Institute of Modern Physics, Chinese Academy of Sciences

?(gm/?@gx,é , DENFRIEEMEHFAR

sity of Chi

Rectilinear Cooling Study at IMP

Zhu Ruihu(%3#E)
Supervisor: Yang Jiancheng(#7%& iX)

Institute of Modern Physics, Chinese Academy of Sciences
University of Chinese Academy of Sciences

IMCC Annual Meeting

2023.06.20
zhuruihu@impcas.ac.cn
Thanks to Chris Rogers, Scott Berg & Elena Fol.



mailto:zhuruihu@impcas.ac.cn

i Outline

» Reminder of ionization cooling concept
» New simulation results on 6D rectilinear cooling
» Simulation results on high-pressure H, gas filled rectilinear channel

» Another possible lattice with large angular dispersion



Sz Reminder of 4D lonization Cooling

A

Muon Beam Absorber

E kB

® 4D cooling process:

* Muon beam loses momentum in all directions at absorber

 Muons beam gets momentum compensation only in longitudinal direction
* Muons beam is more parallel

® Random multiple scattering in absorber decreases cooling effect:
« Mitigate with strong focusing
« Mitigate with absorber material of low-Z



S- Reminder of 6D lonization Cooling

Dipole

\ Beami

Wedge shaped absorber

® Dipole is used to spread the beam transversely
so that particles with higher momentum are on
the outer side.

® [ongitudinal emittance reduces because particles
with higher momentum go through thicker part of
the absorber and lose more energy.

® Trade-off between longitudinal cooling and
transverse heating.



i}/% Rectilinear Cooling Lattice
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The whole channel is put in a straight line. The solenoid field focuses muons tightly

In the wedge absorber. The dipole field provides dispersion for longitudinal cooling.
The aim is to reduce the transverse and longitudinal emittance simultaneously.



<_m » New Simulation Results Using A-type Lattice

A-type lattice Input beam (after bunch merging)
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x> New Simulation Results Using A-type Lattice
| Stagel | Stage2 | Stage3 | Staged | Stage5 _

cell length 2.3m 1.8 m 1.4m 1.1m 0.8 m
B, max 31T 41T 48T 6.2T 88T
B 35cm 30 cm 20 cm 15 cm 10 cm
B, 03T 0.375T 0.425T 045T 0.35T
dispersion 5cm 5cm 4.5 cm 2.5cm 1.8 cm
wedge material liquid hydrogen
wedge length 37 cm 32cm 24 cm 20 cm 12 cm
wedge angle 110° 120° 115° 110° 120°
RF frequency 325 MHz 650 MHz
RF # 6 4
RF length 22 cm 17.7 cm 12 cm 14.6 cm 11.6 cm
RF gradient 22 MV/m 21.4 MV/m 24.3 MV/m 22.9 MV/m 21.1 MV/m



> New Simulation Results Using A-type Lattice
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» Limitation on RF gradient

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 8, 072001 (2005)

Effects of high solenoidal magnetic fields on rf accelerating cavities

A. Moretti and Z. Qian
Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA

J. Norem™
Argonne National Laboratory, Argonne Illinois 60439, USA

Y. Torun
Illinois Institute of Technology, Chicago, Illinois 60616, USA

D. Li and M. Zisman

Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
(Received 18 April 2005; published 6 July 2005; corrected 7 September 2005)

We have measured the effects of high (0—4.5 T) magnetic fields on the operating conditions of
805 MHz accelerating cavities, and discovered that the maximum accelerating gradient drops as a function
of the axial magnetic field. While the maximum gradient of any cavity is governed by a number of factors
including conditioning, surface topology and materials, we argue that J X B forces within the emitters are
the mechanism for enhanced breakdown in magnetic fields. The pattern of emitters changes over time and
we show an example of a bright emitter which disappears during a breakdown event. We also present
unique measurements of the distribution of enhancement factors, S, of secondary emitters produced in
breakdown events during conditioning. We believe these secondary emitters can also be breakdown
triggers, and the secondary emitter spectrum helps to determine the maximum operating field.

Measurements at the Mucool Test Area
(MTA) of Fermilab have shown that the achievable
accelerating gradients for an 805 MHz vacuum
pillbox cavity decreased from 40-60 MV/m to less
than 20 MV/m in a 3 T solenoidal field.

own Issue

» Solution on RF breakdown

PHYSICAL REVIEW LETTERS

week ending

PRL 111, 184802 (2013) | NOVEMBER 2013

Pressurized H, rf Cavities in Ionizing Beams and Magnetic Fields

M. Chung," M. G. Collura,' G. Flanagan,2 B. Freemire,® P.M. Hanlet,> M. R. Jana,' R. P. Johnson,> D. M. Kaplan,3
M. Leonova,’ A. Moretti,' M. Popovic,' T. Schwarz,' A. To]]estrup,I Y. Torun,® and K. Yonehara'
' Fermi National Accelerator Laboratory, Batavia, Ilinois 60510, USA
2Muons, Inc., Batavia, lllinois 60134, USA
Milinois Institute of Technology, Chicago, llinois 60616, USA
(Received 12 July 2013; published 29 October 2013)

A major technological challenge in building a muon cooling channel is operating rf cavities in
multitesla external magnetic fields. We report the first proof-of-principle experiment of a high pressure
gas-filled rf cavity for use with intense ionizing beams and strong external magnetic fields. rf power
consumption by beam-induced plasma is investigated with hydrogen and deuterium gases with pressures
between 20 and 100 atm and peak rf gradients between 5 and 50 MV/m. The low pressure case agrees
well with an analytical model based on electron and ion mobilities. Varying concentrations of oxygen gas
are investigated to remove free electrons from the cavity and reduce the rf power consumption.
Measurements of the electron attachment time to oxygen and rate of ion-ion recombination are also
made. Additionally, we demonstrate the operation of the gas-filled rf cavity in a solenoidal field of up to
3 T, finding no major magnetic field dependence. All these results indicate that a high pressure gas-filled
cavity is a viable technology for muon ionization cooling.

A breakdown gradient of 65.5MV/m could be achieved
in a 3 T magnetic field with 70 atm hydrogen gas.




%%Simulation Results on High-pressure Channel
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aigg;Simulation Results on High-pressure Channel
| stagel | Stage2 | Stage3 | Staged _

pressure 35 atm
cell length 2.3m 1.8 m 1.5m 1.5m
B, max 6.2T 88T 12.1T 13.1T
B 16 cm 10 cm 5cm 4 cm
B, 0.07T 0.12T 02T 0.18T
dispersion -4 cm -3.5¢cm -2 cm -1.3cm
wedge material liquid hydrogen
wedge length 15cm 11 cm 11 cm 9cm
wedge angle 116° 100° 120° 120°
RF frequency 704 MHz
RF # 4
RF length 11.5cm 12.8 cm 8.7 cm 8.5cm

RF gradient 39.6 MV/m 30.6 MV/m 44.4 MV/m 34.2 MV/m



- Simulation Results on High-pressure Channel

» Cooling performance (Need optimization!) Stage 4

Stage 1 to Stage 3 (35 atm) — oam
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Transverse emittance: 4.65 to 0.52 mm
Longitudinal emittance: 7.7 to 1.74 mm

No significant difference from vacuum case. Significant difference from vacuum case
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Another Possible Lattice
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Lattice C also has large dispersion which may be bad for
the transverse cooling and transmission. Need more

simulation work!
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Conclusions and Next Steps

»Conclusions:

* New rectilinear lattice parameters have been found resulting in the reduction
of the channel length.

* High-pressure hydrogen gas may have adverse effect on the cooling
performance. (Preliminary result. Need more optimization!)

»Next steps:
« Extend the cooling channel to more stages.
» Check the cooling performance of the lattice with high angular dispersion.

* Do simulation with collective effects in G4Beamline. (e.g., space charge and
short-range wakefield)

Thanks for your attention.
Any comment or suggestion is welcome!
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