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Design of a strong X-Y coupling beam transport line for J-PARC muon g-2/EDM experiment s
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1. Physics goal: Explore the beyond standard model
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‘Non—zero observation = new physics ‘ . N .
Standard Model expects ~ 2 x 103 e-cm Mission of the beam transport line : BT . radius (deg)
Upper limit (E821) < 1.9 x 10%e-cm (90% CL) 1. Transport muon beam from the exit of the muon ar de':}(gz:izsljnegtg;Lg Effective length 0.25m [mm]
E821@BNL, Phys. Rev. D 80, 052008, 2009 LINAC to the injection point of the storage magnet | Bore K[T/m] | AT 30 0.71 -252.8 |28.4
[ o(d,) <1x107?'ecm ] 2. Apply appropriate “X-Y coupling” for “3-D spiral — radiusfmm)]
beam injection” | —= Qi1 |10 -18.1  |-720
. _ _ 3. Control injection angle (beam line slope of 26 degree) b | 30 1.04 -372.0 |28.9
2. Muon spin precession probes g-2 and EDM...catch the new physics! Q2 |10 17.4 691 5 g 68
T 30 -0.64 -230.8 |-36.
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9. 1y control is a key to control reasonable beam size

We aim sensitivity of

30 0.64 -229.6 |32.8

.............................. !........!........'........'........!........!.......!........'........!........'........!................!........'........!................!......

. (5)Injéctibn poiht

EDM upper limit ~ 1e-19 e.cm

ui Xrms [M] ~ [ewwo Yems [M]

Compare beam size for
entire transport line e A S S I P
E E - typ2 .

0005 | |- C N -
1mrad L A [P0 T S S . | SRS s T . — with/without n, control.  ...f Acceptable RMS. o B oo

(0.006 degree) 001 (1)LINAC EXIT > \ ; : : nY 0.0 - ccepgtab e S :
: : : 002 Ny - N/O -omtrol i 1,,,15:_beamRI\/|S<:|_Qmm ___________ P 0.015

Store muon beam in the uniform magnetic field (<o.1ppm)
Very precise control of the muon storage orbit
i

@ Angle between w, and magnetic field B is estimated to be 1mrad i 0.0 50 o 0 0060 ¢/008 0.070:07% 602 ' D T _MEEI L e : 001
assuming EDM upper limit from the previous experiment. ] ! — SR R 0 M T % : 0.005 -
@ If we measure such angle with o.01mrad precision, we perform Without X-Y O Drift space 0'2 With X-Y f \
very precise EDM measurement with 100 better sensitivity than coupling 1 3.5m - | coupling e

: Seven rotating quads. Sl e s
previous exp. Control n, especially at

r 3 :0.45 tatisti | taint N exit of bending magnet
g-2 :0.45ppm (statistical uncertainty) 4-D phase space

Goal: (2021-E989 0.46ppm) 6. How to control eight twiss parameters with -
L EDM sensitivity:1.5e-21 e.cm ) | rotating Quadrupoles? X-X' Y 3
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3. Apply medical MRI type superconducting magnet technology
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Superconducting solenoid magnet

beam y=3 : /! 2 otating quadrupole : 1
= on s 4 e/ - ooty 10. How to control rotation angel at 26 degree slope beam line?

e (arbitral angle)
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ng coils (Five il Normal quadrupole Useful to apply X-Y coupling

: . ' ; , : ~ - _ Effective length = 0.29[m]
thick coils) —— *: . oy, ) | | X xax | Sgamare! | (57 207 || ey, Design works for Quadrupoles  Bore radius o.03 [m!
— i motion horizontally (X-axis | <X*>ocf, | beamphasespace |: §<X, > <x'v"> ) o _ , K=2.5 [T/m]
i and vertically (Y-axis). Beam <YY'> oca, G,= = T L : <X Y>'<>_< Y'> and mechanical de5|gn of —
i goes along Z-axis. g .|| relate with support system is ongoing.
al We fabricate Q10 and its
Twiss parameter: a,, B,, @, B,, and ry-r, for X-Y coupling: Eight independent parameters. support-system in this FY2021.

Thinner coils for
weak focusing

Diameter of storage orbit is only 0.66m. ' 5. A key technology for 3-D spiral injection scheme: “X-Y coupling”? “Cross-roller Ring” is suitable to support

The smallest storage ring for relativistic energy beam in the world! How to inject the beam Dedicated control of muon beam phase space to inject beam into “axial symmetric” magnetic field. massive magnet and control arbitral

into MRI-sized compact storage magnet? We need to control eight independent parameters of phase space. rotating angle.
(Twiss parameter: a,, £,, a,, ,By, andr, r,, ry, r, for X-Y coupling)

4. Newly develop 3-D spiral injection
a . With X-Y ) Elevation,

r:uunzefringeﬁeld\ New idea and unprecedented scheme! ~coupling....| “w coupling | '™9eneral, beam motion in horizontal W W o roontal
Radial field By S A S\ | andverticaldirection controlled WYY ,

deflects beam Beauties: independently by use of normal

R direction and ] . o] rupol s
Wbeam  changes € Smooth connection between injection and , : quadrupoles.

{/ storage sections without any sources of error L .~ : 11. Sum ma rY a nd NeXt
field | ? : _ ® Design work for the transport line (LINAC EXIT ~ injection point) is
@ A unit of magnet does work for this method : : ® Preparation f.or newmuon g- . ongoing.
‘an Idecreta.'selslgulzc:s' ot error f'ell‘: — ’ N smaller 2/EDM experiment at J-PARC is ® X-Y coupling for the injection beam is important for 3-D spiral
vertical KICK auring several turns 1 o ST — - 5 s .
PPy " ‘~ : “ A ONJoing. injection scheme.

(easier kicker requirement) pié B T e - : : :
® Muon g-2 and EDM probe new ® Set of rotating quadrupole magnets control appropriate X-Y coupling.

272 E e 4 ' | i N IF\)AhycTICIS YRl s SRkl ® Beam injection point is below 4m with respect to the beam line
A — T T D 1 & _ & . D'O < 1 | height of LINAC, and transport line need to treat 26 degrees slope.
; vadrupole does help X-Y R Iscrepancy between experiment g pjachanical design work for quads’ base (right pict.) is ongoing.
Storage orbit plane q up nelp and theory > 4.20. ° i h a aF.
\couplmg appropriately ) We will have a muon beam ~FY2026.
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3-D spiral trajectoy

1 Vertical beam

Storage orbit plane Vertical kick
Dedicated control of muon beam phase space to inject beam into “axial symmetric” magnetic field “X-Y coupling” is a KEY.




