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BG simulation groupBG simulation group
Contact parson

• Japan
– KEK: Hiro Nakayama, (Shuji Tanaka, Takanori Hara)

p
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– Tokyo: Clement Ng, Shinya Sugihara

Tohoku: Hiroshi Nakano (Hitoshi Yamamoto)– Tohoku: Hiroshi Nakano (Hitoshi Yamamoto)

• MPI
– Christian Kiesling, Hans‐Guenther Moser,

Andreas Moll Martin Ritter Elena NedelkovskaAndreas Moll, Martin Ritter, Elena Nedelkovska, 
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IR/PXD/SVD + Kohriki, Sato, Koike
Beam pipe structural design

+ Kanazawa, Iwasaki, Ohuchi 
Beam pipe‐QCS connection

mechanicsNakayama, Sugihara
Beam pipe cooling test

Nakayama, S.Tanaka (KEK)

SR generator(SRGEN/SAD)

simulation

SR generator(SRGEN/SAD)
QED generator(BHLUMI)

sawtooth design
Provide 

Sugihara(Tokyo) 
Elena, Andreas(MPI)
KEKB machine study

generated 
events

Feedback to    
beam pipe design

Feedback to 
shield design

y

Christian, Andreas, Martin (MPI)
SR simulation

QED generator/simulation

H.Nakano(Tohoku)
Touschek simulation
Beam‐gas simulation

N.Clement (Tokyo)

(Belle‐II Geant4) (TURTLE+GEANT4) 

Provide  Provide
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IR geometry implementation
(Belle‐II Geant4)

geometry
Provide 
geometry



Introduction: background sourcesIntroduction: background  sources
1. Touschek effect (∝IxE‐3)

– Intra‐bunch scattering  energy increase & decrease

– Significant in low energy ring (LER)

2. Beam‐gas scattering (∝PxI)2. Beam gas scattering ( PxI)
– Collision with remaining gas 

– Type 1: Coulomb scattering  direction change

hl  d– Type 2: Bremsstrahlung  energy decrease

3. Synchrotron Radiation (∝E2xB2)
– Type 1: Upstream (SR hit Be beam pipe directly) yp p ( p p y)

– Type 2: Backscatter (SR hit downward beam pipe, then reflected back to IP)

4. QED process (Radiative Bhabha, 2 photon ,etc…) (∝Luminosity)
d d  bk f– Type 1: radiated gamma + magnet Fe  neutron, main bkg source for KLM 

– Type 2: e+,e‐ lose energyoff‐trajectry hit downward beam pipe  shower

5. Beam‐beam effect
– Injected particles with a large horizontal oscillation (due to injection error) 

may be lost
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Upgrade from KEKB to SuperKEKBUpgrade from KEKB to SuperKEKB

Machine parameter HER
(KEKB)

LER
(KEKB)

HER
(SuperKEKB)

LER
(SuperKEKB)(KEKB) (KEKB) (SuperKEKB) (SuperKEKB)

Vertical beam size 0.94m 0.94m 59nm 59nm
B ( A)Beam current(mA) 1188 1637 2600 3600
luminosity(cm‐2s‐1) 2.1x1034 8x1035

smaller beam size, more current
 x40 higher luminosity 
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BG simulationBG simulation 
status overview
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0 Geant4 implementation (Clement)0. Geant4 implementation (Clement)

Be part

Ta part

H t lHeavy‐metal 
shield

IP +‐ ~0.1m : Be pipe only
IP +‐ ~0.5m : add Ta pipe, shield 

ready

ready

<Status> 
• Beam pipe is implemented (June ver )

IP +‐ ~3.0m : add QC1, cryostat NotYet

• Beam pipe is implemented (June ver.)
• Preliminary heavy‐metal shield is also in
<Plans>
• Magnets cryostat is the next step
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• Magnets, cryostat is the next step
• July ver. beam pipe (latest) comes after that  Magnet CAD design, which will be 

converted  (by hand) to Geant4



1 2 Touschek/Beam gas (Nakano)1,2. Touschek/Beam‐gas (Nakano)

Si l ti f k• Simulation framework
– TURTLE + Belle‐II Geant4

• Ring part: matrix calculation by TURTLE 
b b k b• IR‐nearby: step‐by‐step tracking by Geant4 

• Generator
– No specific generator used 
– Change direction/energy according to theoretical  equation

<Status>
• Finalizing cross‐check using KEKB. Start SuperKEKB soon.
• Ohnishi (Accl.Grp.) is also running Touschek simulation based on SAD. 
<Plans>
• Heavy metal shield study is urgent• Heavy metal shield study is urgent.
SVD group will soon make decision on “slant” or “straight”.
If “Slant”, we have less space for heavy‐metal shield.  OK for us??

• Assuming reasonable flux and start Geant4 simulation from just before the 
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3. Synchrotron Radiation Problem3. Synchrotron Radiation Problem
• Few month ago, we found SR hits the Be beam‐pipe seriously,  much more 

than we had thought (thanks to M. Sullivan).than we had thought (thanks to M. Sullivan).

Beam pipe designBeam pipe design
ver. Mar 2010 (OBSOLETE)

HER SR

M. Iwasaki(KEK)
SR generation/propagation only

# SR/b h

SR generation/propagation only. 
Reflection/scattering on beam 
pipe is not implemented.

# SR/bunch: 

1.6x107(E>5keV)

PXD requirement

95th DEPFET Workshop (29 Sep. 2010)

PXD requirement
< ~102‐103/ bunch

H.Nakayama(KEK)



New beam pipe design
K. Kanazawa

 Incoming pipes are cone‐
shaped, collimating SRs to 
prevent direct hits on Be part.

Tip scattering
(unknown)

Belle‐II beam pipe
(Ver. July 2010)

(1.6x1078.8x102/bunch)
 HOM can escape through 

(unknown)

x10
(20mm)

the pipes for the outgoing 
beam. 

 Still suffers from SRs which
Sawtooth structure 

Collimation
(9mm)

( )

 Still suffers from SRs which 
are not parallel to beam.
 Quite sensitive to alignment 
error (0 5mm errorx100‐error (0.5mm errorx100
1000 SR hits)

• Tip‐scattering or refection on Tip scattering or refection on 
saw‐tooth structure is hard to 
simulate. We are planning a 
beam test.
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More beam pipe details in 
Shuji’s talk tomorrow



3 Synchrotron Radiation (KEK/MPI)3. Synchrotron Radiation (KEK/MPI)

l f k ( ) Emitted position• Simulation framework (MPI)
– Belle‐II Geant4

• simulate SR absorption/reflection by Geant4

(HER)

Emitted position

p / y
(Geant4 can take care of interaction of very low‐energy photon) 

• Surface effect is very difficult to simulate. (EGS?)

• Generator (KEK)
IP 

e‐

Generator (KEK)
– A) SADtoSR or B) SRGEN or C) LCBDS(used by Iwasaki)

– So far, use A) as baseline (No need for optics conversion)
Emitted direction

<Status>
• SR 4‐vectors from beam center axis are ready e‐

SR

• Need to add beam‐size effect
<Plans>
• SADtoSR validation using simple model is necessary
• Cross check with Iwasaki’s LCBDS results

IP 
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• Cross‐check with Iwasaki s LCBDS results



4 QED Rad Bhabha (KEK/MPI)4. QED, Rad. Bhabha (KEK/MPI)

• Simulation framework (MPI)
– Belle‐II Geant4 

• simulate interaction of /e+/e‐• simulate interaction of  /e+/e
with matter by Geant4

• Generator(KEK/MPI)Generator(KEK/MPI)
– A) BHLUMI or B) BHWIDE or c) BBbrem

– Each generator covers different scat. angle

<Status>
• Start running several generators 
F k hi’ (A l ) th ti l l l ti• Funakoshi’s (Accl.grp.) theoretical calculation 

is quite consistent with our generators
<Plans>
• QED MC results are inconsistent with
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• QED MC results are inconsistent with 
SuperB’s, 
machine study analysis can give answer



Machine study forMachine study for 
Touschek/Beam‐gas BG/ g
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Extrapolation towards BGExtrapolation towards BG
I: beam current, : life time

)( ...11
  gasbeamTouschek kkIBG

k: proportional constant

• KEKB machine study results can be extrapolated for 

)(
 gasbeam

gasbeam
Touschek

Touschek 

SuperKEKB
• Extrapolation strategy

– Measure k and  at KEKB by machine study
– Assume same kTouschek, kbeam‐gas, beam‐gas at SuperKEKBTouschek beam gas beam gas 

– For Touschek at SuperKEKB, use optics simulation result
– SR, Rad.Bhabha, beam‐beam BG are not included
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KEKB machine study (Jun 2010)KEKB machine study (Jun. 2010)

• Single beam(HER/LER only), random trigger

• Vary vertical beam size to see Touschek effectVary vertical beam size to see Touschek effect

• Measure SVD,CDC,ECL background level

Belle detector
H.Nakayama(KEK) 155th DEPFET Workshop (29 Sep. 2010)



How to measure  How to measure Touschek, beam‐gas 
Beam size(m)

smallersmaller 
size

1/life (min‐1)

Nominal 
beam size
(~2um)

Beam life(min)
(hour)

shorter 
life Touschek

CDC t( A)

beam‐gas(hour)

CDC current(A)
1/y (m‐1)

moreBG

(hour)

y∞, Touschek 0
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How to measure k kHow to measure kTouschek,kbeam‐gas

Nominal

CDC BG/i (A/mA)

Nominal 
beam size
(~2um)

slope: 

kTouschekslope: 

BGTouschek

Touschekp

kbeam‐gas

Touschek

BGbeam‐gas

1/life (min‐1)

1/T h k

1/beam‐gas

1/Touschek
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BG estimation at SuperKEKBBG estimation at SuperKEKB 
Assumptions:  
• Use T h k from optics simulation: 8 7min(LER) 15 3min(HER)Use Touschek from optics simulation: 8.7min(LER), 15.3min(HER)
• Use same beam‐gas from KEKB machine study: 800min(LER),  3400min(HER)
• Use same kTouchek, kbeam‐gas from KEKB machine study

CDC 400+‐40 uA (cf. ~20uA@2003) 

 ~120 kHz/wire or less at layer 6 or outer

CDC HER_beam‐gas
LER_beam‐gas
HER_Touschek

CDC

60+‐5 GeV/event

 wave form fitting (x1/7)  ~9 GeV/event 

6000 600 t/t iSVD

ECL
_

LER_Touschek

LER/total: 60~70%, 
Touschek/total: >90%

6000+‐600 event/trigger

 shorter integration time (2s75ns)

 ~400 event/trigger, occupancy: 2.7%+‐0.3% <10% (SVD2)

SVD

(estimated from SVD)

 3.2M pixels in 1st layer, shaping time: 20s  SR, Rad.Bhabha,

PXD
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 Occupancy  = 1.5±0.1% 
(not including low‐pt tracks or  <few keV gammas)  

SR, Rad.Bhabha, 
beam‐beam BG 
are not includedPXD 1st: 14mm

SVD2 1st : 30mm



Schedule (draft)
FY2010 FY2011 FY2012 FY2013 2014

7 10 1 4 7 10 1 4 7 10 1 4 7 10 1 4

SR sim.

Saw tooth design

HOM calcHOM calc.

Cooling test  SVD deadline
“slant or not”

Particle BG sim. 

Rad. Bhabha sim.
Assume detector 
install deadline here

Heavy metal shield

Fabrication(~1Y)design IR/PXD/SVD mountBeam pipe (Be) 

Beam pipe (Ta)

QCS connection

Fabrication( 1Y)

Fabrication(~1Y)

g

design

design

IR/PXD/SVD mount
IR/PXD/SVD install

Belle‐II roll inQCS connection 

IR roll‐out work
QCS design 
deadline

H.Nakayama(KEK) 195th DEPFET Workshop (29 Sep. 2010)

g
QCS connection
Cosmic run



backupbackup
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IR tasksIR tasks
• BG simulation

– Particle BG (Touschek, Beam‐gas)
– Radiative BhaBha
– SR (upstream, back‐scatter)
– IR geometry implementation

• BG study
– Touschek, Beam‐gas study
– QED study

• Beam‐pipe structural design 
– Be center part (strength, cooling, fabrication method)
– Ta crotched part (SR stopping, cooling, fabrication method)

i ( fl b ll f i h d)– QCS connection (BPMs, flanges, bellows, fastening method) 
• Other beam‐pipe design

– Al mockup test for return cooling
S h d i– Saw tooth design

– HOM calculation
– Heavy‐metal shield design

Mi t h ti ti ti– Mirror current heating estimation
– Vibration
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Beam pipe design & BG estimationBeam pipe design & BG estimation
BG simulation/machine study  Beam optics

(KEK/MPI)

Beam pipe structure design (KEK)

(Accl.)

fabrication
(company)

IP straight part(Be) Crotch part near IP(Ta) Crotch part near QCS

IP cooling test
QCS Joint
(Accl.)

Joint

PXD structure(MPI) SVD structure(HEPHY)

( cc )

IP straight part(Be)IP straight part(Be) Crotch part (Ta)Crotch part (Ta) QCSQCS

Beam pipe design
ver. May 2010 (OBSOLETE)
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Beam pipe design



Beam pipe parametersBeam pipe parameters
Be center part

(a) Au plating
(10 m)Outer radius: 

12mm

Inner radius: 10mm

(b) 0.6mm Be wall

(c) 1mm gap for 
Paraffin(C H ) coolant(cf. 15mm for SVD2)

(d) 0.4mm Be wall

Paraffin(C10H22) coolant 

Ta crotch part

Inner radius: 10mmInner radius: 10mm
Ta thickness: 4mm
Au plating on inner surface
Dig drains on outer surface to put water cooling pipes
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Dig drains on outer surface to put water cooling pipes
Saw tooth structure to prevent reflected SR lights to hit Be part 



Current Space assignment near IPCurrent Space assignment near IP
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Current Space assignment near IPCurrent Space assignment near IP
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Cooling pipe connection on IP 
chamber
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Touschek/Beam‐gas machineTouschek/Beam‐gas machine 
studyy



Estimated BG fraction at SuperKEKB

HER_beam‐gas

LER bCDC LER_beam‐gas

HER_Touschek

LER_Touschek

CDC

HER vacHER_vac

LER_vac

HER_tou

LER_tou

SVD

HER_vac

LER_vac

ECL

HER_tou

LER_tou
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QED machine study

H.Nakayama(KEK) 5th DEPFET Workshop (29 Sep. 2010) 30



1 QED process
C. Kiesling

1. QED process

H.Nakayama(KEK) 31XIV SuperB General Meeting (28 Sep. 2010)



QED BG estimation
C. Kiesling

QED BG estimation 

/• SuperB QED simulations : 10MHz/cm2

 ~1.5 % occupancy for PXD, which is close to our limit (2%) 
• However, our simulation shows ~0.1% occupancy

– Our generators  (BDK/KW/Grace) show consistent results

• Find out the correct answer by KEKB machine study .

ll d b ( d )– Collide two beams (LER and HER)

– Vary luminosity by varying beam separation, beam size, or 
b tbeam current.
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Machine study results
C. Kiesling

Machine study results

SVD hits 
multiplicitymultiplicity

H.Nakayama(KEK) 33XIV SuperB General Meeting (28 Sep. 2010)

Further analysis is on‐going using CDC information



Touschek simulation using SADTouschek simulation using SAD
by Ohnishi (Accel.grp.)y ( g p )
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Beam‐beam backgroundBeam‐beam background
(Funakoshi’s talk)( )
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