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Old 2018 simulations[2]: RFQ&MEBT&DTLs

60

50

40 -

30 |

20

10

0

RIL Study: Directions and Status

S.Y.Tan (Jun/2017):

« Beam transmission in RIL is rather poor during normal ops [VK:~40% (25mA/60)]
* the best (transm.) efficiency that was seen just after installation (Jun/2013) was 65

mA at L:ATOR and 36 mA at L:TO1IN

(2013-tests: IRFQ->40mMA measured)

e The goal is to improve transmission (at 28mA @L:TO1IN)

Feb-2018 discussion: “beam quality” (W.Pellico) => VK: “lbeam=f(€norm)” along LINAC
Mar-2019 K.Seiya PS(Linac): need for 30mA @ Linac exit (Beams-Doc-7330)

Derivative dl/de always drops along linac!
Realistic fields in RFQ & MEBT with CST/PS
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MEBT: 4Qs+4HD+4VD+2RF-gaps 2



Refining simulation model for 4-rod RFQ

Refined RFQ model: | exit ~40mA @ linj =60mA (~67%)
- very near to achieved experimental maximum ~ 40mA !!!

Model refinement includes:
« Calculated effective RFQ acceptance (set of RF phases) [4]; a really matched

beam (while E=5XErms, not 6 as Gaussian &£ 95% =6 X &€ rms)
 Size of simulation area adjusted (increased) to take all injected patrticles
« Even slightly higher lexit with electrode voltage coeff 1.1 & Winj=37mA

RFQ exit: UL 1.0 ij 35keV UL=1.1 Winj=35keV UL 1 O ij 37keV
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To understand RFQ - need to simulate dependence on RF power & Winj beam

V.Kapin, RFQ, May-2019 3
RFQ: &ms,x&y growth ~20%.



4-rod RFQ exit: phase spaces with RMS-ellipses
Phase-spaces {X-X}; {Y-Y}; {X-Y} & {dPhi-dW} and NxRMS ellipses (N=1,6,10)

Emittance dilutions: &ms,x&y growth ~20%; many particles outside of 6XErms
(exactly =95% for ideal Gaussian)
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(Bad) beam quality vs rms-ellipses with 3D plots - 1

Usual dot plots could not visualize density; beam core (left) and beam halo (right)
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(Bad) beam quality vs rms-ellipses with 3D plots - 2
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JAERI RFQs: Beam Transmission vs Prf

Several (~4) RFQs (4-vane) built and studied at J-PARC since 1990th

Important: there beam toroids at RFQ entry and RFQ exit

Example: Comparison of RFQ simulations vs Measurements

--«- 70mA simulation
—e— B68mA experiment Dec.2018
-=+- moved by +4%

RFQ transmission{%)

ol 14'_1'3 12 1-1I?

RFQ tank Ievel("'}n)

Prf — the most important parameter greatly affected on RFQ beam parameters;

It m rrectly tuned !
t must be correctly tu V.Kapin, RFQ, May-2019 7



CST Simulations: “Matched” Beam vs UL (RF-power) for 60mA
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Exit beam vs UL: means and rms of coords

Mean: X=+0.5mm Y=[-1.8;-0.8)mm X'=[-8;+5]mrad Y’'=[-8;-15]mrad
W=[-33;0]keV  @L[0+80°]
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(similar to plot in Tan’s paper)
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{X-XP} & {Y-YP} evolutions vs UL=0.8,0.9,1.0,1.1
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{X-Y} & {Phi-dW} evolutions vs UL=0.8,0.9,1.0,1.1
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Experlmental study VS Prf (~ UL"2): TO1IN current

MEBT
|S:  BLEBT RFQ _
Prf=var. param 4Q & 8D=const
35kV 2 SOL p Suncher.
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COntour Plot of L:RFBPAH vs L:RFQPAH
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Experimental study vs Prf (~ UL"2): TO3IN current
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Opt RFQ phases via Tr.=I3 / I1 with Contour Plots (1)

lLlL R TI TET D E T

L:TO3IN Contour Plot of L:RFBPAH vs L:RFQPAH
Wed 20-Mar-2019 08:39:16
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| RrQ VS UL dependence (Simul vs experim. )

20190425 Meas_ImA_vs_Prf
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sLooks as our Prf=180kW (UL=1.0) is close to nominal RFQ electrode voltage

eLower current at 200kW(UL=1.05) — could be explained as

“MEBT is tuned well for nominal Prf=180kW, and not tuned for 200kW”
V.Kapin, RFQ, May-2019 16



Compare experimental with Phi_mean vs Prf

Typical Ideal V*cos(¢)=const  ENAL 4-rod RFQ CST/PS-simul (Winj=35kV) and

20180423_Phi_vs_P._ideal Experim. data by 3D-13 and Transm. Countor Plots
0
i q\ 20190520 Phi_vs_Prf_4rod_RFQ
510 \ 100 —{— dPhi_mean_deg_simul+20deg
A deg o} —— Phi_20190320_deg_@I3max-100deg
\E* \ —&— Phi_20190320_meas_Transm_MAX-115deg
-20 \ 80 \\ —— Phi_20190320_meas_Transm_MEAN-126
\
Y o k
30 AN \\ \\\ /
" 60 N\
pe \]\g N
-40 l
e \
~ 40 N _
-50 e WA i [ ) ’%
~/ N
N~
-60 20 —
120 160 200 240 280 e e
P=180*Vcoeff?2 P=1 80*Vcoeﬁ:/\2
0 N O I D O I
100 120 140 160 180 200 220 240
d(p/dP decreases Let’'s assume 180kW => UL=1.0

vs Prf V.Kapin, RFQ, May-2019 17



Conclusion

 Refined CST model is close to max exp. RFQ beam current

e Comparison of simulations & measurements of f (Prf)
suggests that Prf=180kW is close to a nominal value

* Might be post-processing with “contour plot centers”
provides a better RFQ phases to match into DTL1-2 (?) =>
avoid possible coherent beam oscillations within separatrix
which may cause emittance growth

| Rl e .

g
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-
!jﬂ ! LP
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~ I

V.Kapin, RFQ, May-2019 18
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Further Plans

define corresponding sets of “solutions” for MEBT Quads
gl,..g4 — for every UL & Winj => a guide for “manual” tuning
simulations for updated MEBT at UL&Winj-variable (+ Bill's
collimator at DTL entrance) => “schedule” of beam losses

Consider a possible mechanical & magetic (PM)
compensation of vertical beam centroid offsets (RFQexit)

y, cm [3

0.8

0.4

0.2 _
o &
02 F
0.4

06 [

-0.8

] MEBT: steering by Quads and D-correctors

Gglﬁ

51

5} ;
Q1 Q2 E 5 Q3 Q4 Emitt j
D1 D2 z15 D3 D4 probe ]
E— E— m o — FE—
L L e o (o] | _
/“""-.___
- -
= >
/JJ B e e =
DPRO S, s
P
l’f’
- -
~ 3,
e JJ
-

™ =0=Y_cm@(Quads&RF=0N; Dcorr=0FF)
' == Y_cm@(Quads&RF=0N; Dcorr=optimal)

1 | s | L
0.4 0.6 08 Zm

V.Kapin, RFQ, May-2019

Vert offsets Yc&Y'c @ RFQexit:
 Beam Steering by Quads &
Dipoles (+RF-gaps=f({))
 Beam focusing (matching)
must be done by Quads

=> Quads affect on both
focusing & steering

19

centroid is focused w/o dipole fields (blue) and with dipole fields (green)!



Supporting slides

V.Kapin, RFQ, May-2019
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[3]: Beam quality drop in RFQ+MEBT by CST

“ParM”-beam vs “Meas”’-beam

60 T T T T b T T f T T T T T T T T T T T T T | T T T T
r o 0, 100% :
I [mA]; —>— RFQentry_ParM
i ParM-beam | <- RFQentry Meas
20 —c— RFQexit ParM | ]
RFQ -0=RFQexit Meas

MEBT —C=— MEBTexit_ParM

\ -1— MEBTexit_MEAS |
N\ 95%
SW0% o

40

30 |

20 |

T TTT80%
j\ 60%
_ RFQ MEBT
10
I \ :
MEAS-beam Ex_n [mm*mrad] -
0 1 2 3 4 5 6

¢ drop of the phase space density dI/dE (curve slope) within RFQ+MEBT
“ MEBT by CST: essential growth of 90%-emittance values
s Example: I-drop@Ex-n=1.0 MEAS: RFQ (60mA->18mA) &MEBT(18mA->12mA)



CST/PS: Transv. Acceptance X-plane (I beam=0)

20181209_0004_out04_accept_main_bunch_X_plane
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CST/PS: Transv. Acceptance Y-plane (I beam=0)

20190124_1803_out04_accept_main_bunch_Y_plane
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CST/PS: Effective Acceptance X&Y-plane (I beam=0)

20190124_1756_out05_accept_5_common_X_plane
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Parmila: Generate matched beam (Etot=NxErms)

20190124_1756_out05_accept 5 _common_X_plane
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MEEEN e Next:

os R a) find N-optimal via running CST/PS for Ex=Ey
o____ S  “SESESSESE b) Try run for different Ex & Ey including

PO SRESARESARERRNY. RARNERESE centroid offsets

or B c) Similar dependences for ParM (now N=6)
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