0)

= Focusing optics

Radiator bars

Focusing lens

J. Smyrski @ TIPP2011



(panda Disc DIRC

Radiator: fused silica 20 mm thick,

R =1m
/K separation up to 4 GeV/c
Focusing light guide
Photon detector in ~1T field

capable of rates 0.75 MHz/cm?

(MCP-PMTs or dSiPMs)

dispersion correction: LiF block

light
guide

photo
detector

fused
silica

opening for FS

dispersion correction: dichroic mirror

SiPM Dielectric mirror

coating

39



Electromagnetic Calorimeters
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(panda PWO calorimeter

= 15552 PWO-II crystals
(barrel — 11360, forward end-cup — 3600, backward — 592)

= |nner radius of barrel 57 cm

= Thickness 22 X,

= cooled down to -25°C (£0.1°C)

= Energy resolution 1.54% / VE[GeV] + 0.3%

TDR: arXiv:0810.1216v1

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

PWO Il crystals

* dense and fast
* increased light yield:
-improved PWO Il (2x CMS)

=f= J50¢C (x4 T=+ 25°C)
eDimensions 2cm x2cm x 20 cm

Photosensors

LAAPDs (barrel)

Active area 14 x 7 mm?

- 2 LAAPDs glued to

one crystal

- preamplifier-shaper:
APFEL-ASIC, 350 nm CMOS

)

VPTs (forward end-cup)
- preamplifie-shaper: LNP-P

I




Experiments at the 12 GeV CEBAF

new Hall

Considerable upgrade
of the accelerator and

of the detectors Upgrade magnets

Add 5 and power
cryomoﬁles ‘ supplies

Newport
News, VA

Enhanced capabilities
in existing Halls



New capabilities in Halls B and D

9 GeV tagged polarized photons
and a 4 hermetic detector

Exploring origin of confinement by studying
exotic mesons.

CLAS upgraded to higher (103%)
luminosity and coverage

Nucleon structure via generalized
parton distributions.

Peter Krizan, Ljubljana



CLAS12

Region 2

Forward spectrometer Central |
- TORUS magnet Detector
- Forward vertex tracker T

- HT Cherenkov Counter
- Drift chamber system

- LT Cherenkov Counter
- Forward ToF System

- Preshower calorimeter

- E.M. calorimeter

| Region 1

Central Detector
- SOLENOID magnet
- Barrel Silicon Tracker

A Sk Forward
- Central Time-of-Flight = AR | | Detector |

HTCC

Proposed equipment

- Small angle tagger

- RICH to replace LTCC

- Micromegas in CD

- Neutron detector in CD

I Lree e EC

6/17/2011
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CLAS12 - Capabilities

Capabilities to measure exclusive processes at 12 GeV

* Operating luminosity up to 1035 cm-2sec'- small cross sections
High momentum and small polar angles
Particle ID to high momentum for e-/1, T1/K/p, y/11° separation
Momentum & angle resolution for use of missing mass techniques
Coverage of large ranges in polar and azimuth angles
Identify detached vertices for weakly decaying strange baryons

Solution:

®* Reduce DC occupancies to reach higher luminosities
— Reduced solid angle seen by each cell, reduce time window
— Improved magnetic shielding for Maller background

® Upgrade the forward PID system
— Additional high-threshold Cherenkov detector for 11, K, p rejection
— Improve timing resolution of the Time-of-Flight detectors
— Improve calorimeter granularity for 1°/y separation
— Add tracking capabilities for improved vertex resolution

* Complement the forward detection system with central detector
— Tracking and magnetic analysis at large angles with solenoid magnet
— Particle identification capabilities with central Time-of-Flight system

Peter Krizan, Ljubljana



CLAS12 — Central Detector

= SVT - Charged particle tracking in 5T field
= Vertex reconstruction
= AT < 60psec in CTOF for particle id
= Moller electron shield
= Polarized target operation AB/B < 10
in 2.5x4 cm cylinder around center

Peter Krizan, Ljubljana



CLAS12 status:
Construction on schedule for installation start in 10/2012




The GlueX Detector in Hall D

Goal: search for exotic hybrids

lead-glass detector
excited flux tube

Cerenkov
counter



GlueX status

Detector construction: well underway

BCAL

- Status: on-track for first beam in 2014.

- Talk by Igor Senderovich, this session
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Summary

B factories have proven to be an excellent tool also for
hadron 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 11,
L x40, construction started

SuperB in Frascati: build a new tunnel, reuse (+ugrade)
PEP-11 and BaBar

PANDA at FAIR: TDR end of 2011, installation 2016/17
JLAB: CLAS12 on schedule for installation start in 10/2012

JLAB: GlueX on-track for first beam in 2014

Expect a new, exciting era of discoveries in hadron physics



