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Outline

• DTL phase scan
– Measured result

– Particle simulation to understand the discrepancy between
measurement and a numerical model

• Beam profile measurement after DTL exit
– Observed emittance growth and beam profile

– Particle simulation to reproduce the emittance growth and
characteristic feature of the measured profile

• Summary

Among various numerical studies regarding the J-PARC linac beam
commissioning results, we focus on the following two topics in this
presentation;
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Main parameters for J-PARC linac
• Ion species: Negative hydrogen ion

• RF frequency: 324 MHz (972 MHz for ACS section)

• Output energy: 181 MeV (to be increased to 400 MeV by adding ACS section)

• Peak current: 30 mA

• Pulse width: 0.5 msec

• Repetition rate: 25 Hz

• Chopper beam-on ratio: 56 %

• Average current after chopping: 0.2 mA

• Beam power: 36 kW (80 kW after 400 MeV upgrade)
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DTL phase scan
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TOF measurement for DTL phase scan

 

In phase scan tuning, the tank phase is scanned while monitoring
the output beam energy.

The phase dependence of the output beam energy is measured for
several different tank amplitude.

Then, it is compared with a numerical model to find an optimum RF
phase and amplitude set point.
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DTL2, DTL3 phase scan

  
Circle: measurement, Line: numerical model

DTL2 DTL3

Phase scan results show a
reasonable agreement with
numerical model for DTL2
and DTL3.

RF amplitude scaled by
the design value
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DTL1 phase scan

Circle: measurement, Line: numerical model

Phase scan result for DTL1
shows notable discrepancy
from the numerical model,
when the RF set point is far
from the design.

To understand the reason for
this discrepancy, particle
simulation has been conducted
with IMPACT.

DTL1
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DTL1 phase scan (cont.)

 

 

Beam is split out of the
RF bucket.

Severe filamentation

DTL1
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Initial distribution dependence

  PARMTEQ output Gaussian

Measured energyMeasured energy

Simulated beam centroidSimulated beam centroid 71 keV lower
than a

Beam centroid energy is sensitive to the assumed initial distribution
with severe filamentation.
It is difficult to predict the beam centroid energy without sufficient
longitudinal beam diagnosis. (We have no longitudinal beam monitor
in MEBT.)
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Narrow-range phase scan

 

 

 We need to narrow the phase scan range to
conduct an accurate phase scan tuning.

In the narrowed phase scan, the filamentation is
relatively modest and the experimental result
shows a reasonable agreement with a model.
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Summary for DTL phase scan

• In DTL1 phase scan tuning, we find significant discrepancy
between measurement and a numerical model, when the RF set
point is far from the design value.

• Particle simulation study reveals that the discrepancy is resulted
from severe filamentation.

• As the filamentation is sensitive to the initial distribution, it is
difficult to predict the beam centroid energy without sufficient
longitudinal beam diagnostics.

• A possible way to circumvent this problem is to limit the phase
scan range to the region where the filametation is not too severe.
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Beam profile measurement
after DTL exit
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Wire scanner layout

We install four or more WS’s at each matching section so that we can
find the transverse Twiss parameters and rms emittance.
Fourth and fifth WS’s are prepared for redundancy.

We here deal with the beam
profile measured at these two
sections.
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Example of a matching section

Matching section at DTL exit

Four WS’s are periodically placed 
downstream.

Each WS is 7βλ apart.



ICFA-HB2008, Nashville, August 26, 2008

Measured transverse emittance

• 5 mA peak current
  H   V

DTL exit 0.27 0.25
SDTL exit 0.23 0.27
A0BT exit 0.25 0.27

• 30 mA peak current
  H   V

DTL exit 0.42 0.36
SDTL exit 0.35 0.40
A0BT exit 0.37 0.40

Design 0.3 0.3

* Normalized rms in πmm•mrad.

The listed emittances are calculated
from rms beam widths measured
with an array of WS’s.

The emittance is also measured at
MEBT with a double-slit emittance
monitor, and found to be 0.22 to
0.25 for both 5 mA and 30 mA
cases.

We have significant emittane growth
in DTL in the case of 30 mA peak
current.

We don’t have significant emittance
growth after DTL exit.
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Measured profile at DTL exit
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30 mA
Beam profile is mostly Gaussian at DTL exit.
Red circle: Measurement, Blue line: Gaussian fit
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Measured profile at SDTL exit
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30 mA
Clear halo is developed at SDTL exit while there is no
significant emittance growth.
Red circle: Measurement, Blue line: Gaussian fit
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Summary of observation
• We have significant emittance growth in DTL in the case of 30 mA

peak current.

• Beam profile at DTL exit is virtually Gaussian without beam halo.

• We don’t have significant emittance growth after DTL exit.

• Clear halo is seen at SDTL exit.

We have tried to reproduce these characteristic features with
a particle simulation.
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Simulation condition

Initial distribution at RFQ exitPIC Simulations have been
performed form RFQ exit to
SDTL exit introducing various
mismatch at MEBT.

Simulation code: IMPACT
Num. of particles: 95322
Num. of mesh: 32x32x64
Step width: ~βλ/10
Integrator: Linear
Initial distribution: PARMTEQ
output

Horizontal Vertical
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Simulated envelope in DTL (Case I)

30 mA

Longitudinal mismatch is introduced at DTL entrance.
We need to assume 40% mismatch to reproduce the measured emitance growth.

DTL entrance DTL exit

~40% mismatch
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Simulated envelope in DTL (Case II)

30 mA

Larger longitudinal emittance is assumed than PARMTEQ prediction
We need to assume 30% mismatch to reproduce the measured emitance growth.

DTL entrance DTL exit

~30% mismatch
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Simulated envelope in DTL (Case III)

30 mA

Transverse mismatch is introduced at DTL entrance.
We need to assume 40% mismatch to reproduce the measured emitance growth.

DTL entrance DTL exit

~40% mismatch
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Simulated profile at DTL exit (Case I)

30 mA
Longitudinal mismatch is introduced at DTL entrance.
Red circle: Simulated, Blue line: Gaussian fit
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Simulated profile at DTL exit (Case I)

30 mA
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Simulated profile at DTL exit (Case II)

30 mA
Larger longitudinal emittance is assumed than PARMTEQ prediction.
Red circle: Simulated, Blue line: Gaussian fit
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Virtually Gaussian at DTL exit. 
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Simulated profile at DTL exit (Case II)
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Simulated profile at SDTL exit (Case II)

30 mA
Larger longitudinal emittance is assumed than PARMTEQ prediction.
Red circle: Simulated, Blue line: Gaussian fit
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Clear halo is developed at SDTL exit. 
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Simulated profile at SDTL exit (Case II)
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Simulated emittance growth (Case II)

30 mA

Larger longitudinal emittance is assumed than PARMTEQ prediction

DTL entrance SDTL exitDTL exit

No significant emittance
growth in SDTL.
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Summary of beam profile measurement

• Experimental observation
– Significant emittance growth is observed in DTL.

– Beam profile at DTL exit is virtually Gaussian without clear halo.

– While no significant emittance growth is observed after DTL exit, a
clear halo has been developed in SDTL.

• Particle simulation
– 30 to 40 % mismatch is anticipated in DTL to account for the

observed emittance growth

– In most cases with such a large mismatch, a halo grows more rapidly
than the observation.

– In some cases, the onset of halo generation is delayed, and the
experimental observation is reproduced qualitatively.
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Future plans

• Add a bunch shape monitor at MEBT (a mid- to long-term plan)
– We are proposing to introduce a bunch-shape monitor of INR type,

but not funded yet.

– It will be useful both for DTL1 phase scan study and the MEBT
matching improvement.

• Reexamine the beam profile measurement in MEBT (an
immediate plan)
– We have conducted beam profile measurement in MEBT, but it

shows an inconsistent result with RFQ simulation.

– Numerical model or WS measurement may involve an unexpected
error in MEBT.

– We should pay further effort to accumulate a systematic data to solve
this inconsistency.
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MEBT monitor layout

TOF pair #3

Beam

FCT (Fast Current Transformer) and SCT (Slow Current Transformer)

TOF pair #1

Scraper

DTL1

RFQ

WS (Wire Scanner)

BPM (Beam Position Monitor)

TOF pair #2 TOF pair #4

Beam stopper
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Simulated profile at DTL exit (Case III)

30 mA
Transverse mismatch is assumed at DTL entrance.
Red circle: Simulated, Blue line: Gaussian fit
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Simulated profile at DTL exit (Case III)

30 mA
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