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Dipole Moments
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A T violated and highly
suppressed in SM
(d~1038e cm)

A Current direct limit is
<19 10%¥e cm

Beyond SM can be surveyed via dipole moments.
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Measurement and SM Prediction

QED Hadron/c

Muon g2, SM prediction and measurement contour at d & g2
QED contribution 11 658 471.808 (0.015) x10~1%  Kinoshita & Nio, Aoyama et al

\L Bailey et al. [1978]

EW contribution 15.4 (0.2) x10~10 Czarnecki et al

Hadronic contribution
LO hadronic 694.9 (4.3) x10~ 1 HLMNT11
NLO hadronic ~9.8(0.1) x10~1° HLMNT11 easurement 2004
light-by-light 10.5 (2.6) x10~10 Prades, de Rafael & Vainshtein

Theory TOTAL 1 659 182.8 (4.9) x10~10 \Lsmkhaveng-z
Experiment 11 659 208.9 (6.3) x10~1C world avg dlirect limit [2008]

Exp — Theory 26.1 (8.0) x10~ 10 3.3 o discrepancy

al\P [1077]

(Numbers taken from HLMNT11, arXiv:1105.3149)

D. Nomura, tau2012 Nucl. Phys. B613, 366 (2001)
Needs more precise meas. for-§ and search for EDM < 18°
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Measurement Method

A In uniform magnetic field, muon spin m
R, £ /&
rotes ahead of momentum due to@ O UG
I And spin direction is reconstructed
by decaye

Q!

é’):—i{aﬂ1§+g[,§xl§+gﬂ :—E[a B+2 (ﬁxB)}

m C m

BNL & FNAL J}PARC (new method)



BNL & FNAL - Experimental Technique

narrow bunch of Xc @
protons ba 10 mr

Pions — Inflector

p=3.1GeV/c
Target

AMuon polarization
AMuon storage ring ,
A , 0 |

Afocus with Electric Quadrupoles |} |Zorage Kicker

. \ ring Modules
A24 electron calorimeters \ R=711.2cm
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Slide by Lee Roberts



Uncertainties

Large
emittance
beam N\ Less

Rinjectio Gain changes
Pileup
Lost muons
CBO
E and pitch
B field

Cited from Fermilab-FN-0992-E

Low emittance muon beam offers better precision
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Experiment @ JPARC (E34)

A Measurement of g2 and EDM with low emittance muon beam

#1 1 OAT OET T Al t AAAI
(large emittance)

Cooling & Acceleration
O Low emittance muon beam

Goal
Ansgpbbi -ZEl O =
A 102e cm< EDM

_detector
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Low Emittance Muon Bam
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Summary of Introduction
A4EA x1 Ol Ad hacst@ightn heg@hdlSM via
precise measurement of 2/EDM

2016 New Year's Address
January 14, 2

Thank you all f r a productive

and fruitful

of the natural world in

this way ever since the dz w the unknown

how dc ne come to know the unknown? Methodology varies widely by research field, but in the field of

which KEK is a part, accelerators, which accomplish pre s impossible feats in the demonstration of
phenomena, play an indispensable role.
creation of accelerators with world-leading performance, delivering higher levels of energy or intensity than ever

before to reveal as-yvet-unknown universal natural laws.
. - - - - ]

In concrete terms, this means that KEK's contribution to sci e lies in the
: e
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Summary of Introduction

A The muonlinac will promote other science fields.

Mobile TeVmuon
Ultra slow muon source for muon
microscope tomography

J-PARC 4 MeV muon
. Itrahieh vac
Ultrahigh vacuum

Mu target
Lyman-o laser | =
E 4

Electrostatic

Quadrupole Lens

/
Kitty Hawk Base
|
Utra
Muon
Mass separation

device E RF accelaration
! 0.05 keV-10 MeV

uSR spectrometer = Beam size
Magnets I mmg@-10 pm ¢
Positron detectors

Loadlock Chamber

DOI 10.1007/510751-012-0759-4  Proc. Of New Initiative on
Lepton Flavor Violation and
Neutrino Oscillation (2002) 12148



Muon linac Design

Accelerating

/ field

D g
o
l L 7 O T

|II l|l I
".\\/.f Bean[ bunchll\l! j’/

ngre 1.1 Concepi of the Widerse drift-tube linac. Figure 1.3 Beam bunches in an RF linac.

Thomas PWangleh 02 & , ET AAO 1 ABKHT A
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Velocity Evolution

A Muon LINAC is first case in the worl® need design
A Velocity is a guide for the design (b/ccelllengtlr 1 3 T O

KEK Buncher exit ;
' DLS e@xi

KEK Gun
ACS | exit

_________________________ e

[ns11raev} u . / SDTL exit

......................... G Ty wevey/

IHe it/ (938MeV)
: DTL exit

- RF{] exit : .
I Imac init. ace. : RFQ éxit

10 107 10°
energy (MeV)

N N Pl N 7 LI

A% PITU A EUAOEA AAOECI AAOxA,
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Configuration

JPARQG
50keV 3MeV 50MeV 191MeV 400MeV
b=0.01 b=0.08  b=0.3 b=0.6 b=0.7
s—rFQ—DTLt sor. —[INEGEN =
|
I 3.6m 27m 91m 689:;/'2\/
250m SCL g
. *not yet installed
mlinac |
1
5keV 0.34MeV 4.5MeV 43MeV
b=0.01 b=0.08 b=0.3 b=0.7 212MeV
6 G- I — WSS =) o
l 3.2m 1.4m
35m

A Similar configuration to JPARC except
I Disk Loaded Structure (travellingwave) 8 SCL
I Shorter length
i Zero current (~104t */pulse) 15/43



Radio Freqguency Quadrupole (RFQ

Electrode modulation for
longitudinal field

Schematic view

v Longitudinal bunching Y . B oo | Beam species 5
. ' el Mass (MeV/c?) 039.302  105.658
v RFQ originally ,, ] | & SER 1ncction 0010318
| p U = S| Injection energy (keV)  50.000  5.625
developed for J-PARC W ! R Exivaction 6 0.079732
: : % '\\‘:\ : SRR | Extraction energy (MeV) 3.000  0.337
LINAC is available o1 Y | Inter vane voltage (V) 82.879  9.324

Nominal power (kW) 330 4177

16/48



Simulation Results

A Transversexy AT A 111 CEOOAET A
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Good transmission (95%)
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Alvarez and IH DTL

& Because the RFQ acceleration efficiency decreases with 32,
other structure is necessary.

Alvarez DTL IH DTL
rl 3B ¢a 1 7c¢y 3B A
b
S e eV P = FT ] beam
O O

& Acceleration with short period is important to avoid decay
loss (t,=2.2 usec) — IH DTL is adopted
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Longitudinal & Transverse Motion

\-/ beam

0

B
longitudinal: focus longitudinal: defocus
transverse: defocus transverse: focus



Alternative Phase Focusing (APF)

Crf. PARC LINAC SDTL

¢ ®n < 0 in conventional LINAC and the
transverse focusing is done with
additional structures
— longer length / higher cost ®

Figure 7: SDTL @ L 1 77 b

OHO 2001, Ikegami

& ®n are changed periodically so that alternating-focusing forces
are applied in transverse and longitudinal directions — APF

© No additional structure for focusing
— shorter length / lower cost

@ limited to lower current beam
— does not matter in the muon linac (*zero current)
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APF IHDTL Design

2 {®n} for APF Entangled problem:
Dynamics© {& 1} © cavity © RF field©

2 CaVItYdeSIgn $ UT AI’ E A 08

A To solve it, procedures are divided into three steps:

1. {5 1} optimization with the analytical calculation of the
beam dynamics

2. |H cavity design
3. Numerical calculation of the beam dynamics
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BeamDynamics &5 | optimization

% Dynamics are calculated by approximating the gap fields as
rectangular profile.

Yo nNOYATO o®w no EBHEEAT A

o : y j

i ) [p C 1) ]
“YOransit Time Factor, represents time variation of the field.
Optimized s T

& {®Pn} is optimized by a subroutines
for function minimization (NPSOL).

& Minimization function is
constructed with
Ae X AE XN,

22/48



Cavity Design
& Overall structure is necessary for the cavity evaluation

— Three dimensional model is constructed in CST MW Studio

Drift Ridge tuner
tube

& Some dimensions are optimized so that the acceleration
fields are smooth along the gaps.

& Cavity radius, cavity taper, ridge tuner...
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Before/After Optimization

Frequency 323.1*
E L Before Length 1.44m
3 QO 1.07x10%
3 ZTT [MW/m] 92
% 03 l Power [kW] 250
< Emax 1.9 Kilpatrick

* For room by tuners

Optimized well
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Tracking Result

% Finally the dynamics in the RF field are calculated with GPT

© General Particle Tracer, 5" order embedded Runge-Kutta

Succeeded to focus transversely by APF 2sias



Phase Spaces & Emittance

IH dynamics, emittance growth along z

o Aey

X Aey

o]
s
g
=
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w
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Ae, w/o E, and H,

Emittance growth is sufficiently small

will submit paper to Phys.Rev.STAB soon
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