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P[Pa]:
�$Q[Pa*L/s]: (�!)�!$t[s]:�#$
V[L]: 40=7?��$S[L/s]: �� �

>('�%�#(��µs),$��-�!&�.*�-
�-�#�	

>8;:?3
Q=500(high),50(low)[Pa*L/s]$
topen=0 [s]$
tclose [s]= topen +(��7<9-"�#)

= topen +(400µs)
V=15.6 [L]$Pf =1e-5 [Pa]
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��:1020 mm
��321.8 [L]
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A: 
�������
(10-2 ~10-7 Pa)

B,C: ��������
(1~10-6 Pa)

D:�-� .�2�
(105~10-2Pa)

E: ',$2�2�
(105~10-2Pa)
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�����	(Seff)���
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Peq [Pa]'����
Q [Pa*L/s]:���(
�)
Seff [L/s] :�����	

Sfar [L/s] Snear [L/s]
COMSOL
(� !#&�"$) 133 193

Molflow
(� !#&�"$) 126 183

��
(30%���
) 140�24 222�64

Snear : 
Seff at near

Sfar: 
Seff at far
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FAE@OFF.1~Pa �)20� ".=C?
10�6�*-�1����(ΔP)/��
V(=21.8 L)24��6��

ON TIME[µs] 300 400 500 600
Q[Pa*L/s] 283 1196 3098 7144

'>C9���1����(AE@OFF)

'����

Q(pulse) ΔP

Pfar Pnear

(��>C9��

S
=210
[L/s]

F&��(10-5 Pa)�)AE@ON.1��

	6��
F�!�$#���(Pfar)Pnear)+31�

6;G:D7G.��
F5�,/0>C9��

(��>C91��(AE@ON)

8E<DGBG >C9=C?
ON TIME(�� ):300~600µs

(~1 Pa)

(~10-5 Pa)

Q(pulse)
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�����…����� 30 GeV��
 470kW

2017	(��) 2019	��
�����
 2.48 s 1.3s

→1.16 s
��� 2.2*1014�/spill 3.2*1014�/spill
����
 470 kW 750 kW

→ 1.3 MW 
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B9C<>3A�,56	�(N2)+#
�,����'.,��1
�(*
%��
9C<=87C
B1000����...10-3 Pa(←10-6 Pa)
→561�!'.��)0

Beam Induced Fluorescence(BIF)=87C
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BIF=87C,���

(56��!→)

ion pump

Beam pipe(FF) (SC→)

SC: $�!	FF:����!
(���)

9C<��:10-9 (10-2 Pa)

F.Beckeretal.,“Beam induced fluorescence(BIF) 
monitor for transverse profile determination of 5 to 
750 MeV/u heavy ion beams“-/

B"34A9C<(200MeV/u&Xe48+),
;@:23?�(~0.1 Pa &GSI)
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V
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= �SeffP + Q = 0 ∴Peq =

Q

Seff

94:7.D;F

S:5F=�
>D<*�� �
(/5C1� S=210[L/s](N2))

CiH������
	����
!�*2D605D4

18

��	�')%�G�
��):

1

Seff
=

1

S
+

�

i

1

Ci

��3?@BF3AD+,Peq-Q<C8:-��'��....COMSOL$Molflow

E�#)��*2D605D4...3?@BF3AD&��



���
-�!~"�����~

19
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��:<93��&'2

(2) 58-���3���
7;46;83�$*N2��#
→	�
�3��

	�-� 
�
∴Q = V

dP

dt
=�%01��3��



Comparison of Pressure Change 
between Expectation and Measurement 

ON TIME[µs] (exp.) 300 400 500 600
Q[Pa*L/s](0.2 MPa) 283 1196 3098 7144

(COMSOL) far near
S[L/s] 128 193

�tclose = topen +ON TIME�Pf=1e-5 [Pa]�V=20.5 [L](long chamber)
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Experimental result @ farexpectation @ far

huge 
difference
...gauge 

response?
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P(t):��"*)����(far%Seff+��)
G(t):,;.%����
(Delayed Gaussian+��)
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:����P(t)%-248;-59(���)

�	��(far �)#
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(1) 10-5 Pa�� ���,0*�
�
(2) -1"'.)!$%&��

(.#'.)!5����
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(2)
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��:840 mm
->1020 mm
��
:15.6 [L](short) 
-> 21.8 [L](long)

A: 
�������
(10-2 ~10-7 Pa)

B,C: ��������
(1~10-6 Pa)

D:�-� .�2�
(105~10-2Pa)

E: ',$2�2�(long)
(105~10-2Pa)

1&.�%.(

1/2 -2+0)
+
 2*��+0)
(
��	:210L/s)

<���>
<���> <��+0)>

Long"�#!�0%2����

C

E

D B

A

D

A

C

B

<long> <short>



�
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����	 (Short)

COMSOL:Sfar:~147[L/s]�Snear�~193[L/s]

Molflow: Sfar:~139[L/s]�Snear�~183[L/s]

�� (�����30%����)
:Sfar:165�34[L/s]�Snear� 207�43[L/s]
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Pfar

Pnear

Sfar: Seff at far
Snear : Seff at near



/14N^jknq^lo

CERND��EIBUMonte Calro%
MTU��Ne_f3�W+BG
/1^jknq^loaif

←injected(Q)
↑injected
(Q)

pumped←
pumped ↑
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	�N��8,:0 λ�dZogqN]Y`(	�&A
)
p	�?N.��+OPJXKLB

…*�"�(Maxwell-Boltzmann >�	�)
p"�OdZogq��JNR.��+

…&VO�)MTHI$QU(9N\oc[bo_:Ci)
→�">�(S)O'���p�)MTHI�
FUr�:�">�tSeffs

p�;)�NR=2�

p ?�
rhm_-�6sS�CU

!@<5%W+BG
#+(*^jknq^lo
→	�&W��-M=2�7

/1�(<10-2 Pa)N	�

Molflow+COMSOL

∴Peq =
Q

S
→



long Chamber(Pulsed Injection)

long chamber V=21.8 L

Q=5000Pa*L/s�500µs
@near@mid

@far

almost same S

*fit with from 0.1 s
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view port(��150mm, %)50m.�)

←SC�'
(�,��) Target->

FF $�.378;>39<(Molflow+)

BIF $�:1.5m(��)

D=200mm

200mm

=12<6<5:(SC �	/0)6.6m, 8.7m, 18.4m, 19.3m + 11.5m,11.83m ("�)
��#� 500L/s ...�� 200mm, %) 200mm . -/*,��

x

y
100L/s

378;>39<…=
!��
=4:���� (Q=10 Pa*L/s, ���&=1ms, 500µs, 100µs)

��$
(��150mm, %)50m.�)

=378;>39<�.�%:36m
SC�	-BIF(view-port):12.5m

=view port.
���
-+(,��



X view Port

�
������Q-Peq �"��

���

SC

←�$����


Y  view

x view
SC→

pump

↓�	

282�����!$� #��������

Y view Port



*Q=10 [Pa*L/s]$

796����.
���(FF)

1ms open(=1.15*10-10 kg)

500µs open (=5.75*10-11 kg)

+0.2s '1fit

Y  view

x view
SC→

pump

↓inject
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(
���'1.��< ~750 L/s )


�796/
�.S
eff
,/�-3?

:FF��: 1156 L

→S
eff

~4600 L/s

:BIF �(1.5 m):

->S
eff

~190 L/s
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boundary and initial conditions
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t

P(x=0,t)=

0

0.2 (0 ≤ t ≤ 500µs)
Pi (t>500µs)

@x=0

P

P(x≠0,t=0)=Pi
P(x→∞,t)=Pi(=10-5)�

(b)

�

�t
P (x, t) = D

�2

�x2
P (x, t)

D =
��v̄

3

v=471 m/s (N2,20℃)�
λ* 
=20[cm](diameter of 
tube)



• R&D of pulsed injection system is in progress

• Measurements of the effective pumping speed of test chambers 
are consistent with simulations(COMSOL, Molflow)

• Measured pressure change is different compared with the 
calculation
...understanding gauge response is going on
...one of the causes is pulse flow understanding

->plan to improve the pulse flow measurement
->time-depended simulation with Molflow is under studying

Summary
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BIF��������

ion pump

Beam pipe(FF) (SC→)


