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Abstract

In J-PARC MR, residual gas ionization profile monitor (IPM) is used to measure turn-by-turn profiles of bunched
beams; the beam widths of only the first 20 profiles after the injection are analyzed to correct the Quadruple oscillation.
On one hand, only a few dozen profiles are required to measure, on the other hand the present IPM necessarily detects all
ionized charged particles from all bunched beams, more than 2E6 bunches from the injection to the extraction, because
the present IPM is operating in DC. This situation is not preferable from the viewpoint of a limited life time of the MCP
detector; the more the MCP senses the particles, the more it loses gain flatness and thus life time. To improve this situation,
the gated IPM system is developing in which the HV is operated in pulse mode. Performances of a new HV power supply,
improvement of the electrodes, and particle-tracking simulation taking into account the space-charge-electric field of the
bunched beam are presented.
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Figure 2: Local gain deterioration of MCP of D2VIPM
after long-turn operation since the installation in 2008.
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Figure 3: Sum of the signals from all 32 strip anodes.
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Figure 4: Block diagram of the HV switching power
supply. The current of 30 A is exchanged between
charge reservoir of 1 pF and capacitor of HV coaxial
cable at the time of switching. On the contrary, the
charge stored in the charge reservoir is supplied from the
DC HV power supplies slowly.
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Figure 5: Photo of the HV switching power supply.

C EBIEOH 7133 L O Push-Pull AAvF D AT - H
I1¥ BRI RO 728 OHPL, ZNEI 1 MQ, 1kQ
AL, ATV Z D/ )VASES ERDIS K
OB TRV EAI AT ot 30 A D73V A
RERPURE SIS, DC EFENHIE 1 MQ OEHIFR
HHLE 1 pF THERRSTND LPE 12X, o<W LBt
HrENDHZETRD,

IPM F ¥ N —NIZIEZ B DB RESNTRY,

BMIRPUE DO T AT, EEN BRSNS, ZOR B
OI_FLWIC W A icar F o EHALL B —F R

~oF T RHZEIZIY O A — R tEL T
WD, Ao —HF A2y F 728D IPM F v N—W
EIfZ e idE AR A NRVASH s NN i%ﬁﬁi‘@iﬁf X HV
R —7 LV OFFERE 6.6 pF B TENT DA
B =R O EN AL T T EFD BN 30 A TREZND,

32 AAYTFUTPERRICOWT

Data vs. SPICE simulation (20 Hz, 500 ys)

)

N
Rise time: 28 s (HV cable capacitance: 13 nF)
> 145 @66 0F

12 »

Figure 6: The switching response measured by using
dummy load. 1)Measured switching response compared
with the simulated result. 2)Pulse height dependence on
the charging time which is determined by the time
difference between pulses in 1 sec; it is defined as 1-
(switching frequency) X (pulse width) sec.
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Figure 7: Electrode modifications for gated IPM system.
1), 2)In total 11 capacitors (1 nF, 10 kV) are installed in
parallel to a resistor to make the impedance at each stage
equally. 3), 4)The Electron Generator Array (EGA)
installed to check the gain flatness of the MCP detector
was removed and an ion-trap structure was newly
installed at the same position.
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Figure 8: 1)Simplified model of gated IPM chamber
taking into account of HV cable capacitance. 2)The
impedances of the top plate where the HV is applied and
the bottom plate which is grounded through the
inductance of about 200 nH. The assumed beam current
is shown in 3) and the induced voltage is shown in 4).

3.5 lon-trap #i&EIZdD 2 WKEE - HIH

Ton-trap #§1E12825 2 RE I Z e L7z, RERAE
RIIHERD IPM VAT L TEMLIZH D THHH, Fii

BIRICER SN TVD03,

PASJ2019 WEPI029

& Gated IPM AT LED R KEE’J?‘&&EW&&VO
Figure 9 |Z lon-trap X E D RIRIZBITHT 07 7 A /L H|
ERERERT, ARBIGAENDS 18 X—yD7 a7 7 A
/I/%/beb\é

0.0298 ms (step: 0.0002. average: 0.0

il

Figure 9: Profiles obtained by the electron detection
using 0.2 T guiding magnetic field and -10 kV collection
HV applied on the top plate; 1) from the original IPM
design with EGA on top plate and 2) from the new
design with ion-trap structure. The MCP bias voltage
was 1.9 kV for both cases. The secondary electrons
superimposed on the real profiles are appeared in Fig. 1)
which would be generated by the impact of ions on the
top plate and the EGA surface. These are drastically
diminished as shown in Fig. 2).
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Figure 10: Flow chart of particle tracking code &

IPMsim3D designed to simulate profiles in the IPM [1]
system.
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Figure 11: Examples of simulated electron and ion
motions in case of the gate-off mode of the gated [PM,
in presence of beam space charge electric field (Es),
external electric field (Ec) generated by the electrodes,
and magnetic guiding field (B). The particles are (4]
escaped along the beam axis from the detection area of

MCP, Z, forced by the EXB drift.
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