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. HLS Il updated project

Project schedule:
2010.8-2014.12

Investment:
189.78 million yuan
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O Full energy injection
with 800 MeV

O Emittance of the storage
ring: <40nm-rad

O 6 inserts installed in
eight straight line.




@ HLS 1l structure
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> Injector:
» Consisted of LNAC and beam transport
line
> Accelerated structure : gradient acceleration
> Injection energy: 800 MeV

» Storage ring:
> Beam energy: 800 MeV
» Emittance: 38nm-rad
» 8 straight line with 5 inserts




@ Operation situation

» Operation time: 9.1.2015-7.31.2016
» Operation mode: Continuous Operation with stages
> Beam Current: ( 300-360mA ) Attenuation mode

Time distribution

Total
Operation _
time Running Machine Injection Routine Deb
time research adjustment | maintenance epug
Planned time | /g 2882 840 262 264 | <212

(hour)

ACtUoian® | 427455 | 307413 | 8534 | 123.86 | 19292 | 3053

percentage 71.91 19.96 2.90 4.51 0.71




@ Accumulation time of offering light

700

600

W H )
o o o
o o o

Monthly User Time (hr)

N
o
o

100

Bl Planned monthly
B Actual monthly

- Whole time planned : 4752 hour
. Achieved time : 3074 hour ~  _

i -O‘—Acc‘u. User Time ‘
o """"""""""""""""""" 3’T'ot':' planned i"se ii'm'e‘
! |

Jan Feb Mar Apr May Jun Jul Agu Sep Oct Nov Dec

Time (month)

7000

6000

5000

4000

3000

2000

Accumulated User Time (hr)

1000



Beam diagnostic system of the storage ring

i Synchrotron
|

g radiatoion

— ERER Subsystems

Synchronous
10  excitaton \njection

light imaging 3
chamber 11 monitor 1

Beamljpes”

Machine
study
beamline

»Beam position measurement

Q28
Q7

e »Beam orbit measurement

Transverse
kickr 12

B7 2 Stripline

»Beam current measurement

Stripline kicker
kicker
Q26 9 ® BUTTON BPM 32 Q7
o 0 bects . »Tune measurement
Stripline & B BPM 3 S
| o Stripline & Button BPM > Synchrotron radiation parameters
i &) Transverse + Stripline kicker 2+3 measurement
. #2 Longitudinal excitation chamber 1
oz Tsﬂapefl % > Digital Bunch-by-Bunch feedback
o £ Injection monitor, 1 o SyStem

=== DC cleaning electrode, 32

> Injection monitor

STRIPLINE
kicker

(RF CLEAN) » Beam loss monitor

Stripline &

Button BPM Stripline & Button BPM Q14 3
Q20
Q19 DCCT > ]
: 2 "4 3 beam diagnostic
Q18 Q17 Q16 Q15 N
stations

Layout of the storage ring



BUTTON
BPM

FCT Stripline BPM

Diagnostic station Libera Brillianceplus BPM offline calibration platform



. BPM system
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BPM system structure for the HLS Il
electron storage ring.

The main functions and performance of the BPM
system :

1. Beam closed orbit measurement: resolution 1um;

2. First Turn beam position measurement: resolution 50um;
3. Turn-by-turn position measurement: resolution 15um;

4. Storage ring closed track correction and feedback: closed-
circuit stability to 10% of the beam spot size;

5. Beam Based Alignment (BBA): technology for quadrupole

magnetic center measurement, to find the optimal reference
orbit.

IOC embedded in BPM processor is used for
platform management and algorithms application

and it supports EPICS protocol.



Button BPM

The transverse normalized electronic position signal of the
beam is denoted as (U, V), corresponding to the horizontal
and vertical directions:

] :(QA+QD)_(QB+QC),V :(QA+QB)_(QC+QD)
Q) T Qe Qe Qe+ Q)

(a) Schematic diagram
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Sx=0.0498 mm1, linear deviation 5% at x=5.45 mm
Sy=0.061 mm-L, linear deviation 5% at y=7.2 mm

(Qua+Q) (Qa+Qs)
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(b) Electrode assembly

Button BPM of the HLS I storage ring.

U

parameters values/mm
Button diameter 10 -
Button thickness 2
Gap between button 0.3 1
and chamber

Sx=0.0996 mm-1, linear deviation 5% at x=7.25 mm
Sy=0.1222 mm-1, linear deviation 1.8% at y=10 mm



BPM processor

Bergoz MX-BPM Analog Electronics Libera Brilliance
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Architecture of Libera Brillianceplus. Interface of the BPM control system and OPI for one module

Four modules in one machine, better optimization algorithm. of the Libera Brillianceplus coded by edm.

DATA MODES: ADC, TBT, FA, SA.



. Beam based alignment
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‘ Beam closed orbit feedback system
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‘ Closed orbit feedback stability
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‘ Tune measurement (1)

Button BPM

Button BPM

b Tune measurement by interpolated Tune measurement by interpolated
Tune measurement by FFT. FFT. FFT of one bunch.

ve=0.4512; 1y=0.3687. wx=0.4512; 14=0.3682. tx= 0.4505; 1y=0.3683.



Tune measurement (2)

When beam is injected into the storage and bunch-by-bunch feedback
system is closed, beam itself is unstable, we can obtain the tune directly by
analyzing the beam position data sampled by Libera Brilliancepluse without

additional excitation .

0452

045191
=

045181
04517
04516
04515
04514

045131

045121

04511

-G-8

0.451
0

100

150

200

Cument (mA)

250

0372

03725
pre
T oaref
0.3715
0371
03705
037
0.3695 -
0.369

0.3685

0.368 -

a0

B o

G4

To—oa o0V

50

100

150
Current (mA)

200

Tune x and tune y change with the injection beam current.

Avx =0.041, A vy =0.052
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The tunes of x and y have a drift during the injection. Generally, it requires that the drift range
must avoid the resonance line at least below third order, otherwise it will cause the beam

oscillation and affect beam stability.



Offline measurement of the electrode gains

The quadrupole component for axially symmetric stripline BPM
with difference/sum method:
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Q,: Non-zero component. Because the horizontal electrodes’
distance differs from vertical electrodes’.

The electrical position (Px, Py):  Tungsten wire: ,= o, =0.2 mm

Fr = (Ve — WVL}/(Va+ W) = Szz0.
Py = (Vo = Vs)/ (V7 + Vi) = 540

The cross-section of the stripline BPM .

o) e P " 0.02 /v
02 /,, 02 // o i
WHY WE NEED TO MEASURE . ; s /
| Pi=0.0773 X e S o
ELECTRODE GAINS ? | e | A |80
Y 7 T 00| - @m0 00(AISF(AISY]
. “ 8

The response to the beam will vary among the four B T e e T T T e e |

electrodes due to differences in electronic gain and
misalignment. This variation in the response of the
BPM electrodes will couple real horizontal offset to
apparent vertical position, and introduce spurious
measurements of coupling and vertical dispersion. To
alleviate this systematic effect, a beam based
technique to measure the relative response of the four
electrodes has been developed to calibrate the gain.

D. L. Rubin, et al, Beam based measurement of
beam position monitor electrode gains.
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Online measurement of the electrode gains

L7785

2or ¢ Daa
1.5_..000000000000000000 _ul_l,su__ltﬁng
®0 00 06000 00 006 06 0000 0 00
10F oo e 0 e0 00000000 oeoaose 0785 - Qﬁ=0.79?1+0.0011X;+U.0005X0
EOS— OO0 66 0 06 06 6 006 006 0 0 0 0 0 0 0 o0 05
;cl o0 © &6 © 06 0 6 0 060 006 0 06 0 0 0 00 T
OO ee 0o 06006 006 060600060000 000 o795 b
o0 © 06 06 ¢ 0 0 © 0 06 0 &6 0 ¢ 0 0 0 oo
[ 1 1 1 1 1 1 1 1 2800 : : I : : : I I
L ) 3 2 -1 0 1 2 3 4
3 2 1 0 1 2 3 4
X_fmm
X, /mm d
: . Relationship between and x, when beam was
Local bump method can be used to move beam in a grid of a P . Qux 0.
. . - : moved on the horizontal center axis
certain range in the stripline BPM and four electrode induced
signals at each grid point are obtained. When beam current According to the fitting relationship:
was 25 mA, Beam positions in the stripline BPM (HLS 1l SR-
BD-STLB1) produced with local bump. Q, =-0.7971-5, (O'f — 0'5) =-0.7979

(0, 0,): (0.827mm, 0.036mm)
Merit function to be minimized:

gRVRi+gLVLi_gTVTi_gBVBi_ j_c.s .
i i i ix0
S AT AR ’
x ZZ I [ i\2 i i\’
i=1 [ 1 Or R_gLVLj _[ 1 gTVT_gBVB] +o0l -0

Sear GVrTOV ) (S, s V7 + 05V,




Electrode gains result

The results of online electrode gains measurement
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The fitting results for raw data and corrected data based on

Results comparation between online and calculated electrode gains.

offline calibrated gains

N The data corrected by online fitted

CUITSIICC IO 104 = 09 098 1.02 gains is linear and passes through zero.
Online and offline calibrated electrode
gains are compared and the results are
Offline fitted gains 1.07 0.96 0.96 1.02 basica"y consistent.




« The BPM system play an important role in the beam diagnostic system, and
the Libera Brilliancepluse processor play an important role in the BPM
system.

« Many researches had been done base on the BPM system, such as tune
measurement, Beam Based Alignment, BPM electrode gains measurement.

« We hope that more new products manufactured by Instrumentation
Technologies Company will help us to solve more beam diagnostic problems
and do further researches.
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