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Abstract

Tune is a very important parameter for storage ring of advanced synchrotron radiation facilities. At present, fast Fourier transform (FFT) is the core
algorithm of the beam spectrum analysis used in tune measurement. Taking into account the nonlinear effect in the accelerator, fune changes during the process of
storage ring injection and booster energy upgrading. However, the Fourier method is used to analyse the global sampling point, and the ability to distinguish the
local variation of the tune in the sampling time is poor. This paper leads wavelet analysis method as the core algorithm into beam spectrum analysis method, further
analyses the change of the tune with beam amplitude in sampling time, and compares this new algorithm with the traditional Fourier method. New experimental
results and corresponding analysis for the data from SSRF will be introduced here.
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Algorithm Evaluation

N=100

Y Te waveLer | | o P OT
< FET e 'fEui oF ;ﬁh T
i True Value | M"’_ :'r_lﬂ_}’.':ll Lo - |
: e - a w104 Meaurement error with turns
-"'.-‘“} '15 T T T T T r1 A
& 5 ] ] ' ' WAVELET |'I
s . 103 - - - - - At WAVELET| - it | n' it
Bl 100 O WAVELET | | |
> N=200 E 9 S .1.02t 05 "'J Am 1! I I| | '1
§ e | | -"‘P‘“ q:.hrjl;ﬂ E O E i T O i Wy (SN M, SR e W e i { AN AN r’ koY .'|.-=' L..." ¥ !1' y Ir'.-"r
3 fﬁmﬁpa;ﬂ' e = & E 104l | | | | = 4 0 1000 2000 3000 4000 5000 6000 7000 B0OO 9000
% U 2200 s oo oo s WMKKK};K xxxxxxxxxxxxxx ] g 10‘5 o E twrn
H i @ R i <104 Meaurement error with SNR
[ K E O (] -1.06 | 7 1.5 - T T T T
S 022 ek ! ! ' D ©..06 = WAVELET
0 10 20 30 40 50 E 108k ] 1 7
N=500 0.5
o | | 0o ¢ i i ' ' ' ' ' -1.1 ' ' ' I | Jh’uw. e i e e
=5 0e 0 100 200 300 400 500 0.2 0.202 0.204 0.206 0.208 0.21 ;
0.2205 §8°, ] analysis length frequenc * e ED m = ™ e i >
KKKKKKK ; I:}-'_{.I ﬁ H > H b H e H b3 q }ll SHR
o o,
56 -
022 ——C '
0 5 10 15 20
data index
. . The relationship between test
The relationship between test results results and analpsis length Test Its and fi d d The relationship between test results and SNR
. . CS1 ICSUlIls anad I1requcnc cpenacnce
and the number of sampling points 4 5 9 y aep
(morlet wave)
Application in SSRF Storage Ring Application in SSRF Booster

HorbUA/E a0, N84 AE oy Bl BRI B O 0 iR g et o , _ Morlet WAVE=50, N=16384 10" Morlet WAVE=300, N=16384 x Morlet WAVE=500, N=16384 . Morlet WAVE=900, N=1634
- . | 03 ' 03 ' :

0.224
@

0.226

0.228

23
X 0.23
2000 4000 6000 8000 10000
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000 2000 4000 6000 8000 10000

turmns Foms tums turns
02255 r Worlet WAVE=120, N=16384 : Morlet WAVE=300, N=16384 Morlet WAVE=550, N=16384
Morlet WAVE=50, N=16384 \ " " 0.22544 |
‘ . A

| [ ° LY, fl II|| )'Il I| A u'n' |III II| f |III | | e / ‘Vﬁ\ /\,’h\a’ﬂ\
| | \ . |1 ‘\ I ||||'“| ‘P | VR L 022841 i \ : ' ' 2000 4000 6000 8000 10000 12000
bl l' ‘} ‘ | 0.2254 '||| |' |“||l |J| HH ‘“ ., 0.22538 [V “U _ 022538 | / 2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10OCO 12000 2000 4000 6000 8000 10000 12000
m I!Jﬂ WLHV\'.“ IIM]MJ M"' *ll] ~ ‘ ‘ I ik ” |‘||”‘
| i
|
|
|

= T - W turns turns turns
0.22535 | | | [ | , M 022536 N = (| , tims
f || |||
|r'\|
ﬂrﬂ I
02253 || | U

| ' = = Morlet WAVE=500, N=16384 10" =850 N=
022534 0.22534 03 Morlet WAVE=50, N=16384 10" " Morlet WAVE=300. N=16384 | Morlet WAVE=850, N=16384

0225321 pn/ 022532 |
A
0.22525 0.2253 k : : - : 0.2253 | : :

0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

turns turns turns

s = Morlet WAVE=300, N=16384 Morlet WAVE=550, N=16384
Morlet WAVE=50, N=16384 02255 ¢ e e 022544 ¢ 0.22544

0.22542 0.22542
0.22545 ¢+
0.2254 | 0.2254
0.2254 022538 o 0.22538
0.22536
0.22535 ¢

0.22532 1

022525 A . . . . : i . 0.2253
2 2 : : 4

Tune during the 1njection increased from 0.22530 to 0.22543. After replaced the
horizontal axis with the bunch amplitude, it can be seen that as the amplitude decreases,
tune increases approximately linearly. When the amplitude 1s 0, tune 1s corrected to
0.22542. Compared with the original correction of 0.0001, this 1s very meaningful.

It can be seen that the changing trajectories of tune in the horizontal and vertical
directions are clear. Among them, the transverse tune increases unidirectionally, and the
vertical tune decreases first and then increases.

Conclusion

* The simulation proves that the morlet wavelet algorithm can measure the time-varying tune. When the data analysis window is selected as 100 cycles, tune
change as small as 0.00001 can be detected.

* During the period of storage ring injection and booster's energy upgrade, tune has obvious change. By applying the morlet wavelet algorithm, the complete
trajectory of the tune drift during the booster's energy upgrade process can be tracked.

 This new algorithm can be used to perform undisturbed tune measurement during the top-up injection period for SSRF, which provides an effective tool for
the beam instability research and performance optimization of the accelerator.

IPAC'20, Sep. Brazil A7 FORIE LB B

SIN AP Shanghai Institute of Applied Physics, Chinese Academy of Sciences



