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Task Force

* Members

* S.Mihara, N.Saito, K.Yoshimura (KEK)
M.leiri, K.Tanaka (KEK, Beam line experts)
T.Ogitsu (KEK, SC magnet expert)

A.Ando, K.Oide, M.Tomizawa, T.Koseki, M.Kinsho, M.lkegami, Y.Hashimoto (KEK,
Acc experts)

M.Aoki, A.Sato, Y.Kuno, M.Yoshida (Osaka Uni.)

If possible a task force should be set up to consider the special demands
of the required beam structure, energy, and intensity. Reports from these
committees should be made to the PAC in upcoming meetings....

Minutes of the 4t PAC meeting

e Goal

* In order to realize an experiment that can provide significant physics result, the task
force aims at showing a realistic solution(s) for the experiment under discussions
among experts from accelerator, beam channel, and physics groups.



Tasks

* Proton beam acceleration
— Investigation of the method described in the proposal
— Other possibilities to produce required proton beam structure

« Extinction
— 10 level necessary to reach 1016 sensitivity
— Development of measurement technique

Proton beam extraction/transport
— Proton beam transport to the target
— Radiation shield around the target
— Beam dump

Experimental space

— Possible location(s)
* In the current experimental hall
« Extension of the current hall

Solenoid Magnet




PROTON ACCELERATION



COMET Proton Acceleration

« RCS: h=2 with one empty bucket
* MR:h=8(9) with 4(5) empty buckets
* Bunched slow extraction
— Slow extraction with RF cavity ON, 210kV

Realization of an empty bucket in
RCS by using the chopper in Linac

chopper off

RCS RF bucket
h=2, 1bunch

h=2
1 bunch
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RCS, MR Injection

Macro-bunch
structure
25Hz

bunch structure

Intermediate-
~1 MHz -

Micro-bunch
structure
324 MHz

* Acceleration and extraction in 20msec

* Bunch configurations

 Micro bunch 324 MHz

* |Intermediate bunch ~1MHz

LINAC
Chopper

« Macro bunch 25Hz RCS

O
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RcCS

Ring bunch structure in RCS
Circulating frequency ~ 0.5 MHz
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Linac Chopper

« We found in the previous measurement that the

chopping efficiency is not 100%

» We observed particles remaining in an empty bucket

[ Beam dumps 0-deg 30-deg 90-deg 100-deg\'

100-deg dump

90-deg dump

1st stage:

Until Jul., 2007 06kW 0.1kWw NA N/A

2nd stage:
From Sep., 2007 0.6kW 54kW 06kW 2kW

Front-end
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Debuncher 1
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New Bunch Configuration

« Wider bunch-bunch separation = Longer measurement time per bunch
« ~1.2usec = ~1.8usec
* Less effect of the prompt background

» Beam power is ¥ of the nominal scheme

» Need further investigation by the experiment group

RC
h :—2’ \ )
1 bunch MR
h=9
. 3 bunches
4 batch injection s




Summary of Proton Acceleration for COMET

* ~1usec bunch-to-bunch width
* 4(5) empty buckets with h=8(9)
* 6 empty buckets with h=9

« <~100nsec bunch length

» Bunched slow extraction to deliver the proton beam to the pion production
target

« ~50kW operation at 8GeV (1.47sec cycle) is supposed to reach the target
sensitivity in “two years”.

* |Investigation of particle leakage
e Direct/indirect measurements of the extinction level
* Simulation



EXTINCTION
10 IS OUR GOAL



COMET Requirement on Proton Beam

e w+p 2> ¥ +n
e 10> vy, y > ete
« Necessary to reduce below 10 to reach 10-'¢ sensitivity
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Strategy to realize the COMET beam

« Clarifying slowly...

1st look on the

MR Extinction
Slmulatlon
\ Bunched SX
Extinction Test
Monitors
Slmulat|on Beam Clean-up
prior to MR
injection
Collimator or Measurement
: : 9 8GeV
internal kicker ? at10° level _
Operation

External \ 1.47sec
Extinction —> COMET Beam cycle
Device R&D ,\/



Current Status of Extinction R&D

) ¢ Study in progress Y& Monitor upgrade 3 In preparation
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Measurement at LINAC SM, M. IKEGAM and LINAC Monitor Group

* Investigate LINAC chopper performance

Aim at achieving bett itivity than readi ‘—
+ Aim at achieving better sensitivity than reading
induced charge on the wire eﬁn/w# e
T
- Plastic scintillation/Cerenkov counters z: o
- Behind a wire scanner monitor 5"
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Measurement at MLF using neutron s meico and M.Harada

« TOF measurement of neutron at MLF BL-10
« 3He counter
« 26 m flight length

« Compare the number of delayed neutrons
« Between No chop / fully chopped
* No chop : normal operation

* Full d: “Empty buckets”
Culglgpped: "Emply buckets

* Linac current=5mA
« N(fully chopped)/N(No chop) = 1.2x10-°
* Linac current=15mA
 Improved to 1.13x10-7
 Not fully understood

. (blggr%pgdr?griﬁiency may depend on the

Ref Chopped  Ref Chopped
Cnt/10min 611887 13 35840900 439
ratio 1 2.118x10° 1 1.225x10-°
No. proton  2.08x10'2 4.404x10” 2.08x10'>  2.548x107
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Another possible method using muon...

M.AOKI et al

» e from Muon decay

» Estimation of residual pulse level after RCS beam
extraction

residual pulses

_ 600 ns extracted at
main pulses 2nd (3rd..) turn in RCS
off-timing protons
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Measurements at MR Koji YOSHIMURA and Yoshinori HASHIMOTO

500

* 1t measurement using the abort-line monitor
» Chopper phase optimization
« Extinction <2 x 10 as reported in the previous PAC meeting

* More monitors at different locations to diagnose the beam
 Plastic scintillation/Cerenkov counters outside the beam pipe
* End of the transport line from RCS to MR
« Behind the MWPM
« After the injection kicker
+ Behind the flying wire profile monitor . oL - °
* Profile monitors as a “target”

Pulse Height [arbitrary]
g

« New monitors tested in November
» Sensitivity was found to be not sufficient
« (MWPM itself is possible to measure ~10-°)
* Need geometry optimization
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New Abort-line Monitor

Aiming at highest sensitivity by directly

looking at the MR beam
Remotely controllable

Vacuum separation by the gate valve
when not in use

Diagnose the beam before and after
acceleration in the Main Ring
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Clean Up the Beam Before Injection

» Possible method by using the injection kicker
« Empty buckets will be completely cleaned before acceleration

* Need longer injection time
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Extra Extinction Device R&D
(US-Japan collaboration program) m.Aoki and M.Yoshii

Japan UsS
* MA(Magnetic Alloy) core based design + MnZn Ferrite: high power ferrite test
work was initiated. performed.

» Collaboration with J-PARC RF group. » Eddy-Current power loss was a bit

« Considering a system with MA-core higher.
kicker(s) plus a septum magnet. « Re-evaluation of the conceptual design
started.

« Still aiming to complete a conceptual
deS|gn report by the next Feb.
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Main Ring Simulation

Gogi Macharashvili

« New attempt to investigate particle leakage at the level of 10-°

« Simplification

« How the particle phase space develops during acceleration ?

* Ignore the core (stable) part of the beam for speeding up
 Calculate the probability of particle reaching to the edge of the separatrix
« Estimate the probability of particle leakage due to RF noise

Fle Edit View Options Tools
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* Particle interaction with a septum foil
 Time structure of the extracted beam



Summary

» There are still lots of things to be done

 Various kinds of work are in progress in parallel with the collaboration
 With (great) help of the accelerator group

MR study
» Simulation

 Extinction
* New monitors to optimize accelerator parameters
« External extinction device R&D is in progress
« Secondary beam line measurement with bunched slow extraction

« SC magnet R&D
* Next presentation..



