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Design Goals of BEPCII

Upgrade of BEPC: continues to serve the purposes of both
high energy physics experiments and synchrotron radiation
applications.

Beam energy range 1-2.1 GeV
Optimized beam energy region 1.89GeV

Luminosity @ 1.89 GeV 1x10% cm%s™?

Injection from linac Full energy injection: E;;=1.55-1.89GeV

Dedicated SR operation 250 MA@ 2.5 GeV
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Main Parameters

Parameters Unit BEPCII BEPC
Operation energy (E) GeV 1.0-2.1 1.0-25
Injection energy (Ein) GeV 1.55-1.89 1.3

Circumference (C) m 237.5 240.4
S -functionat IP (81 ,) cm 100/1.5 120/5
Tunes (v v/ vs) 6.57/7.61/0.034 5.8/6.7/0.02
Hor. natural emittance (&) mm-mr 0.14 @1.89 GeV 0.39 @1.89 GeV
Damping time (/7 7e) 25/25/12.5 @1.89 GeV | 28/28/14@1.89 GeV
RF frequency (f) MHz 499.8 199.533
RF voltage per ring (Vi) MV 15 0.6-1.6
Bunch number (Np) 93 2x1
Bunch spacing m 2.4 240.4
Beam current Colliding A 910 @1.89 GeV ~2x35 @1.89 GeV
SR 250 @ 25GeV 130
Bunch length (cm) o cm ~1.5 ~5
Impedance |Z/n|o Q ~0.2 ~4
Crossing angle mrad +11 0
Vert. beam-beam param. &, 0.04 0.04
Beam lifetime hrs. 2.7 6-8
luminosity@1.89 GeV 10*cm %™ 100 1




The Milestones

January 2004 | Construction started

May. 4,2004 | Dismount of 8 linac sections started

Dec. 1,2004 | Linac delivered e beams for BEPC

July 4,2005 | BEPC ring dismount started

Mar. 2,2006 | BEPCII ring installation started

Nov. 13,2006 | Phase 1 commissioning started

Aug. 3,2007 | Shutdown for installation of IR-SCQ’s

Oct. 24,2007 | Phase 2 commissioning started

Mar.28, 2008 | Shutdown for installation of detector
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Collission: e  ring (BER) + e* ring (BPR)
e+‘ ./ SR Operation: Outer ring (BSR)
Phase 1 : IR with Conventional magnets

Phase 2 : IR With SCQ’s
Phsse 3 : BEPCII + BESIII




Beam commissioning Phase 1
(Nov. 12, 2006-Aug. 3, 2007)

o Synchrotron Radiation Mode (BSR) commissioning and
user experiment operation
(2006/11.13-2007/02.02)
(2007/05.25-2007/07.31)

o Collision mode commissioning (2007/02.02-2007/05.25)
. Electron Ring (BER) commissioning
. Positron Ring (BPR) commissioning
. Collision

o Large beam current experiment (07/07.31-07/08.03)

--Reported on APACO07, PACO7




BSR user operation in phase 1

BEPC - Il Status

E- Current(mA)
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— All 5wigglers put into operation
— Beam current 180— 70mA, three injections a day
— Beam lifetime ~7.5 hrs@150mA




Collision achieved in phase 1

100mAx100mA beam collision has been achieved with multi-bunches (20,
50 bunches for each beam).

Wfy Efle Bt ¥
Beam Current (mA)

BER Beam Cusrent (mA}

ndow

|
) -
o ]
F —4
B ey ———
n- = I/ L __‘
‘ 'n' ditoh v 3
E A P |...|.it ! F |
T 1 1 I 1

104.19 109.7

BPR Beam Current {sA)
B et

En
;-;

oty
Loy

i,
agug

i 2
W' L

~100mAx100mA on May 14

OFor single bunch
Estimate from tune shift:
Lum ~5-10x10%° cm?st @ I,=5mA
Estimated from beam size:
c,=489um,
Lum~ 7.8x102° cm2?st @ I,=5mA

o, =16um,

OFor multi-bunch 100mAx100mA
K,=20, 1, =5mA,

Lum. > 1.0x1031cm-2s-1, which
IS the record of BEPC
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Collission: e  ring (BER) + e* ring (BPR) i
SR Operation: Outer ring (BSR) | e

Phase 1 : IR with Conventional magnets
Phase 2 : IR With SCQ’s
Phsse 3 : BEPCII + BESIII

|
= -—-r




Beam commissioning Phase 2

o Collision mode commissioning (Oct. 24, 07--Feb. 1, 08)
. Electron Ring (BER) commissioning
. Positron Ring (BPR) commissioning
. Collision

o Synchrotron Radiation Mode (BSR) commissioning
and user experiment operation

(Feb. 1, 08- Mar. 28, 08)
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The road to high beam current

o Optics optimization : Twiss
parameter corrected to design :
values, orbit correction, etc. "

s
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@ High beam current: Beam dose 5
cleaning vacuum, RF =
conditioning, bunch-by-bunch
feedback, cooling In beam
ducts, etc.

@ High luminosity : tune scan,
collison optimization, single
bunch current, more !
bunches, etc.

As the result:
Beam current > 500mA,
Lum. >1x10%?cm2st
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RF tuning to increase the beam current

Initially, increase rate restrained to
10mA per day.

When the beam current in BER &BPR
exceeded 100mA, the SC cavity (SCC)
tripped often due to its vacuum pressure
raised quickly.

To overcome the problem, a DC bias
voltage was used on the power coupler of
the SC cavity to suppress the multi-
pacting effect.

For longitudinal stable: LLRF tuning
when with current.
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Lum.> 1x10%2cm2s1 with 500mAx500mA Collision

& Tile Bfit Bidw

02012008 08:26:47

E+ E-
wr 19899 18899
83410 533M
g 144 296



SR operation in phase 2
(Feb.25 - March 28)

BEPC - Il Status
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Beam Performance of Collision Mode

1. Optics Correction

2. Injection

3. Instabilities & feedback
4. Beam lifetime

More and details will be in the following talks:
Beam Dynamics Studies in the BEPC-11 Storage Rings—Q. Qin
Analysis of BEPCII Optics using Orbit Response Matrix—Q. Qin

Performance of the transverse coupled-bunch feedback system in
BEPCII storage ring—J.H. Yue
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ANERN

Optics Correction

Measured beam optics functions are in good agreement with theoretical
prediction with discrepancy within £10% at most quadrupoles,

Design nx/ny=6.54, 5.59, measured nx/ny= 6.544, 5.599
Quadrupole strengths systematically 1~2% lower than design set:

1) Quadrupole and sextupole near to each other

2) fringe filed effect.

3) Other origin of these errors is still pursued.
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|njection

To reduce the residual orbit oscillation of
the stored beam during injection

=>set the right timing and amplitude of
the two kickers.

ne delay scan

_Amplitude scan
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Injection (cont’)
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Coupled bunch instability
(transverse)

Tekironix RSA 3303A f2 FREE RUN i

BER-resistive wall, lon (*
" 0.47 dB (43.48 dBo/Hz) 1108.7 dBm (-151.71 dBm/Hz) E
B i
f
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dB/

o
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dBim

Center: 499.8 MHz Span: 80 MHz
Spectrum Analyzer: Measurement Off

Sidebands of the electron beam with
99 bunch uniform filling, spacing 4
buckets, beam current 40mA.
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Spectrum Analyzer: Measurement Off # Span (MHz): 80

Sidebands of the positron beam with
99 bunch uniform filling, spacing 4
buckets, beam current 40mA.
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Transverse FeadBack System

Couple bunch instabilities can be cured with the analog TFB system,
the sidebands of in both BER and BPR can be well suppressed

Feedback ON Feedback OFF

TR 1 e Bkl o MHz Viarker: 59253125 MHz
79,445 dB (120.42 dBc/Hz) 102,69 dBm (-143.67 dBm/Hz) 68.671 dB (109,65 dBcfHz) -95.37 dBm (-136.35 dBm/Hz)
143 -14.3

dBm dBm

10
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114, -114.3 ?
dBm dBm _2
Center: 499.8 MHz Span: 120 MH; Center: 499.8 MHz Span: 120 MH:




Beam life time

OSingle bunch: tgeg~ Tepr

OMuli-bunch @high current: tger>T50r

OPossible cause: vacuum,

F)BPR >I:)BER

? Both 15 and 15, <calculation
=>Systematic studies in future.
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Luminosity Tuning



Collision with BBS

IP bunch size : ¢,=1.5cm (50ps)
transverse : ¢,=0.omm, 6, =5um

Collision in long.

Adjust RF phase=> Two bunch reach
IP at same time (deviation <10ps)

e+ and e- signals on
R4CBPMOO0 (0.539m to IP)

Transverse Scan

Adjust an orbit bump (step iIn
10/1.0 pm) around the IP in one ring,
while observing the beam orbit
variation in the other ring due to the
beam-beam deflection.
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Zero degree Radiative
bhabha process

e"+e >e +e +y

-R=3mm aperture
- Time res. 0.21ns

== Bunch lum.

T TR T T T

ISPB

| Qb
' Qla | _J_ji e
L =
o e ANRGRRG
= :'—l_: e =
E
g ‘ ‘
| L s




Choice of Working Point

@ Beam-beam simulation with BBC code has shown
that the beam-beam parameters of 0.04 and
crossing angle of 11mradx2 are acceptable.
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Tune Scan to find the best working point for high specific
luminosity L/(1+xI-)

BPR- 5.55- | 5.56- 5.57- | .58 | 5.50. | 5.6- | 561 | 5.62: | 5.63- | 5.64 | 5.65 |
65% | 1& | & | 1B B |73 Tl | 1273 139.2] 16604}
6.53: | 108.6/| 1193. | 98.8-| 1054827 | 198.6-| 164.9: 139 99.2:| 84.3.| 811 |
6.54: | 105.7:| 160.8. | 164.8: 1824, o| 1687 172.5. 129#0| 137.8.| 131.8.| 142.8.|

6.55.  B11- 101.6- | 1094 926.7-| 125.6+( 1503 117.3-| 1644 157.9¢| 1192+ 155.7¢)
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657 11294 06 1- T l-| 872+ | 1325 133.4-| 151.2-) 1484+ 1434 13018~ 164.8:)

6.58. | Y3.5. &t blow np. 185.2:| 1024. 114.3.) 1285 ) 1700 136,00 146 |-

6.5% | 13.0.] 1009, |1589] 752 o | mos| uam| o | 404 .

BER-| 535 | 3.36. | 557 | 3358 |35539% |36 |361s 362« 3503  56de | 5650

6.53 | 1318:] 1672 | 1409 1117 ] 1390 1462 1456 o o | 20710 20410/

6.5 | | | 1565 i
vEue | 109- | 1395 164.5-| : - ; & | 285 2

145.2:
6.55 | é0.1o | 1063 | s31.] 902 | 1oa | 1434 1427 L AR

6.56: | o | EH.| £R.| 132.1:] 1655 2058 1986:] £

6.57 | 75.2- | 1433 | 134- | 116.2-] 941 | 1111 12250 D 1665 1707 L2

.58,

A

6.59. 13;.9.. 1?;_3. lﬁﬁ.zﬂ-; 93._In. mlu. ﬁg gc:_1.. o .
Design : 6.54/5.59  6.54/5.59

Scan result: BER: 6.540/5.640 BPR: 6.545/5.636
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Single bunch

collision

Global optimization

v’ x-y coupling: adjusting the local
vertical orbit in one sextupole in
the arc

=>1% coupling gives the best specific
luminosity.

v Dy* < 10mm

=>contribution to the beam size at IP
can be neglected.

Local optics at the IP

Coupling and By* waist were also
adjusted to optimize the luminosity.

11mA><11mA was reached.
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To get uniform filling of each bucket: Fast bucket selection programm

Multi-bunch collision

event timing + Beam Current Monitor

In;.
control
GUI

bunch c

Inj. F

&% File Edit Hindow

BSR Multi_Bunch Timing v3.1 Feb. 2008

02/15/200816:47:17 Help -

— Muld Bunch Inj Control
Injecting Control Method

.~ Top_off Injection
# Inject till all huckets reach limit.

for top_off injection

— Select Injecting Ring
. BER - BPR

4 BSR

BEPCII Status
ready to inject BSR
bkitPatternBSR loaded, 119 buckets.

Bucket Selection Method
& thesmallest the first
- seiuently inject bucket smaller than limit

Start Multi Bunch Inj
Stop Multi Bunch Inj
leload Bucket Patter*

BucketChangePeriod in second

1
4. SE-8

Vacuum Limit

Exit \

Beam Current High Limit {(mA) 120 eGun trigoer is ON

Beam Current Low Limit (mA) 10

for non-top_off injection

Bunch Current Limit (mA) 3 Harmoric Number : 402

Timing System Status
|:

inac Injection Rate : 5 Hz
Bucket Pattern File at

Beam in
the ring

/fhome21/operator/bucket/bktPatternBER
/home21 /operator/bucket/bktPatternBPR
/home21 /operator/hucket/bktPatternBSR

Lock from Kicker Triggering to eGun Triggering
onfoff kicker trigger ==> on/off eGun trigger
4 Enablethelock - Disable thelock

Status Display

BE
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Uniform filling with BCM in mutil-bunch collision

300*300mA luminosity with

300*300mA on BCM
99 bunches

(Bunch current monitor)

/homez 1 foperator/E/ECM/bemrea E
Bunch Current Monitor System .
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On Jan. 29, 2008, 500mA*500mA
L,=143M, L_=1.35M=> L>1x 10%cm-3s1,

" JFreaChart For Time Piots |
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Main parameters achieved in collision mode

parameters design Achieved

BER BPR
Energy (GeV) 1.89 1.89 1.89
Beam curr. (mA) 910 550 550
Bunch curr. (mA) 9.8 >10 >10
Bunch number 93 93 93
RF voltage 1.5 1.5 1.5
Tunes (v,/v,) 6.54/5.59 6.540/5.599 6.540/5.596
*y, @1.5MV 0.033 0.032 0.032
B1B,” (m) 1.0/0.015 ~1.0/0.016 ~1.0/0.016
Inj. Rate (mA/min) 200 e/50 et >200 >50
Lum. (x 1033cm-2s1) 1 0.1
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Further studies on collision

1) Injection improvement: above 7mA/bunch, the injection of
the second beam in collision becomes difficult with slow
Injection rate

=>To investigate better ways for smooth injection and stable

collision at high bunch current: injection on collision or
Injection with hor./vert. separation at |P

2) Improve the specific luminosity of single bunch at high
current
=>Optimization of collision parameters, as tunes, orbits,
beam sizes, etc

3) Improve the specific luminosity in multi-bunch case with
high current

=>Better tuning of TFB on Y -direction
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Specific Lum. Vs bunch current:

The curve is flat below 6mA=>beam size not blow up,

Potential to improve specific luminosity at high bunch current.
35




Beam size at IP designed:
B, /B ,=10m/15cm
o,/ o= 0.4mm /5.5um

Scan Spec. lum. of single
(dashed) and mult- bunch

(solid) vsthe vertica
separation of two beams at | P

1) Single bunch higher
2) o,* [ o,*=0.35mm / 8um

=> TFB to suppress o, for
higher lum.
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With TFB better tuned, particularly on Y-direction,
luminosity can be improved

[ 300mA*300mA(61bunches) O —

J—ll_—_l-l' e

LU
o2
H
A
8
P
P
P
Fe
Fi
i

Feedback off Feedback on

37




HIGH CURRENT ISSUES
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1) More than 1000 thermal couplers used
2) Display in colour according dangerousness. green, yellow and red.

3) In most case, the temperature rise (SR) => flux of cooling water adjusted
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1) Some capacitors will be connected in parallel to improve
the RF shield.

2) Improve the local cooling capacity
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e L
HOM heating of 1n vacuum wiggler
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Col. mode

SR mode
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Beam position measured by some BPM appeared sensitive to the beam

current=> transverse wake field, as TE;, mode?
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Pressure (E-10 Torr)
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Nonlinear increase of vacuum pressure in BPR

-_ » Thethreshold depends on the filling pattern.
= > This may due to beam induced multipacting
= Inside the beam pipe and can be one cause of
= the higher vacuum pressure in BPR.

» Solenoid winding may be helpful to ease the
problem.
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BACKGROUND

o Experimental studies have been carried out to study
the radiation dose around | P as well as the way to

reduce the background (D. P. Jin, C. Zhang)
e The main conclusion:

— With the injection optimization the dose rate in the IR
gets acceptable for the BESI 1| detector

— With collimators and masks, the background in the
detector during its data acquiring could be well controlled
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R
SUMMARY

O The optimization methods to achieve high current as well
as high luminosity have been practice systematically.

O The beam current has reached more than 1/2 of design with

no disastrous instabilities, and most devices performed
stably as expected.

O However, there are still ot of issues for further studies such

as to improve the specific luminosity at high beam current,
to understand the beam |oss mechanism, and so on.

O The detector is being moved into the IR this spring, and the
third phase commissioning is scheduled in early June. To

Improve the luminosity while control the background
acceptable for data taking is still challenging.
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Thank you for your attention

48



	The Second Phase Commissioning of BEPCII� ��J.Q. Wang  for  BEPCII Commissioning Team,�Institute of High Energy Physics, CAS��
	Outline
	Design Goals of BEPCII
	Main Parameters
	The Milestones
	BSR user operation in phase 1
	Collision achieved in phase 1�
	RF tuning to increase the beam current
	Lum.> 11032cm-2s-1 with 500mA500mA Collision
	SR operation in phase 2� (Feb.25 - March 28)�
	Beam Performance of Collision Mode�
	Optics Correction��
	Injection
	Injection (cont’)
	Transverse FeadBack System
	Beam life time
	Choice of Working Point
	Multi-bunch collision��
	300*300mA on BCM (Bunch current monitor)
	On Jan. 29, 2008,  500mA*500mA �L＋＝1.43M，L－＝1.35M =>  L>1  1032cm-2s-1.
	Main parameters achieved in collision mode
	Further studies on collision 
	With TFB better tuned, particularly on Y-direction, luminosity can be improved
	HOM heating of in vacuum wiggler
	BACKGROUND
	SUMMARY

