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Higgs discovery completed particles in Standard Model and
stimulated our hope to beyond SM.
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e BNL E821 reported g-2 with a precision of 0.5 ppm in 2006.
e Discrepancy Aa,~26 x 10~'°~3¢ has not been resolved yet. |
kIndicates new physics in electroweak scale (a;" ~15 X 10‘1:’

Hope of new landscape near us.
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Intro

g-2 [a,-(g-2)2] Measurements

Polarized muon beam injection.
2. Muon spin precession relative to
momentum ~ a,

3. High energy decay-electron ~
spin direction.

# of decay-positrons

Time
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Intro

Measurements @ BNL & FNAL
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# of decay-positrons

PHYSICAL REVIEW D 73, 072003 (2006)

Final report of the E821 muon anomalous magnetic moment measurement at BNL

G.W. Bennett,” B. Bousquet,'” H.N. Brown,” G. Bunce,” R. M. Carey,' P. Cushman,'” G. T. Danby,” P. T. Debevec,?
M. Deile," H. Deng,'® W. Deninger.* S. K. Dhawan,'* V. P. Druzhinin,* L. Duong,'” E. Efstathiadis,' F.J. M. Farley,
G.V. Fedolovich,3 S. Ginm,'" F.E. Gray,k D. Grigonev;‘ M. Grosse—Perdekamp.” A. Gmse,marm,7 M.F. Hare,'
D.W. Hcrtzng.“ X. Huang,' V.W. Hughcs"g'* M. lwasaki,w1 K. Iungmann."'_" D. Kawall,'"* M. K.:wv:mlum"2 B.L Khazin,“

J. Kindem,"" F. Krienen,] L Kmnk\'ist,m A, Lﬂm,I R Larsen,2 Y. Y. I.Aaf:,2 L Logashen}m,"3 R. Mv:l‘~le|l:"t),""R W. Meng.2
1. Mi,” 1. P. Miller,' Y. Mizumachi,'" W. M. Morse,” D. Nikas,> C.J. G. Onderwater.*® Y. Orlov,* C. S. Ozben,>*
J.M. Paley,' Q. Peng,' C.C. Polly,” J. Pretz,'® R. Prigl,? G. zu Putlitz,” T. Qian,'” S. L. Redin,™"* 0. Rind," B. L. Roberts,'
N. Ryskulov,” S. Sedykh,® Y. K. Semertzidis,” P. Shagin," Yu. M. Shatunov,” E. P. Sichtermann,'* E. Solodov,”

M. Snsqnng,“ AL S[cinmctz"'% L.R. Sulak,' C. Timmermans,'" A. Trofimov," D. Urner,® P. von Walter,” D. \)«hirhurl-:m,2
10

D. Winn,” A. Yamamotu‘u and D. Zimmerman

(Muon (g — 2) Collaboration)

BNL E821 achieved 0.5 ppm.
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LINAC2016 Intro

Measurements @ BNL & FNAL
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negligible

Sk W [CHEP2016,
R 0w C. Polly & E. Swanson

N FNAL E989 will start 2017,
o™ aiming 0.1 ppm
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Intro

Uncertainties Breakdown

Cited from E989 TDR.

Error [ppb] BNL FNAL
result goal [ Beam spread > 1

Lost muons 90 20 ° | ring acceptance
B field 170 70 <—[ Big T_[ Magic v } A
CBO 70 <30 | ‘Storage f
E and pitch 50 30 ( Strong E }_
Gain changes 120 20 | focus
Pileup 80 40

BNL u beam at the inflector exit

L Large emittance beam J

E £
= =
5 5
-10|
40

20 o 2 ynj?mm] 1020 0 20 30 60 80
Cited from Phys. Rev.

Low emittance beam offers
independent & precise
measurement.

[mm]

D. 73, 072003, 2006.
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LINAC2016 Design

Ultra-Slow Muon (USpu) Source

Ionization

lasers
Electro-static

lens

-

Surface p
(4 MeV, g~ Mu (p* usp “%
1000 m mm mrad) (25 meV, .
! 5 keV
p~3keV/c) !

& ~ 1mn mm mrad

/ﬁl //é/é.// %f’lf?fj/ 7986, | Thermal Mu in vacuum [PRL.56.1463. 1980.] q

L 7988 Mu resonant ionization via 1s-2s [PRL.60.101.1988] 4
7995-2008. | USp(@ KEK & RAL[RRL.74.4811.1995, NIMB.266.335.2008. | |

2074 High-efficiency Mu target [PTEP.091.C01.2014] <
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-PARC g-2 Experiment

Ultra-slow muon
(USp) source

© Compact storage
© Large acceptance

storage ring &
detector

Goal: g-2 with 0.1 ppm and EDM up to 10?! e*cm



-PARC g-2 Experiment

Ehieky s

|

|
1 ‘ﬂl ;
Ultra-slow muon il
(USp) source

© Compact storage
© Large acceptance

_g-2 correction

Field index

©® Weak B focusing (n~1.5x104) T RIS
© Polarity control

Goal: g-2 with 0.1 ppm and EDM up to 10?! e*cm



-PARC g-2 Ext er1ment

In flight, S. Art/kova THPRC028 [ A

o LINAC

At Mu

-2 correction

g

© Compact storage
© Large acceptance o |
© Weak B focusing (n~1.5x104)
© Polarity control

Goal: g-2 with 0.1 ppm and EDM up to 10?! e*cm
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Intro

Collaboration Status

GEE e

137 members from 9

&4 Cordi , countries, 49 institutions.
e Submitted Technical Design Report.

- aims 0.4 ppm as stage 1.
e High priority in KEK Project Implementation Plan.

e Detailed review to move construction stage is organized in
this year.

Start experiment 3 years after budget approval
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Design

Muon Linac Conceptual Design

NC proton- & electron-like linac with 324 & 1296 MHz.

[Riglh
40 MW L-band Klystron, quality ety resources
originally developed for * 300 MeV/c with small nd eyx o
KEKB linac, is available. emittance growth PErENCES

for 324 MHz I|nac )

* Timely manner to Cheaper is better, of course. N LG

FNAL g-2. * Two big facilities Japan
« Bigger impact in soon: J-PARC and
LHC era. SuperKEKB
Cost
Fast

paS]ZOII TUPS158 effective



Design

5.6 keV 0.3 MeV 4.5 MeV 40 MeV 212 MeV
B=0.01 B=0.08 B=0.3 B=0.7 B=0.9
USu RFQ IH-DTL — DAW CCL — Disk-loaded —»
) 3.2m 15 m
Total ~ 40m
Energy [MeV] 212 _
iitens Ty [T 106 Several structures to cover wide 3
_ _y — Rapid B evolution due to small
Repetition [HZz] 25 Mass
Pulse length [nsec] 10 Low current, low duty.
Normalized &, 1.5 Needs fast acceleration to avoid
[T mm mrad] decay loss.
Ap [%] 0.1 - T, = 2.2 Usec
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Design

RFQ

e J-PARC H- spare is used.

— Inter-vane voltage is scaled
by mass

e Simulation shows good
transmission to muon.

T T STy o, MR, - T
- - : -

f [MHz]

Length [m]
Energy In

[keV]  out
Inter-vane V [kV]
Power [kW]

Good transmission (95%).
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LINAC2016 Design

Interdigital H-DTL

e H-mode + alternative phase focusing (APF) for high-efficiency.

e Rapid velocity evolution
— Optimization of ®_ and
cavity for ideal APF are

essential.
&, optimization by On-axis field before/after
annalytical calculation IH cavity optimization
) %é ----------- Before optimization
% i & ---- After RT&CT optimization
ﬁ 501 _g\ —— After R, and Ry optimization
2- [ E 1= Eod
[ ’ = il ,\
of E | ( |
i . . | L
. = 0 5-f | ( i
50} l ' 4 |
I i 1
i :i{ i) | Fy
0 5 10 15 20 Gj’L '

gap#
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Design

Interdigital H-DTL

e H-mode + alternative phase focusing (APF) for high-efficiency.

e Beam dynamics evaluated
by numerical calculation
— € growth is small

enough.

5 T A f [MHz] 324

£ 006 Length [m] 1.3

= x A€

= | y Energy In 0.34 (0.08)

B 0.04 v, Agy w/0 Ey and HX ))(,\\mmg; [MeV] & B Out 4 5 (O 28)

w p

T i  of el =
04 06 08 1 12 D, [deg. ] -44 ~ 48

Z [m]

M. Otani et al, PRABI9, 040101, 2016. - Finish beam dynamics design.

19/25




LINAC2016

Disk And Washer CCL

e CCL with simple structure and high dispersion (8=0.3 model)
coupling constant.

* Needs design for wide 3 (0.3~0.7)
— semi-automatic algorithm for
cavity optimization was constructed.

CST models

GHz

*po>00«4r-ne
-
=
o
ﬁ

proto-type drawing

Under proto-type evaluation.

Sep. 30th, 2016. DevelopmentiofiaiMuoniLinac | for.the/g=-2{EDM experiment at J-PARC M.0tani KEK;Japan 20/25




e Because DAW starts from low-f3
region, RF-defocusing is dominant.

e Design with 0,<90° to achieve
stable beam dynamics.

Design

Dynamics Design

f [MHz]

D, [deg.]

Power [MW]

Length [m]
E, [MV/m]

1296
16
5.6
-30
4.5

LI L S S

€[r mm mrad]
o
'S
I

Xy vz A8
1.300 -.hh
Etructnras 1

Y Y wugh
1.300 -1.3400 =
Llefr 2

Lano 0.2"_"5".

Fovs.
LAl

—.BhO

110

gp| FTE ws. PRi-Baay 0 20 40 60

=. 500
1.300 -60.0 -30.0 0. 0.0 0.0
E -3ip_{0d

Finish dynamics design.

H ;::i
OJ:IIJII\I\IJL\

80

N
100

-
120

P
140
Cell#
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Design

Disk-loaded

e High-gradient acceleration.

e Due to B#1, synchronized B cell
design is conducted.

= Y-Y : -

1 . For KEKBrlinac

, gu’ﬂwﬁr

IEN | f[MHZz] 1296

<t 5

| 1010 * * *.i 10 mim Energy In 40

1®ﬂ<j’— — 1/ — [MeV] " out 212
M S ) | EIMV/m 20

= T O [deg.] -10
= T N | # modules 4
e e e ey e "10. Zu'zzﬁ(ﬁm)

Finish reference design.
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Design

Desigh Summary

Emittance evolution

il
= "X
g 0.4 + Y
= J.‘\ ]
IE' i " Je - e e e O T s S S ———
¢ L S R
0.2 "’#!"""*#ﬂﬂ‘-—-h—mv

* DAW CCL DLS

requirement

€ —1-5 T mm mrad

0 . | L | L |

0 10 20 30
Z[m]
Init. RFQ
Decay survival [%] 83 81
Transmission [%] 87 95

99.9

Momentum spread

uEvents

000
Epean=300.1 MeV

RMS=0.04%

2000

1000~

Apdesign
= 0.1%

1 1 1 1 J L n
?98 300 302
Momentum [MeV/c]

IH DAW
98 96
99.5

DLS
99
99.9

Comparable to the requirement.
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Status

Muon Source (New 1 Beamline)

e Front-end solenoid was ready.

e Part of the transport line
constructions is conducted in :
this Summer.

M captur
solenoid &

Prlmarv muon beam will be avallable soon
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Status
LINAC2016

First Commissioning Setup

exerient

‘

H1l area

MCP-based
profile

PN L v RFQ |

nl_&". ' 3
pe & e

» iy - |
Deceleration (~1keV) and
Initial acceleration (—5.6 keV)

Sep. 30th, 2016.



Status

Demonstration of Deceleration and Initial Acc.

@ J-PARC MLF test muon beamline, Feb. 2016.
-

Deceleratlon and

V |n|t|al acceleration. Time of Flight
'\\ =
..... ; 45 ;Data
o300 Muon
1t:m§: u/()/
éiASmulatlon
D =
g 300
#jZE: / Proton
OO """""""""" us

Slow muon source is ready.

26/25



Status

RFQ Offline Operation

@ J-PARC LINAC facility, Jun. 2015.
M Nominal power (4.6 kW) and duty operation.
] No RF- reIated background with MCP.

jus

T

8

-~

g _‘_ I [
3

5 L

-9

o

=

| 1 |
no RF SkW, 20usec, 6kW, 20usec, 6kW, 40usec,
25Hz rep. 25Hz rep. 25Hz rep.

RFQ is ready.
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Summary

Summary

e Muon linac is being developed for new g-2
experiment at J-PARC.
— 30 discrepancy between SM and measurement in g-2.

e Reference design for the muon linac has
completed.
— Finish IH dynamics design [PRAB19, 040101, 2016]
— Finish DAW design and test proto-type.
e Muon acceleration with RFQ is planned, which
will be first case in the world.
- Primary p beamline is being constructed.
— Slow p and RFQ are ready.
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LINAC2016

Thank yeu fer your afttention. q

Sep. 30th, 2016. Developmentiof/aiMuon|Linac | for,the!g=2/EDM/experiment ot J=PARC{  M.Otani KEK Japan!
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