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proton graphlte
(3 GeV) target

Muon g-2/EDM experiment J-PARC E34

ounts /5 ns

Decay €™ ¢

P, =50% N, =57x10"
200 MeV < E,. <275 MeV

muon storage magnet

Prog. Theor. Exp. Phys. 2019, 053C02 | “*=
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Goals:
g-2 450 ppb (~ BNL/FNAL run 1)
EDM 1.5 x 102" e=cm (x70 better)
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7™ cConfiguration of the Muon LINAC 4,7 © @

324 MHz 1296 MHz 2592 MHz
5.6keV  0.34MeV ' 4.3MeV 41MeV 212MeV
B =0.01 B=0.08 B=0.3 B=0.7 B=0.94
) to injection
NiS)- rr@ — I DAW — B — "
Beam line
3.2m 1.4m 16m 10m
~40m

« 3-stage frequency, 4-

Energy 212 MeV (300 MeV/c) structures.

Intensity 1% 108/s « Comparable emittance to
Rep rate 25 Hz p linac, but very low

Pulse width 10 ns ) ]

Normalized rms emittance 1.5 T mm mrad IntenSIty'

Momentum spread 0.1 %

2022/8/31 Y. Kondo LINAC2022@Liverpool, Merseyside, England 6/20



Muon cooling for g-2/EDM experiment

lonization laser

Silica aerogel target

122.09 nm
(Lyman- o)

USM production ‘m

-13.6 eV
Muonium

surface

i

- / 6
e/e / ~ : ke\l
Silica aerogel targe | Silica aerogel with Muonium (u*e ) Ctrostatic a \/ 1.5 n mm
laser-ablated 25 meV C Q . My
N L

suonwijesey |

« Thermal muonium production and laser dissociation produce
ultra-slow muons (USM) [PTEP 091C01 (2014), PTEP 123C01
(2020)].
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7" RFQ

A

« J-PARC RFQ Il (A spare of 30mA RFQ)
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Structure
fO
Wi,
w

Vane length

out

# of cells

¢s,max

4

Max. surface field

Nominal power

(L @

4-vane RFQ
324 MHz
5.63 keV
0.337 MeV
3.172 m

294

3.69 mm
2.11 mm
2.28

-44 ~ 48 deg
9.32 kV
3.56 MV/m (0.2 E))
4.18 kW
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=/1 The world’s first
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acceleration RF accelerated muons! et
RF on ~ il
0 ; .
= I RFoff
&
N _ simulation
j— &
> RF-on:eventrate = (5+1) x107%/s EWE
¥ 20 ,
= RF-off : (no significant signal)| R e,
L% « Epi-thermal Mu- (u*ee’)
4 # l 4 #H’H It (not USM) is accelerated
05— — B to 89 keV
500 1000 1500 2000 UPIO eVv.
Time of ﬂlght [ns] e S. Bae et al., PRAB 21,

050101 (2018)
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e ion AIternative Phase Focusing IH-DTL

tuner ( X 6)

Synchronous phase array

¢ s[degree]

‘ ! . ! . | .
0 5 10 15 20

Cell No.
2022/8/31

Drift Tube (DT)

TE110 mode (H mode) cavity
n mode operation (i =%
Alternative Phase Focusing (APF)

Structure

fO

Operation mode
Wi,
W

Cavity length

out

# of cells

Bore radius

?s

Max. E,

ZTT

Max. surface field
Nominal power
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APF IH-DTL
324 MHz

T

0.337 MeV
4.26 MeV
1.32 m

16

11.4 mm

-44 ~ 48 deg
10 MV/m

68 MQ/m
35.6 MV/m (2.0 E))
310 kW

10/20



=47
acce‘,e,at,-o,, IH-DTL fabrication

monolithic DT structure

Fabrication of IH-DTL was completed.

" 2 )
On-axis field measurement

|

Frequency shift (Af/f)
o (field)?
T IIIIIIITIIIQ!
- S
g
)i Bl [

0 Lol - bt (o —_—

Field error < 2%
(within requirement(< 2%))

_5f_ (Data) - (simulation) —f

1 L
0 500 1000

Field error [%]
i
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Cc

Cavity Power (P ) [kW]

Pressure [Pa]

=/7 High power test of

S A, the IH-DTL prototype

Conditioning (— 75 kW) Holding ™ (— 88 kw) Holding
|_Rep.rate =1Hz i5Hz i25Hz (25Hz _
| Pulse width = 20 s 20ps 20ps 40 ps T RFdown |

: : | (25Hz, 0us) |
100— —
- Nty )
50— —
- Ak —
0 ] , A [ IR ] . | 1
T ' T . L B |

10° — .

H il i
i FL\M 5 k ”h\: ( il
nl ﬁM \ M V]
5x10 ' B
4x107 - | \ .
3x107 | | * .

| \{ |

4| | " \ '

2x107" [ A T I A T B
0 10 20 30 40 50
Integrated RF on time [hour]
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RF circuit
%203D—77D)

V7 | Y- Nakazawa,
== | MOPORI22 |

Verify fabrication methodology with 6-cell IH-DTL.

After 30 hour conditioning, 75 kW, 25 Hz, 40 us
was achieved.

No trip 88 kW (10% higher voltage )7 h operation,
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2.5 MW L-band 2.5 MW L-band 2.5 MW L-band
klystron klystron Klystron
Module 1 H Module 2 H Module 3 H 16 m (14 tanks)
be | w2 | be | wnks | be | tanks tank5 | bc | tanks | bc | tnk7 | be | tnk8 |bc | tanko wikl0 | be | nkil | be | tki2 | be | wikis | be | wnkia
B=0.27 Structure DAW CCL p=0.7
l f, 1296 MHz
Operation mode /2
Wi, 4.26 MeV
W, 41.4 MeV
Section length 16.15m
# of tanks 14
# of modules 3
; — # of tanks / module 4,5,5
| 1 # of cells / tank 11
1L hibLRDleld Bore radius 12 mm
S P -30 deg
W~ Ak E, 5.6 MV/m
— Co-axial bridge coupler ZTT 18.6 ~ 62.7 MQ/m
DAW tank (11 cell) Max. surface field 28.9 MV/m (0.9 E,)
Max. power / tank 420 kW
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T Fabrication of DAW 15t tank (2O @

 Fabrication of DAW 15t tank is now underway.

Stem (Before coating) Washer
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acceg,:onblsk Loaded travelling wave Structu:ﬁ»’ v © @

One 50 MW Klystron can drive 4 accelerating structures.

PULSE MODULATOR Structure Disk loaded TW
I%J . To ] f, 2592 MHz
SLED -
L EEE#F Operation mode 2m/3
ACCELERATO“I;{AVEGUDEgTE C Win 41.4 MeV
ﬂ Q-MAGNET Q-MAGNET Q-MAGNE Bein__ WOUt 2124 Mev
100 MeV/c | | 300 MeV/c SeCtion Iength 98 m
o DLST IDE-Q m biss oust # of acc. tunes 4
£ 100 | 5 | 200 © # of cells / tube 63, 63, 60, 60
90~ 4180 —
g 80| 160 = Iris aperture diameter 2a 22.6 ~ 26.4 mm
70 1140
E 6o =120 Ps -13 deg
50 *3100
€ 40F —80 Max. E, 21 MV/m
E 30 260
Qo0 ! ! ! “40 Z 32.2 ~57.0 MQ/m
@ g Max. power / tube 40 MW
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Regular cell : 68 :

----------------------------------------------- a
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1 2 3 4
—mm C L L L L L e
Proto-DL =1} RN RN =
-l | A O -f
- § Jpstream upstream ___ downstream downstream
3 “§ Disk  oupler cell 8 cell i = 8cell coupler cell
§ \ - Fine tuning with detune rod
Coupler \ |
§ § 2b Note: distances are different (DLS1 downstream)
cell a8 Lo SEEEEE

RIPP TP
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—
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2022/04/15 Muon LINAC Meeting : Kazumichi SUMI 5/16

16/20



=17 P
7™ E2E simulation é,?(ﬁ) @

acceleration
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E ¥ E ¥
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ac;ec:,,, Upcoming beam test plan

- U

e

iLine Scale is arbitrary | ||| ¢
High Momentum |
Muon Beam Line

S-Line,
Surface Muon

Beam Line
| "

Upto IH within
existing building

¥ J USM acceleration

h < ;. D-Line
Muon Beam Line

ioneam using test RFQ
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And finally, extend
the building
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7% Overall schedule of E34

acceleration

(F© @

FY

2021

2022

Construction
budget assumed

Budget

2026 2027 and
beyond

to be authorized | surface

% Beam at H1 area

% Beam at H2 ared

muon
| |
Bldg. and * Final design * Completion
facility
M n L
uo % [lonization test @92 % lonization test at H2
source

Data taking

LINAC

% [80keV acceleration@S2

Ve

* 4.3 MeV@ H2

% fabrication

Injection and
storage

.

electron injection teg

% Completion of t 45\/7 @@@@W@ﬁﬂ@m n injection

Storage
magnet

Detector

ready

* B-field pr[ﬁj@ﬁ_‘ * Install

% Quoter vane prototype % Mass production ready

% Shim

* Installati

DAQ and
computing

% grid service open % small DAQ system
% common computing operation test
resource usage start *

Ready

Analysis

% Tracking softwarg ready

% Analysis softwarg

ready
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* We are now developing the world’s first muon linac.

* Design work is almost finished.

 Among 4 accelerating structures, RFQ and IH-DTL are ready.
» Fabrication of DAW is started, and prototyping the DLS.

Construction budget is expected to be authorized soon. We are moving
from design phase to construction phase.

This work is supported by JSPS KAKENHI Grant Numbers JP15H03666, JP18H03707, JP16H03987, JP16J07784, JP20J21440,
JP20H05625, JP21K18630, JP21H05088, JP22H00141; the JST FOREST Program (grant number JPMJFR2120); and the natural
science grant of the Mitsubishi Foundation. This paper is based on results obtained from a project commissioned by the New Energy and
Industrial Technology Development Organization (NEDO).

2022/8/31 Y. Kondo LINAC2022@Liverpool, Merseyside, England 20/20




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


