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Outline

* Introduction of the Spill Regulation System at J-PARC

* Improvement of the Spill Structure
since Previous Slow Extraction Workshop (2024-Feb)

- Spill Structure Evaluation by Physics Experiment
* Short Pulse Beam

* Plans for Further Spill Structure Improvement



Spill regulation systems at J-PARC MR
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J-PARC MR Upgrade (2022-2023)
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J-PARC MR Upgrade (2022-2023)

Goal: Shorten the acceleration time to
increase the repetition rate

Upgrades of
- Main Magnet Power Supplies
* RF cavities & LLRF
- Injection and Fast Extraction Devices
* MR Collimators
Before After
MR upgrade MR upgrade
ACC time 1.40 s 0.65 s
FX repetition 2.48 s 1.36 s
SX repetition 5.20s 4.24 s

Flattop length of 2.61 s 1s not changed
Beam power with the same particle
number increased by a factor of 1.23 in SX
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Spill structure after MR upgrade
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Beam Rate

Spill structure before MR upgrade
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Comparison of beam spill structure

Beam Spill Structure
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Deviation
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Configurations of QFRPS and Magnets
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Long-term Solution: Fabrication of a new PS



Improvement on spill regulations with new main PSs

Qnill
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Improvement on spill regulations with new main PSs

Beam Spill Structure
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Effort to reduce current ripples in power supplies

Input filter for A/D board was added
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Improvement on spill regulations with new main PSs
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Improvement on spill regulations with new main PSs

Beam Spill Structure

a i
7 B —— Spill Duty:.78%.,.72%. (after)
a \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
3 \\\\\\\\\\\\\\\\\\\\\\\\
v I - S ¥ S
Time from Flattop Start [s]
Monochrome:
001: ................... 'r ..................................................................... 2021 Before MR Upgrade
0:13 “““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ Colored:
CW20Hz 2024 After MR Upgrade
0.

Ll K " i .|.‘I.| g | a i) i1y | | \ '||
1.uuhjlﬂmum.".J.Jdulum.;.'_"hmuumuhumw;mﬁm'm;'ud Il ks

400 500 600 700 800 900 _ 1000
Frequency [Hz]

200 300

Input filter for A/D board was added

Capacitors &
4.7uF x 3 parallel

17



Improvement on spill regulations with new main PSs

Beam Spill Structure
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Two types of our accidental data

Spill Quality Evaluation by KOTO Experiment

KOTO: KL —=T110wv SJ[Udy at J-PARC CSI calorimeter

CLOCK trigger
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TMON/Clock ratio

Spill Quality Evaluation by KOTO Experiment
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- Improvement was clearly seen

* Room for improvement: ~12%

- Several detectors have
fluctuations even after
parameter tuning was finished
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Spill Quality Evaluation by KOTO Experiment

Accidental hit time distribution of the in-beam photon detector (BHPV), taken by TMON trigger
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It would be good to have a spill monitor on the accelerator side
that can see high-frequency components
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Contribution of

Short Pulse Shots
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Short Pulse Shots

Short Pulse Shot

g 034 0.333
E 0.33 . <
T <— D3 TrRF
S 0.32 L
S D1 TrRF
I 0.31 : | | |

0.3 |

: Tune Ramp ~1 / 40000 shots
0.29 e uSIHgArCQ .................. ............................... ..............................
0.28; 'o.is '%""1.'5""2i"'25"'3

Time from Flattop Start [s]

Extractlon was. 1mmed ately stopped
after the short pulse detection

2 2.5 3
Time from Flattop Start [s]

Betatron trune reconstructed by the PS currents

22.324

w 22.3224
=

=
=22.1320

22.318 | | | | |

24



Short Pulse Shots

Contribution of
spill regulation Qs

(EQ,RQ)

o 0.34

Tun
o
w
(%]

Fractional
o
[+ ]
N

=
W
-

Short Pulse Shot

: 0.333
S <

T N . — S DS
S Pt R ——— <

I AR D1 TrRF

Tune Ramp ~1 / 40000 shots

......... usmgAch

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1
0.28, 0.5 1 15 2 55 3

Time from Flattop Start [s]

_ __________________________________________________________________ Extractlon was. 1mmed ately stopped
SRR N I after the short pulse detection

2 2.5 3
Time from Flattop Start [s]

Short Pulse Shot After EQ gain tuning

o 0.34
c
=
- 0.33
(1]
S
2 0.32
Q
S
- 0.31

15 2

2 5 1 1 1 3
Time from Flattop Start [s]

TIPS J.J....J.-J LYo Ty | I.u i B L T B
Time from Flattop Start [s]

0.333
<
<— D3 TrRF
<

D1 TrRF

25



Plans for Further Improvement



Improvement Plans for Spill Regulation System
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Summary

We optimized the spill feedback gain and the transverse RF parameters
along with the efforts to reduce the current ripples in power supplies,
resulting 1n the improvement of spill duty factor from 61% to 83%.

Evaluation by physics experiment 1s consistent with our spill structure
measurement.

We observed short pulse shots and attempts to reproduce the phenomena
in stmulation 1s ongoing.

We aim to further improve the spill structure by introducing a ripple
canceller system and feedback control on the transverse RF signals.
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