Measuring the Electric Dipole Moment of the Electron in a Two-energy Spin-Transparent Storage Ring
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Introduction . . Mott Polarimeter & Statistical Uncertainties
T | Electron Spin-Transparent Storage Ring

This contribution proposes a new design of a two-energy storage
: : Detector C ;
ring for low e.nerg.y (0.2-2 MeV) polarized electr(_)n bunches [1]. > In ST mode, any spin direction repeats after a particle turn along periodic orbit in e.e C;:) 3\/62:?98
The new design Is based on the transparent spin methodology storage ring — an ideal definition; but it can be approached with a high precision . 0:90° - 160° DeteCtor DeteCtor
that cancels the spin precession due to the magnetic dipole |
moment at any energy while allowing for spin precession induced > !Best example is a figure-8 magnetic or electric ring; here global spin tune is zero CCVV peam CW Beam
by the fundamental physics of interest to accumulate. The buildup independent of particle energy U

. . . nm roi
of _the vertical component (_)f beam pOIE_mzatK_)n can be measurea > Remaining challenge is to compensate for misalignments and spin decoherency 2380 ,
using standard Mott polarimetry that is optimal at low electron due to beam emittances ’
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energy. These rings can be used to measure the permanent

. : : . . | Sub d -¥:
electric dipole moment of the electron, relevant to CP violation https://doi.org/10.1103/PhysRevl ett.124.194801 / L0 win T\ ;eztr;ageu?nnp

navigator

and matter-antimatter asymmetry in the universe, and to search

for dark energy and ultra-light dark matter. https://dol.org/10.3390/sym 13030398

« Statistical uncertainty per fill with
continuous Mott measurements:
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are deduced from neutral olecule Upper Limit Model B CCW EDM
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> Direct measurements only for  ThO / Manipulator

* In one year:

— Electron  <1.1 X 10?% 1040 Mott PE—

neutron and muon Sojarimeters - m Precession Qrpm 0.48 nrad/s |
> Muon EDM limit is from muon  *°He . " —84.10"2% ¢ . cm Frequency (calculated assuming 1 -
: — Proton <2X10% 10732 — —29
g—2 experiment granslport Polarized 107%° e-cm)
» No measurement of deuteron Neutron <36%10% 103 CW Samines Electron « Current limit from ThO molecule: Spin Coherence | SCT 10000 s
or any other nucleus : _ _ Source d, <1.1%x107%°e-cm (90% C.L.) Time
Radially Polarized
Muon <1.8x 10719 10-3¢ Electron Beam
DE/DM ST Ring » Further optimization and improvements will lower this limit
https://doi.org/10.1103/RevModPhys.91.015001 toless than 1.0 x 1072 e - cm
EDM Searches in Storage Rings EDM Spin Field | Systematic Uncertainties
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* Measurement of EDM relies on measuring spin precession rate in ON 1-y2p26 1-y2B26  y, +.[y2— 2 2 « Counter-rotating beams (with both helicities) will suppress some uncertainties
an electric field of a particle’s rest frame, ? = [I X Bypg + d % E ost ¢« d,=10"%°e-cm,n=1.04-10"18 » Elaborate state-of-art shielding of background magnetic fields is practical since
‘ ST ring is very small but electron lighter mass (relative to proton) increases
» For a charged particle moving in electric and magnetic fields given - EDM spin rotation per unit n and unit time is 8°[Ygpy|/(0n0t) = f. 8%[Ygpu|/(OndN) where f. is beam circulation frequency sensitivity o these fields L .
in lab frame, generalized Thomas-BMT equation of spin precession * With coasting beam, ST ring cannot store all polarization states (longitudinal,
s « Assume bending and accelerating/decelerating electric fields of |E| = 10 MV/m and a packing factor of 0.5 vertical, and radial) and with both helicities (positive and negative) at same
is: == = (Bypy + Bepm)S, with: J J J B P J | time — a major challenge to control systematic uncertainties
1 — — - — 2 0.8 2|ysT 5 . . . =
B, — _g%(_gn +E, + 3 x B) ) e Vbl 10° agsec az . > New Design: use bunched instead of coasting beam
! | I m e 1x 107 radsec S ummar
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Choices for storage rings: @y, ypy = —% (GBy _ i Ex> S Rl +2d - 048 - Presented approach has following advantages:

. . energy-independent spin tune, long SCT, bunched and un-bunched (coasting)
1. All-electric ring (B,=0) with y2 =1+ 1 . described as Magic- " be_a_m, any energy, spin-ach(omatic beam tra_nsport, no synchrotrqn radiation,
minimum safety issues, straightforward polarimetry, counter-rotating beams,
room-sized facility, good control of systematic effects and imperfections
including background magnetic fields, manageable, low cost, and finally, such

Energy (ME) or Frozen-Spin approach, works only for G > 0
(G, = 1.79, G, = 0.00116):

E D M Opt|CS DeS|g N and R| ng FOOtp Il nt I S I _ rings can serve as testbed for larger-scale experiments
» Two experiments have been proposed to measure d, with a j | e Future Plans:
cee 29 Quantit Value _ . ]
sensitivity of 107" e - cm at ME of 232.8 MeV — ! 1.4,2.6 . | - Explore bunched beam to address systematic uncertainties
_ » No stochastic cooling HameME s R, K 9.2 cm, 22.6 cm = : - Techniques of compensation and control for spin coherent and decoherent
> No electron EDM proposal at magic energy (14.5 MeV) Find 6 and o« such that Slip factor _ 0.0586 at | | detunes due to background magnetic fields, imperfections, and beam
because there is no viable polarimetry 1B x,IBS 1356 . Straight section length 12.3 cm sl ] emittances are under consideration. In particular, an intriguing possibility of
Tx =Ty =7z =10%s: :‘I’::t';';?;“‘;ec:‘;“ce 2§an N R implementing Spin Echo trick.
. & =0.63mm, & = 0.61 mm, g5 = 0.09 Revolution':imeg 00 e o - ST ring concept could potentially be extended to low-energy polarized
2. Combined electric/magnetic ring with GB,, = 1-y*p%G E,.An Beam size: g, = 12 mm, g, = 16 mm Electrons per fill, N, 1 nC CW and 1 nC CCW : — ) proton, deuteron, and muon beams using electric/magnetic or all-electric
_ _ V2B Normalized x/y emittance —— rings of comparable dimensions to those described here for electrons,
experiment is planned to measure deuteron (Gq = —0.143) Without (with) cooling | 628/610 um (146/79 um) ik although for this all-electric design, it is harder to create a substantial
EDM at 1.0 GeV/c with such a ring Momentum spread, o modulation of y for heavy particles
With stochastic cooling Without (with) cooling _|8.8% (1.5%) at ¥, % oo £ [1] R. Suleiman, V. S. Morozov, and Y. S. Derbenev, On possibilities of high
| | ) precision experiments in fundamental physics in storage rings of low energy
3. Spin-Transparent (ST) Storage Rings: Transverse and Find &, €, and o5 such that 7;°° = 7;7° = 10* s and | polarized electron beams, arXiv:2105.11575 [physics.acc-ph] (2021).
longitudinal electric fields and no magic energies — this work TIBS = 10 s eN = 0.15 mm, gy = 0.08 mm, o5 = 0.015 R TTS aLa https://doi.org/10.48550/arXiv.2105.11575
Beam size: g, = 4 mm, g, = 5.8 mm "
. DEPARTMENT OF Office of Acknowledgement: This work is supported by the U.S. Department of Energy, Office of Science, Office of Nuclear J ff ) L ab
NERGY Science Physics under contract DE-AC05-060R23177 and by UT-Battelle, LLC, under contract DE-AC05-000R22725. Oso aS!:,es,QnQa,,ongAcce,e,a,o, Facility



https://doi.org/10.48550/arXiv.2105.11575
https://doi.org/10.1103/RevModPhys.91.015001
https://doi.org/10.3390/sym13030398
https://doi.org/10.1103/PhysRevLett.124.194801

