Nano-second time scale measurements of the particle arrival times
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At SIS18, spill smoothing was commissioned by bunching the circulating beam with RF cavities using two different

frequencies: at roughly 4.85 MHz (4 circulating bunches) or at roughly 81.44 MHz (with 90 circulating bunches). @L
Tune scan slow extraction was performed. The arrival times of the individual particles at plastic scintillators were recorded using Time-to-  IEAST GOETHE e
Digital-Converters (TDC) with a resolution of about 50 ps. Time structures of the particle arrival times were analyzed and compared for | UNIVERSITAT
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different RF.

Measurement technique  rrmaster . ) Higher frequency Beam: *N”*, 300 MeV/u; RF: ~81.44 MHz, h=90
oscillator Housing . | LED el ater
& Particle counter- e ) ¢ Spill quality evaluations
* ' — . D . * Spill quality is improved by
BC400 plastic scintillator, 75 x 75 mm? long cable ~ 50...300 m uty tactor bunching circulating beam;
- Time-d dent duty factor: VI
area, 1 mm thickness 00 s Ime-aependen N;J Yy 1actor ] 192 _ C_avcl)’?sé_\fo;t.zgesgl[gV] _ o the occurrence Of IdlpS in
< Photomultiplier: discriminator F(t;) = — “”jg\’;iz) 2rr o Ii5 71 time-dependent duty factors
- 106 ricing time- ave(t;) " "std(t) S 5 oat w 1 indicates lower spill quality at
gain: 10°; rising time: 1.9 ns - Weighted Duty Factor: N 5 1C P | q y
. o~ . T C SN F(t) 28 OO -1 aspecific time, Ty;;
¢ Discrimilator: 300 MHz frequency e | _ & ave(ty)” VL Ag. b .
VME | | P - - Fy = 5 04f ~ ‘dips’
o o c M » w % Nave(c) A y. |1 ‘dips’ moves to the front of
** Time-Digital-Converter (TDC): \ Nave(ey& Nigie: 02F extraction while increasing
CAEN V1290N, resolution o, ~ 35 ps G mean & variance during window ¢; o0 et T (o cavity voltages;
ol L] 0.0k -4 * the optimal RF voltage for spill quality, as
g o8 ;'!x-"*-i--.___,___. defined by the weighted duty factor, is
8 07 e e suggested to be 2 kV;
Beam: Art3*, 500 MeV/u; RF: ~4.85 MHz, h = 4 B oob b E .
Lower frequency / /u; ’ ERe N I« agreement with the tendency of the
g0 weighted duty factors while varing the RF
¢* Characterization of the spill time structure S 0af fo & 4 .
aw__ aw %103* voltages, as reported in [3] for bunched
5 !m 120 !m ; TS5 VOO YOO YOO VOO0 U U U O OO OO OO OOt OO T beam slow extraction at lower
* Distribution of particle arrival times NN SR NI A 8 I W WU Y S0P ity voltages V] frequencies.
with respect to the RF cavity (P.A.) o o bl
- Distribution of particle intervals with % i »* Distribution of particle arrival times with respect to RF phase
respect to each other (P.I.) 3 i = 2-dimensional distribution of P.A. with varying voltages
Example of displays of E z N I oneRF-period 3L _
spill time structure (505 V) 200 % PR wrt REDs] 00 pihs ., |0V, coasting beam | 300 V | [ 1kV |12 kV
+* Statistics moments of spill slices extracted with different RF voltages ’ |1 |
= V=505V for bunching in SIS18 = V=0.505,1.136, 3.153, and 12.6 kV . | I
* Standard deviation o of distribution 12— 2 I Il
of P.A. is ~8 ns, which is significantly Zos| TrerspEITIIIRN. o p > | Il
shorter than for circulating bunches <l The| . Voltage=505V § o] e T T e S S ST T
* Variation of o and a drift of the 0 e s -
center of approximately 5 ns Z 6 ewgtrTillIITTTRL e Voliages12600V = > KV 7RV IkV | 13KV
120 18 o 7 TTeee e ST Q
R Max. Pos. 116 %1 32 3 4.5 6 7.8 9 10 = '
~us| 0 I 14 Extraction time [s] X ". _
) S 12 Lu 4 - 1L 1L
g 10z« Evolution of the mean value () and Lt ] It I
EHOI' :2 : standard deviation (o) of the spill , ot : 1 11
%‘éms e slices with different RF voltages. A - : it .
cowws {2) decrease toward the end of spill is ° o 2 4 6 & 10 12 0 3 4 6 & 10 120 5 4 6 & 1o 120 5 i 6 & 10 12
2 4 6 8 . . . - . -
Extraction time [s] clearly visible and understandable. Particle arrival time with respect to RF phase [ns]
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scan slow extraction: about 4.85 MHz for 4 circulating bunches and about 81.44 MHz - I
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= Particle arrival times at SIS18 were measured on a sub-ns time scale and time
structures were characterized. Further investigations into beam dynamics will be

continued.
* The standard deviation (o) for spills extracted from bunching beam is around 2 ns;
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