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&JJJ Outline

* Motivations for PSB MD at 160MeV

« PS Booster MD for the PTC-ORBIT code benchmarking
© Computational tools - PTC-ORBIT code
© Resonance observations for PSB at 160MeV
© PTC-ORBIT benchmarking results

© Extreme space-charge detuning (first attempt)

Basic plan for nearest Mds

* Summary
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LJJ Motivations for PSB MD at 160MeV

LINAC2 (p* 50MeV) - LINAC4 (h- 160MeV)
PS Booster 2> wm =160 MeV
.. very confident to run with AQ, ~ -0.3 (and reasonable hope for AQ, ~ -0.36)

- PS> W, =2GeV
.. very confident to run with AQ, ~ -0.26 (with reasonable hope for AQ, ~ -0.30 with
180nsec long bunches)
SPS (Q20 lattice)

... present assumption is to run with AQ, ~ -0.15
.. need to increase AQ, ~-(0.20 ... 0.29)

i 25 ns PSB inj PSB extr/PS inj PS extr/SPSinj SPS extr/LHCinj LHCtop
Energy GeV 0.1 2 26 450 7000
O Nb 1 1 72 268 2808
0 Ib [ell p+] 33.2 33.5 .7 2.4 2.2
Ibin LHC [e11 p+] 2.9 2.8 T 2.4 2.2
Exyn [mm.mrad] 1.9 2.0 2.1 2.3 2.5

B;=0.4 > AQ, ~-0.25
B=0.3 > AQ, ~-0.37
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lJJ Motivations for PSB MD at 160MeV

LHC25 beam

¥ Moderate space-charge detuning (4Q, ~-0.25)
- check the estimated space-charge detuning
- observation the INTEGER and MONTAGUE resonances
= benchmarking the measured and simulated emittance evolution
- effect of the linear coupling resonance [1,-1,0]

¥ Extreme space-charge detuning (AQ#, ~-0.40)
- LOW-loss operation at the energy 160MeV
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lJJJ PS Booster:

MD for the code benchmarking
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... with Steven Hancock

- Taken into account the space charge effect in the longitudinal plane
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~ 2.8 turns MT injection

Horizontal profile: ‘IN’ scan
Vertical profile: ‘IN’ scan

Single bunch intensity
- ~165x10"%ppb

Normalized 1 Emittance

H > ~ 3.4z mm.mrad
V =2 ~1.8n mm.mrad
Q,=4.23 Q,=4.42
Estimation: B,=0.25 2 4Q, (Laslett) ~-0.4 C\w
SZ.A
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Computational tools

PTC(MADX)-ORBIT code, developed in collaboration of KEK and SNS.

Main features of the code:
- common environment for the single particle and multi particle
dynamics, including the collective effects (space-charge, impedance
and e-clodes);
- dynamic variation of the machine elements (magnets and RF
systems).

The code has been compiled for the CERN Ixplus cluster.

Convergence study has been performed for the LHC type beam to define
the optimum set of the basic parameters for the space-charge model (2.5D),
implemented into the ORBIT(MPI) code.
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lJJJ PSB MD: resonance observations at 160MeV

MD#2 i
B, ~ 0.40, N, ~ 170x10™0 LHC25 type beam (B~=0.40)
N = 2.8 Q,=4.10,Q =4.21
gy(norm) ~ 3.47 mm.mrad

Footprint after 1000 furmnms

‘LHCZS’ type beam &y (norm) ~ 1.8T mm.mrad

Vertical RM 5 Emittance
Q, =4.10, Q, =4.21 y
Horizontal RMS Emittance =1
: 1 —— ! i -
58 2. - ah
2 £ w7 M
= 58 = n A wn -
E - 54 \ ) - = = e - = = , (F_l, : \
w E b5 1+ 14 [T J/ (] .,-"'f'
g E 5 Beam Intansiy e ' E .
E B 2 o‘. = 1. i
E 48 ... for the code benchmarking — = "
£ 4.4 1 :..r Eﬁ is | A8 A FJ F. L
42 \ g
: A\ i
400 450 500 550 00 850 fe
Time [msec] =5 PTC'ORBIT
\ b
~ 50 msec = - - =~ Q = Maximum detunning:
—— x —% AQ =-0.16

Effect of thQ INTEGER resonance Q,=4 (sys@ AQ, =-0.24
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lJJJ PSB MD: resonance observations at 160MeV

MD#3 B
By ~ 0.40, N, ~ 170x101 W, = 160MeV
ﬂmg =28 LHC25 beam
gy(norm) ~ 3.4n mm.mrad B, ~04
'LHC25' type beam  &iem-ismmmas | 6=s70/0,2s2
B sam ints nsity
Qx=4.18 / Qy=4.23 = i L |
= = e
w 34 £ 166 |
: « » ;- ’
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Ew 22 { T 7 N
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E 2 23 #1 * T ([ExsEyy2 | -\'., ra"f ! 4
.E L 23 ] -
E o & #2 | o
2 X \Y E #2 »\
.'3_5400 450 5’;30 5‘50 gfs % +Y % {
Time [msec] o
: 2Q,-2Q, =0
2°m 0 ] 550 00 (=] y
... for the code benchmarking Time [msec]
PTC-ORBIT
Effect of the Montague resona(ce 2Q,-2Q,=0 > JFIRST trial
#1 - exchange of the H & V emittances
#2 - increasing the V emittance
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PTC-ORBIT benchmarking results

MD - Beam characteristics — longitudinal

X Mathematica Graphics: Out{1] -ax
Tt o)
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Simulations - Beam characteristics — longitudinal
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PTC-ORBIT benchmarking results

I S ———

49 v

#0
#2 4
#1

#3 e

Effect of [1,0.4] resonance

LHC25 beam
B, ~04
Q. = 4.10!53}, =4.21

W,., = 160MeV

#0 = measurements
#1 = ideal lattice

#2 #3 = lattice with RANDOM errors {6K1},,,
#2 - 1Sigma = 1.0<102 (relative value)
#3 : 1Sigma = 5.0x10"3
Gaussian generator (no cut)

Courtesy V.Forte

Acceptable agreement between experimental
data and simulation results (LHC25 beam)

Maximum random error of the PSB

auadrupole magnets ~ 1.0 x 10 (1)
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LJJ PTC-ORBIT benchmarking results

Effect of the Montague resonance [2,-2,0]
#0 = measurements
#1 = ideal lattice

#2 #3 S lattice with RANDOM TILT of {QM}
#2 - 1Sigma = 2.17x10° rad

#3 - 1Sigma = 4.28x10°® rad

Qx =480y =423

23 Gaussian generator (no cut)

a1 S, ' #2-3 &y qus (NORM)
T T — #1

: i t#0

E 3
% s (st8,, )2
5 #2-3 . T #0

E e

&y s (NORM)

1 e Courtesy V.Forte

Time [ms]
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LJJ PSB MD: resonance observations at 160MeV

MD: extreme space-charge detuning

AQy ~-0.4 (LHC25 beam)
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Q,=4.23
Q, = 4.42

— Observation at 160MeV: losses < 1%
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JJ PSB MD: resonance observations at 160MeV

MD: extreme space-charge detuning
AQy ~-0.4 (LHC25 beam)

B, = 0.241, N, = 1491010

WITH resonance compensations, used
for the PSB operation

B, = 0.241, N, = 149>10

Horzontal RS amittance:

=

i
[I=]

i
L&)

=

(R T R 1
LI = L}

pl.mm mrad]
[
o

f
+il

Mormall #d RS emitnce

i i
k3L

el
-

ra

g
&
@ |
&
2

Mormall 2ad RMS Emitance

i

. H.mm.mmd]
B

Verfical RMS Emittance

B

w

=
=

wk
m

-
1]

B

Time [mssc]

— observations should be reproduced by the simulations ...
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lJJ Basic plan for nearest PSB MDs

s Tune scan at 160MeV for different space charge detuning by using
the LHC25 type beam ...

#s Observation of the emittance evolution at the 50MeV energy
including existing schemes of the resonance compensation to

collect information for further simulations...
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lJJJ Summary

¢ Effects of INTEGER and Montague resonances at the 160MeV
energy has been investigated experimentally to collect data for
benchmarking the PTC-ORBIT code.

¢ Benchmarking the PTC-ORBIT code demonstrates acceptable
agreement with the beam observations for the moderate space-
charge detuning (V: -0.25).

¢ The first attempt to use the 'extreme' space charge detuning at the
160MeV energy indicates some promising possibility to reach the
space charge detuning of (V: -0.4) with limited emittance blow-up and

acceptable particle losses.
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THANK YOU FOR YOUR ATTENTION!
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