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Study on the phase space painting injection during the beam commissioning for CSNS
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During the beam commissioning of China Spallation Neutron Source (CSNS), different injection methods were used 1n different periods. In the early stage, since the
precise position of the injection point was unknown and the beam power was relatively small, the fixed point injection was selected. Latter, in order to increase the beam power
and reduce the beam loss, the phase space painting method was used. In this paper, the phase space painting in the horizontal and vertical planes 1s studied 1n detail and the
beam commissioning results of different painting injection are given and discussed. In addition, different injection effects of the fixed point injection and painting injection are

compared and studied.

INTRODUCTION

CSNS is a high power proton accelerator-based facility

and 1ts technical acceptance had been completed 1n
March 2018.

Fig. 1: CSNS site.

For the high intensity proton accelerators, in order to
reduce the beam loss caused by the space charge effects,
the phase space painting method 1s used for injecting the
beam of small emittance from the Linac into the large
ring acceptance. For CSNS, the position painting was
used 1n both horizontal and vertical planes. There are
four dipole magnets (BH1-BH4) used for painting in the
horizontal plane and other four dipole magnets (BV1-
BV4) used for painting in the vertical plane.
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Fig 2: Layout of CSNS injection system.

In the early stage of CSNS beam commissioning, since
the precise position of the injection point was unknown
and the injection beam power was relatively small, in
order to inject the beam 1nto the RCS as soon as possible,
the fixed point 1njection method was selected. Latter, 1n
order to increase the beam power and reduce beam loss,
the phase space painting 1n the horizontal plane was used.
Finally, the phase space painting in both horizontal and
vertical planes was used, and the painting ranges and
painting curves were studied and optimized.

In our early paper, we had studied and discussed the
fixed point injection during the beam commissioning for
CSNS. In the following sections, the phase space
painting 1n the horizontal and vertical planes during the
beam commissioning will be studied and discussed.
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CONCLUSION

HORIZONTAL PAINTING INJECTION
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Fig. 3 Positions of the ring acceptance ellipse during the
horizontal painting injection.

In the middle of beam commissioning, in order to
increase the beam power and reduce the beam loss, the
phase space painting in the horizontal plane was used.
For CSNS, the fixed point injection was changed to the
horizontal painting injection on Nov. 9, 2017. During the
beam commissioning, by comparing the results of the
fixed point injection and horizontal painting injection, 1t
can be found that there are many advantages to applying
the horizontal painting injection. The beam loss 1n the
injection region while the horizontal painting was used 1s
much smaller than that while the fixed point injection

was used.
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Fig. 4: Beam loss of the Linac and RCS while the fixed
point injection (left) and horizontal painting injection
(right) were used.
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Fig. 5: RCS DCCT displays while the fixed point injection
and horizontal painting injection were used.

While the fixed point injection was used, there was a
suddenly beam loss during the injection process no
matter the matching of the injection beam and circular
beam. However, while the horizontal painting injection
was used, the suddenly beam loss was gone and the
injection efficiency had increased very much. The beam
power can be further improved.

HORIZONTAL AND VERTICAL PAINTING
INJECTION
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Fig. 6: Positions of the ring acceptance ellipse during the
horizontal and vertical painting injection.

In the process of further increasing the beam power,
the space charge effects of cumulative beam would be
increased so as to cause larger beam loss. Under the
circumstances, the phase space painting 1n both
horizontal and vertical planes needs to be considered. For

CSNS, the horizontal and vertical painting injection were
both used and optimized on Feb. 13, 2018.

lllllll

llllllllllllllllllllllllllllll
| S

1
- N 83
e WRELN03 § &= 2 R e LTRSS, wamumod 162.71 INBLMOY
e Q LRBLMOS W INBLMOZ e "*.'.»:__' 85 em o4 e INBLMO2
2 “  WELMOY pas % din &% LRBLMOS 20 NRLMOD B
- LRELMOG LO18LMOD If_‘» LABLMOS - LO1BLMOS
™Y LRBLMO? LMO4 gl (Y R LO1BLMOA -
LANLMON LOINLMOS . ‘ LABLMOS a.n LOD1BLMOS
] = == - - L S e - — W . et
[ e -~ o= -~ " el BT - I
. e ot e fostye 18808 _faﬂ'*-u *ﬁ-n -"-'k\ o 247.36
Ly ", - o— o o » Sate e 1 ’ _— LRI R}
se0 " -~ - o= e oo i ‘_-f \% ~ 12 4
b M - . R " ' — .2
o - e - . 'ﬁ:“' -~ oo an - 14 -ﬁ . {" -~ EETE
ot m— e - i T o~ - baria 134 04 e 3 -~ "
[ ] "o -/ ’ . “ - M S ey - “ L el s
Senm - gy " ) - -me s Satimy ” A I, eval) s
o, - - c . R Ll mun - "wae ’p . n-« )
Sttum. - -— G - " - @ -y - @
- " f ‘A - »a o " t . — e . aaaaa
Sesum " o | H 2 . " ~o »iy Sabums L - o
PRS- YY) X ! 1 - —— s [ 0341 ww
- e -~ { O _th&. Da.."lr_"lé - AN - - . OI’ ,_D.lt ﬂd \ CI’LC::_ “ran
- e o = s ey 1200 -—- AT
- ey — N - o by nn i+
- o - - ™ [ S R A e TRt | el LR R oy~ ey T -
- T ? ek o »na qt."l ? S “w
— R . : - e = pa. £ i R~ ~r—
----- M " , - 108 3 ety ™ . ———— .26
- " 2 . - P T N T ’ > - - -y
. & [ . '
e e — * B - covnr T . ‘ fe- S “i
.o A - A o ) e Wess s war W s @) e ot 544
- - > Il" -~ WM mmee . - v o ‘)" . mrn
- — » - F ann - e “ . Fase e e
- n i o o — e “ar - o - P
.- " — /,. - “n ' — . {'/.,_ o~ 1%y
— u 9 s g — " S—— - oy SO oo ‘2 — -
ou mue Py - - - - - - o 00 smme - — J:: — e
v }‘L - A-J . . ”» e 9 T o »i
1 - - . . “on e wn
' 104 04

Fig. 7: Beam loss of the Linac and RCS while the
horizontal painting injection (left) and horizontal &
vertical painting injection (right) were used.

During the beam commissioning, by comparing the
results of the horizontal painting injection and horizontal
& vertical painting injection, 1t can be found that there
are some advantages to applying the phase space painting
in both horizontal and vertical planes. The beam loss 1n
the 1njection region while the phase space painting in
both horizontal and vertical planes was used 1s smaller
than that while only horizontal painting injection was
used. In addition, the beam power had increased from 13
kW to 23 kW. In the future, in order to further improve
the beam power, the painting curves and painting ranges
in the horizontal and vertical planes need to be further
optimized.

In the middle of CSNS beam commissioning, the fixed point injection was changed to the horizontal painting injection. The beam commissioning results showed that the
beam loss 1n the 1njection region while the horizontal painting was used was much smaller than that while the fixed point 1njection was used. In addition, for the horizontal
painting injection, the suddenly beam loss that appeared 1n the fixed point injection process was gone and the injection efficiency had increased very much.

In the latter period of beam commissioning, the painting in both horizontal and vertical planes was used for the beam 1njection. The beam commissioning results showed
that the beam loss was much reduced and the beam power had increased from 13 kW to 23 kW. In the future, in order to further improve the beam power, the painting curves
and painting ranges in the horizontal and vertical planes need to be further optimized.
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