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SuperKEKB Accelerator

An upgraded acc. from the KEKB acc.  -Uminosity : KEKBE x 40

P. Raimondi

Nano-Beam Scheme SuperKEKB

Circumference ~ 3km Belle Il detector
Half crossing angle: ¢
. overlap region << bunch length
l
Acc. Beam Power : X 3 gy _ Y= [y, O'; R; | Beam Current: x 2
(200kW -> 600kW) 2er,|  oF R,| By@IP:1/20
Damping ' )
. -y g T Sourc KEKB SuperKEKB
I 11‘1(%r Iore £ SUBITCC Acieved Nano-Beam
! : . LER | HER | LER | HER
Positron damping ring for * G- lbar
low emittance injection RF-Oun A | 16| 12 | 36 26

i By 59 59 0.27 | 0.30
Low emittance [mm]

Photocathode electron gun & | 0.09 | 0.12 | 0.088 | 0.081

omean | 2.1x10% | 8.0x10%

Belle II Physic Week  Oct. 28,2019



Timeline of Commissioning Steps

FY2015 FY2016 FY2017 FY2019 FY2020
2015 2016 2017 2020
3/2 6/30
Belle Il and QCS installation
3/19 7/17
1-A beam storage Now Here
Vacuum Scrubbing _ _ l
100!
: 10/15 [(1/16)
w/o DR operation 3/11 7/1 12/12 (7/1)

First Collision

with DR for e+ Inj.
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Brief Summary
of Phase-3 2019 Spring (Mar.~Jun)

- Recent Remarkable Results -
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Brief Summary of Phase-3, 2019 Spring

Bl File Edit Size Window 19-07-01 08:58: Help

Y. Ohnishi, ARC, July 8, 2019
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Brief Summary of Phase-3, 2019 Spring
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Brief Summary of Phase-3, 2019 Spring

Integrated Luminosity|

ﬁ: Y Daily Int. Luminosity Phase-3 (2019 Spring)
5 300 2019a,b
X Delivered
£ —
> 150 Recorded
©
0 Ik
_ 12 nt Luminosity Phase-3 (2019 Spring)
g 8 2019a,b -~ i
= Delivered , ~65%,04)
= Recorded (R
g d | v v oo oo o gl
0 ol |
2019/3 2019/4 2019/5 2019/6 2019/7

Date

Max. recorded luminosity per day was ~300 pb-1/day.
Recorded integrated luminosity of ~6.5 fb-1 were accumulated.
Delivered integrated luminosity ~9.6 fb-.
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Brief Summary of Phase-3, 2019 Spring
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Brief Summary of Phase-3, 2019 Spring

Y. Ohnishi, Y. Funakoshi

5 y+ : Beam-Beam Param.

60 T T " T 7 ]
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The specific luminosity is increased by squeezing Sy*.

It is well proportional to 1/B8y* at a constant bunch current.

The beam-beam parameter can be also kept
while squeezing Sy*.
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Beam Current [A]

Spec L [10°9] L [10*2 em™s

Brief Summary of Phase-3, 2019 Spring

Continuous injections started from May, 2019 in both LER and HER

The injection BG was drastically reduced by the elaborate tuning of collimators
and new injection tuning method, then, continuous injection mode was realized.

This improvement

Contributed to higher integrated luminosity.
Efficiency was increased by ~50% .

Decay mode run

0570472019 09:00 - 05/04/2019 17:00 JST
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Continuous injection mode run
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Concerned Issues and Troubles
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Beam-Beam Blow-Up

B, =2 mm

Y. Ohnishi, ARC, July 8, 2019

Tt | = 700 mA for LER and HER | i 1
e jo»3 Beam-Beam blow-up was observed, and
e Z& also flip-flop phenomena in beam sizes.
“E Collision Non%colllsmn _
o b = (.42 T LER o, =011 Y TR
;MR "™ 85€ Non-collision
Tork , . | , - ik — The blow-up in the LER is
goe  0,_=035um  HER oo | significantly larger than the HER.
2.20'230‘"‘0; .. 3£I')"' .“‘ 4&)"‘ — 4[5rn .... 5(ID"' ““ 5.:3"‘ - ‘23h 12526"’0‘5 l‘ 2!3'" |
6/30/2019 6/29/2019
Continuous Injection Mode (CIM)
e
W NSRS [FENE e _ | _
52 Luminosity was improved
e | 11 byincreasing vertical emittance in HER
g ' However, beam size was unstable.
g - B, e * niile . .
It seems like flip-flopping between beam sizes of
e HER and LER.
S it i
6/23;%?";05 40" 13Me" Q" 40" 14Mg"

These phenomena are not yet understood well.
Detailed study will be necessary.
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Beam Background Issue
In the 2019 spring run

Injection spikes in the LER

Background from injection beams was decreased by adjusting beam orbits, energy
spreads, emittances and injection parameters. However, the quiet situation did not
continue.

2 FW 135:DogeRate
8 BW 135:DoseRate

Qc

:Rad:QC

Background bursts by injection beams were also observed. .
From recent studies, it was found that the bursts in LER were likely to occur at the B ok
timing of a klystron down or of a mis-triggering of pulse magnets at Linac.

But it was not always. The cause of these bursts have not been fully understood yet.

VXD:Rad:
VXD

B2
B2

Time Ohnishi

Photon dose [photons m™']
5 1x10% 1x10% 1x10°* 1x10%°

Storage beam background in the LER MO PTERT T T Phased
i Phase-1 ; . Phase-3
Main background source in LER storage mode was the beam-gas Coulomb 10" Soggads Whnale ting (nc wigglr) | gs"‘*°°:°°"_ 1x10°
scattering from the stored beam. L Vgl s
Vacuum scrubbing in LER was proceeding steadily, but the pressure was still high, % x0o? - Z - - 1x10°
especially compared to HER. £ ; ryla
Number of collimators for LER was insufficient. & 1x10° | Are /: ’1{ | 1x10°
_ _ 1x107 _ - 1x10°
Background studies should be continued. |
o ] ] ) . 1x10° L L L — 1x10”
Optimization of collimator settings are important. Lo A O

Beam dose [Ah]

and additional collimators are needed.
And also more vacuum scrubbing in the LER is needed.
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QCS Quench in Spring Operation 2019

N. Ohuchi, ARC, July 8, 2019

During the Spring operation 2019, 6 magnet quench events occurred.

— 3 events are beam induced quench (due to beam loss).
— 3 events are due to QC2LE power supply failure. SVD had serious damaged.

3
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Number of Quenched Magnets
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Coil-voltage profiles of QC1LE and QCZ2LE

PS slow down
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T
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£ Veor= Lae (dl/dt) /4 =29V
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=
~ e
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As one of the countermeasures to avoid QCS quench
due to steered beams,

shortening the delay time to abort kicker firing is
important,

— Abort trigger system was improved in this summer.
Details will be presented later.
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Protect Shields agains Quench

Future Issue|

N. Ohuchi, ARC, July 8, 2019

The countermeasure to the quenches of the QC1 magnets has been proposed

to assemble the W alloy shield on the incoming beam pipes by the QCS group.
— TheQCS group is waiting for the beam simulation results including these shields concerning for

the effectivity of the magnet quench protection.
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IR Chamber Trouble (1)

- Troubles of bellows chamber at backward side of IP -

The HER bellows was heated up: The temperature increased to ~50°C at ~ 600 mA.

It was very concerned for high currents.
Temperatures of Bellows at IP

o
=
1.
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[
=
L

FB MOVE :D0O2:

FB MOVE :D01:

0 Ton T TR T TR V7T B T a— T
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In this Summer Work |

QCSL was retracted ,
and the bellows chamber was replaced during this summer shutdown.

Three RF-shield fingers inside the bellows were dislocated.
The cause of the finger-dislocation is not clear.

RF-shield
fingers

The bellows was replaced with a spare.
No abnormal movement was seen during this work.

No temperature increase has been observed in the present

operation (last 2 weeks) at 700-mA storage (Oct. 15th 2019~).
Belle Il Physic Week ~ Oct. 28,2019
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IR Chamber Trouble (2)

- Troubles of bellows chamber at backward side of IP -

In this Summer Work |

It was found that downside BPM connectors

were broken.

— They were replaced to improved ones.

The cabling paths were changed to upside to
avoid tensions on connectors during various

works in the detector.

Two QC1L BPMs (Downside) were unusable due to
disconnections of cables in the operation (Reported
in last BPAC).

TDR measurements suggested damage at the SMA
connectors.

Belle II Physic Week  Oct. 28,2019
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Improvements
of Shortening Delay time of Abort Trigger
for Quick Abort Kicker Firing

Belle II Physic Week  Oct. 28,2019
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QCS Quench in Spring Operation 2019

During the Spring operation 2019, 6 magnet quench events occurred.

— 3 events are due to QC2LE power supply failure. SVD had serious damaged.

e PS Failure g rmrmmr— When the magnet PS was failed (I/L worked),
% | pcolvot@may 3 the PS slow down started.

Beam Los R . oo

"

| E ‘ e ...T?..

——————Beam Abort, 1  After ~3 ms, the beam was aborted by the loss monitor

B r[ (IOWDown)‘(a"d Hehel signal, then the steered beam hit and QCS was quenched.
: o - e s During this 3 ms, the beam orbit was deviated.
O T T " HER abort trigger | L E
g g One of the reason of the delay (~3ms) to the abort timing:
gk ey |1 Abort request signal from PS system of the magnet was
B | ey 1 very slow because it was transmitted via relay switches of

PLC modules ( it took ~60 ms ).

vy
%y (m v sity (rel.)

f;a:::::::::,.::::::' Improved in this summer: |

Diamond = (|  |“@mw |1 In the improved system, the abort request signal is
Detector H =3 transmitted directly from FPGA in the PS system as optical

PR - 7 signal. As the result, the delay was reduced to ~10us,
i “e————10 MS——> which is ~50us before starting slow down of PS.

' RN From the autumn run 2019, accordingly, beams will be

IS e o A immediately aborted after PS failure in ~30 ps before
beam orbits are deviated.

From the report by Y. Arimoto hysic Week  Oct. 28,2019 20



QCS Quench in Spring Operation 2019

During the Spring operation 2019, 6 magnet quench events occurred.

— 3 events are beam induced quench (due to beam loss).

The beam was aborted at 30~40 us (3~4 turns) after the large beam loss started. (Trev=10us)
-> The delay time between the abort request and the abort kicker firing was about (max.) ~40 us.
» ~1/3 of beam current was lost until the beam abort.
 High radiation dose damaged PXD.
* Collimator head of D02_V1 (V-type collimator, just upstream of IP) was heavily damaged.
* The beam loss leaded to QCS quench.

The stored beam was steered or blew up suddenly! Reduction of time lag to abort

kicker firing will be effective.

Record of Fast Beam Loss (Data Logger)

BB e P I I e B Pt 1 W Cioryerd B ?P0U9-06-08 91 -28-20 G HD Mo 0

et LM signal start at ~30ps before from abort trigger (40ps before from beam off ). —
o — ma Damage of
- 9. Collimator Head
............................................... =40, B{Emw mumu AR A Ra R R AE AR | Collima

Beam Loss

This collimator was
replaced with new one.

And also,
Rt i e additional collimator will be
o Belle Il Physic Week  Oct. 28, 2019 installed in winter 2019. 21



Delays in Beam Abort System

Beam Abort Delays |n.ikeda

failure is detected--- Beam Abort
I Request :
Device Signal
requests Beam Interlock system to Kicker ] ]
Abort Process Kicker Fired

Beam Dumping
System waiting
for beam gap All bunches

Tiev=10ns are aborted

LER7[JS~17[,IS max 10 u s

e

Synchronization of the abort request signal with revolution
in FPGA. : Max delay=10ps

t1

To summarize the abort request

Hardware dependent
on the beam abort system.

Depends on the optical cable Delay to synchronize to the abort gap(fixed delay) : 4.2us
length from the local control room for LER, 2.8us for HER
to CCR. Delay from CCR to kicker (400m) : 2us

Thyratron ON :1pus

D2 Belle-ll),

10ps for D1, D2(near Belle-ll Rise time for the kicker : 200ns
2us for D7 orD8

Belle II Physic Week Oct. 28,2019 22



B File

#0
L
T e T
L >
AL H!MWHUHHHHH Il HHHHHHHHHHIW H)HlHWHIIMHHHHH\Hm

D

2 Abort Gaps and New Trigger System

Fill Pattern of Train

Eégmiﬂunmuwu||»||u|»||au3un|gmmmmmnnum@mnwmmulumuuuygﬂnﬂmu T

(Bunch Current Monitor) . 520ma, Oct. 18th 2019
| #639

#2559

In order to shorten the time lag to the abort kicker,

e Number of abort gaps was increased to 2 in the train.

e Abort trigger system was improved to synchronize
with the half revolution period.

@O Number of the abort gap is increased to 2 in the revolution time.
@ Multiplied revolution is used to sync an abort request to the increased abort gap timing.

® Multiplied revolution can be delayed with MR RF clock. This allows to decrease fixed delay.

i ' @ Receive an abort request.
i )H‘IHIIHIII|IL)MIOIHH|||||H||HIHlllllliﬂﬂillllHHIIIHIHHHIIHHHMJDIIDHIIIHIHIHHHHH||I|l|4l1l2HUHDH|||HHIIIHIIHll||l4||[Lllolll)|iI)lHIlHI)lIH||H)IMJMH'IIHIIHIIHI|||H ® Synchronize the abort request to the multiplied revolution.
i < ) #5119 © Wait for the abort gap timing with the digital delay. It would be very short time.
G Abort Gap Revolution Period (Trev=10us) -
< 2 S. Sasaki
Abort Gap ! @! | ! ! | I I |
= - i >
Revolution CLK — . — —
@' L Lo I(_Trev/2=5us)I _
Rev. CLK x 2 — - - ’
Rev.CLCKx2 — | O i I
with Delay | ; @i '
Abort Request . — N
Abort Timing @. |
Synchronized @ :
with the Gap : — —
AR
Delay for Revolution 0 ~ 5psec Fixed Delay

Belle II Physic Week  Oct. 28,2019
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Abort Trigger Synchronization with 2 Gaps

ch? : Abort request ch3 : Abort trigger
(Revolution delay = 0 clock, Digital Delay(TD4) = 1 clock)

K|cker

(@ 1.00v & @& 1.00V 400;1 500(;5/ H N —350m v‘ (@ 1.00veo @ 1.00v 400;4 500(;5/ || N —350m V|

[l v 0.00000s 10[\1 10M points_ I] ¥ 0.00000 s 10[\1 10M points_

‘ ‘ ‘ DC ‘ - 350mV ‘ fg;&lzfmg‘ ‘ To ‘ ‘ 350my ‘ 3;};}4%019;‘

Synchronization with Gaps #1 Synchronizatlon with Gaps #2
(at timing of the half period)
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Reduction of Abort Trigger Delay

Beam Abort Delays |n.1keda

failure is detected--- Beam Abort
I Request :
Device Signal
requests Beam Interlock system to Kicker ] ]
Abort Process Kicker Fired

Beam Dumping
System waiting

for beam gap All bunches
are aborted

LER7,us~17,us max 10 us

t%’—“

Synchronization of the abort request signal with revolution
in FPGA. . Max delay=10ps =—>»

t1

To summarize the abort request

Hardware dependent
on the beam abort system.

Depends on the optical cable Delay to synchronize to the abort gap(fixed delay) : 4.2us
length from the local control room for LER, 2.8us for HER e
to CCR. Delay from CCR to kicker (400m) : 2us

Thyratron ON :1us

D2 Belle-ll),

10us for D1, D2(near Belle-ll) Rise time for the kicker : 200ns
2us for D7 or’D8

The delay will be shorten by ~10 us (1-turn) in total.
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Commissioning Plan of Next Runs
(2019 Oct. ~ 2020 June)

Belle II Physic Week  Oct. 28,2019
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Schedule of Next Runs

2019 Sep. 2019 ~ March 2020 2020
September October November December January February March
1 11 21 [1 11 21 |1 11 21 1 11 21 |1 11 21 |1 11 21 |1 11 21
utdown Power line work and MR Winter shutdown
10/15 12/12 9:00 1/16 3/20
Vi BT
9/24 1/6
12/13 28 '1/24 1/31
Now here Power line PO.e
700 mA stored i
Magnet Trouble in the both rings — 2020 Aprll ~ AUgUSt 2020 JEY2020
in the BT line of LER In;. .
(operation break : 4 days) - rApr|I . s . I\/Iayr ! rJune . L ,JU|y . i Augus’g
1 11 21 |1 11 21 1 11 21 |1 11 21 1 11 21

2020-Spring operation will be
concentrated to physics run
to accumulate luminosity.

General goal

Linac & BT

MR Summer sh

* Luminosity goal by the summer 2020

e 2019-Autumn operation will be devoted to increase the peak luminosity mainly by squeezing G,

and to reduce the beam background.

* Peak luminosity of
summer.

is required from the beginning of 2020 to achieve ~200 fb-' by the

Belle II Physic Week  Oct. 28,2019
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2019 Autumn Plan (Oct. ~ Dec.)
Base Plan: By* 2.0—-1.0 |

First 3 weeks are devoted for recovery of machine and beam studies at 3," = 2 mm.

After that,

« Machine tuning is planned in day and swing shift of working day.

* Physics run or vacuum scrubbing in owl shift of working day, and whole of holiday.

B,” will be squeezed to 1 mm by the end of November.
The last week of this run will be machine study (reserve).

~ Oct. ~Dec. 2019 _

- 2019 |

2019
October November December
£ HENN Ul NEENE DREN CRRAN  BEEes B -l BEH
BT Study R Now here
MR '
Owl shift 1 1
Day shift NN DDA DN DOEEN DOEAD OAAD | DEEEAREND
Swing shft I N I I iy i
Machine study 89 < 1 B - B >
Physics run 70 By =2 mm 1.5mm 1.2 mm 1.0 mm
Linac study 12 I I I
Maintenance 3 Detuned optics Back ground study
Vacuum scrubbing Luminosity tuning
< > et
Beam-Beam performance Machine study
Back ground study Reserved

Belle II Physic Week  Oct. 28,2019
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2020 Spring Plan (Jan. ~ June)
Base Plan: By* =1.0

Operation in January will be devoted for vacuum scrubbing, machine studies and Linac studies.
Operation after from February will be basically for physics run with 3,*=1.0mm.
Linac study is scheduled on every Wednesday (1.5 shift)

Jan. ~ Mar. 2020

2020 |
l January February March
1 11 21 1 q1 21 1 11 21
MR
Owl shift
Day shift | 1 ] i ] i | 1
Swing shft | | | [ |
Machine study 26
Physics run 402 £y =1.0 mm
Linac study 63 —
Maintenance 10 Detuned optics Luminosi ty t g
Vacuum scru bbing |
BT Tuning
n
April ~ July 2020
2020
April Mlay June July
i M1 21 M "1 71 1 "1 21 i 11 21

BElIC 11 Fnysic WeeK  UCL. 45, ZULY
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Expected Luminosities by Summer 2020

0

for the Base Plan: By" =1

By*[mm] Beam Current [A] Beam Dose [Ah] Pxl [Pa A]

3000

2.5

1.0E-07

058
2500
2 07 8.0E-08
06 2000
L5 0s 6.0E-08 . ® L e
1500 e 0 ®
. 04 °

= - 4.0E08 o=y
LX)
°

03 1000
1.0 . °
: 500 2.0£.08
0
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Assumptions:

1) Specific luminosity will be proportional to 1/, (in low bunch current condition)

2) Similar background level as 2019 Spring run, with slightly improvement by 50%.
3) Similar beam-beam effects as 2019 Spring run, with slightly improvement by 20%.
4) Beam background is independent of By*.
4) Expecting vacuum scrubbing of LER during operation: decrease in dP/dl proportional to 1/BD.
5) Efficiency of integrated luminosity is 70%.
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Option Plan for 2020 Spring Operation

Option Plan: ﬁy* 2.0— 0.8 ' in autumn 2019

If the commissioning would favorably-progressed beyond expectation.

Oct. ~ Dec. 2019

—l » B A Be: B [ @ @ 2l * B 1 21 [
BT Study -tudy Now here
MR ' * =
Owl shift N 11 B, is squeezed to
Day shift NEANNANNNEE NN N NNEEN NANEN NEEE | DANARNDEED 0.8 bv th d of
ungont NN NNIN ONND DNND DNNED AN | AENNEAAAND .8 mm by the end o
achine stu
Physics ru: 70 By =2 mlm 15mm 12mm 1.0mm 0.8 mm November.

Linac study 12 e
Maintenance 3 Detuned optics Back ground study

Vacuum scru bbing Luminosity tuning
< S

The run of 2020 will be operated with fy* = 0.8 mm
Jan. ~ Mar. 2020

2020 January February March
—l n E - N HE B 21 | BN HEER _
BT Study Linac, BT Study
MR
Owl shift CAEASECENNNEN
Day shift SEEEEEEE NN i i i i U i [l i
Swing shft CEEREEEEN 0 i i [ 0 [ [l 1
Machine study 26
Physics run 402 By =0.8 mm
Linac study 63 le———— L
Maintenance 10 Detuned optics Luminosity tuning
Vacuum scru bbing |
BT Tuning

However, in the present state, the schedule was already delayed due to the BT magnet trouble.
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Expected Luminosities by Summer 2020
for the Option Plan: By* = 0.8 |

By*Imm] Beam Current [A] Beam Dose [Ah]
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Assumptions:

1) Specific luminosity will be proportional to 1/By*.
2) Similar background level as 2019 Spring run, with slightly improvement by 50%.
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0
0 0.1 0.2 0.3 0.4 0.5
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(in low bunch current condition)

3) Similar beam-beam effects as 2019 Spring run, with slightly improvement by 20%.

4) Beam background is independent of By*.

4) Expecting vacuum scrubbing of LER during operation: decrease in dP/dl proportional to 1/BD.
5) Efficiency of integrated luminosity is 70%.
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Summary
e Phase-3, 2019 Spring Commissioning (Mar.~Jun)

Peak luminosity of 1.23x103* was obtained with By* =2 mm.

Recorded integrated luminosity of 6.5 fb-! was accumulated.

Nano-beam scheme for By* =2 mm was demonstrated.

Continuous injection for both rings became available : 50%-increase of efficiency

e Concerned Issues

Beam-Beam blow-up and flip-flop phenomena are observed in beam sizes. Detailed sturdy will be needed.
Beam background is one of the significant problems. Many countermeasures will be required.

HER bellows chamber and BPM connectors in IR were broken in 2019-spring operation. They were replaced
with new ones.

e Improvements for Quick Abort Kicker Firing

In order to avoid QCS quench, abort trigger system was improved, and
delay of Abort request signal to the kicker firing was significantly reduced:
e QCS Magnet Failure Abort Request : 60 ms — 50us
e Abort Gap : 1 — 2
e Synchronization with gap timing : 17us — 5ps

- Plans for Next Operation (2019 Oct. ~ 2020 June)

Goal : Integrated Luminosity of ~200 fb-! by the summer 2020
— L =2~3 x1034 cm2s1 is required from the beginning of 2020

- Base Plan: By* 2.0 — 1.0 in 2019 : Expected L ~ 3 x1034 cm2s-"

- Optional Plan: By* 2.0 — 0.8 in 2019 : Expected L ~ 3 x1034 cm2s-*
2020-Spring operation will be concentrated to physics run.
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Thank you for your attention !
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Backup Slides
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2020 Spring Plan (Jan. ~ June)
Option Plan-2: B,* 2.0~ 1.0 (2019) — 0.8 (2020)

I Oct. ~ Dec. 2019
201 9 October I'\_l;’v*edmber December
ENEN BENNE  BENN NN BENE  BEEN cREN BEReR H - BE N

MR
Owl shift

1] i
Day shift Il il 1IN QA DNNNN OANDN NDSE | NUANAEAEN
Swing shft Il 1N I ) i

Machine study 89 < I =

Physics run 70 By =2 mm 1.5mm 1.2mm 1.0 mm
Linac study 12 N I
Maintenance 3 Detuned optics Back ground study
Vacuum scru bbing Luminosity tuning
—p
Beam-Beam performance Machine study
Back ground study Reserve d

Jan. ~ Mar. 2020

2020 l January February March
B = N> N OO BN | H "N B B

MR
Owl shift

EEER A N
Day shift DNRNNDANANMANNM (NN O I 6 N I N
Swing shft L B U R AT NN N N

Machine study 33

Physics run 395 By =0.8 mm By =0.8 mm
Linac study 63 —
Maintenance 10 Detuned optics Luminosity tuning

Vacuum scrubbing

BT Tuning
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Expected Luminosities by Summer 2020
for Option Plan-2: By*=2 - 1—-0.8 |

Lsp X By* [Xx103Tcm-1s-1]
By*[mm] L [x1034 cm-2s-1] Int. L [fb-1] VS lb+lb- [MA?]
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Assumptions:
1) Specific luminosity will be proportional to 1/8,".
Similar background level as 201b, with slightly improvement by 50%.

2)
3) Similar beam-beam effects as 201b, with slightly improvement by 20%.
4) Expecting vacuum scrubbing of LER during operation: decrease in dP/dl in proportion to 1/BD. 5) Efficiency of integrated luminosity is 70%.
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