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Motivation
e TVPC and EDM
e NN(TVPC) phenomenology
e pd elastic scattering including TVPC in Glauber model
e Energy dependence of the null-test signal in pd
e TRIC/TIVOLI proposals.Static polarizations
e New approach with precessing spin

Conclusion



Baryon Asymmetry of the Universe (BAU) — today:

(WMAP + COBE, 2003; Steigman 2012)

- - ~ ~19.
Observed 7 is much too large vs. the SM expectation np/n., ~ 5 x 10~

— new sources of CP violation needed

arov: Three Requirements:
@ Baryon number violation
® Violation of C and CP symmetries
® Departure from thermodynamic
A. Sakharov; JETP Lett, 5, 24 5 .
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— Planned experiments to search for CP violation beyond the Sl

e Detecting a non-zero EDM of elementary fermion (neutron, atoms,
charged particles). The current experimental limit

d?l — (00 :l: 1'15t(1-t :l: O*QSySI) X 10_268 - CITl
C. Abel et al. (nEDM Coll.) PRL 8, (2020) 081803

as compared the SM estimation (B.H.J. McKellar et al. PLB 197 (1987)
1.4 x 107%eem < |d,| < 1.6 x 10~*tecm

e Search for CP violation in the neutrino sector (A3 # 0, then
generation of lepton asymmetry and via B — L conservation to get the

BAU).
Thouse are T-violating and Parity violating (TVPV) effects.

Much less attention was paid to T-violating P-conserving
(TVPC) flavor conserving effects.
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e The T- violating, P-violating (TVPV) effects arise in SM through
CP violating phase of CKM matrix and the QCD 60— term.
EDM.

e T-violating P-conserving (TVPC) (flavor-conserving) effects

first considered 1965: L.Okun: J.Prentki and M.Veltman: T.D.Lee
and L.Wolfenstein, to explain CP violation physics of kaons,

do not arise in SM as Fundamental interactions,

although can be generated through weak corrections to TVPV interactions

* Observed (in K, BY, D") CP violation in SM leads to simultaneous violation
of T- and P-invariance.
Therefore, to produce T-odd P-even term one should have one additional
P-odd term in the effective interaction: g ~ M*Gz sing ~ 1019

V.P. Gudkov, Phys. Rep. 212(1992)77
* ...much larger ¢ is not excluded beyond the SM.
* Experimental limits on TVPC effects are
much weaker than for EDM.
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J.Engel, P.H. Frampton, R.P. Springer, PRD
53 (1996) 5112

The reason the TVPC experiments [2] are interesting is
that limits on the quantities they measure are still quite weak
(much weaker than the limits on similar TVPV quantities),
raising the possibility that TVPC effects could be relatively
large.

The best published limit: g ~ 107

Is 1t possible that large T violation from outside the stan-
dard model 1s lurking just below current limits, that a TVPC
effect could appear at 107> or 10~ % times the strong cou-

pling ¢?
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INDIRECT RESTRICTIONS
J.Engel, P.H. Framton, R.P. Springer, PRD 53 (1996) 5112:

1
Lyew = L4+ L+ L+ Lo+ ...
Arvpc A%"VPC

Aty pe
The lowest-dimension flavor conserving TVPC interactions have d = 7

/R.S. Conti, I.B. Khriplovich, PRL 68 (1992)/.

These new TVPC can generate a permanent EDM in the presence of a PV SM

radiative corrections.

J.Engel et al.: g, ~ 107

M.J. Ramsey-Musolf, PRL 83 (1999): a7 < 1071, Apype > 150 TeV <M

o.. = TVPC >
;=
A.Kurylov, G.C. McLaughlin, M.Ramsey-Musolf , PRD 63(2001)076007: <]\4,,6S.m0ng >
EDM at energies below A7y pe
1 M M?
d = B5C; + B6Cs— B C'
%ATVFC 0 GA%"VPC ! TA%‘V}JC

the first contrb. fromTV PC'

Cy are a priori unknown coefficients , 3; calculable quantities from loops, M < Arype
- dynamical degrees of freedom
29.03.2021 7



Scenario "A":
P-parity invariance is restored at some scale u < Arype
C'5, Cs ( both TVPV) vanish at tree level in EFT. The first

contributions to the EDM arise from C'; operator

QT S 10_15

Arypo > 150 TeV
"Scenario “B":

P-parity invariance is restored at 11 > Apype
(5, Cs ( are both TVPV) do not vanish at tree level in EFT.
The EDM results do not provide direct constraint on the d =7

operator, i.e. on the TVPC effects.

No constraints on TVPC within the " B" -scenario

(see also B.K. El-Menoufi, M.J. Ramsey-Musolf, C.-Y. Seng, PLB 765
..(2017) 62; right-handed neutrino and (3-decay of polarized n)
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NN TVPC phenomenology

TVPC (= T-odd P-even) interactions

The most general (off-shell) structure contains 18 terms P. Herczeg,

Nucl.Phys. 75 (1966) 655

In terms of boson exchanges :
M.Simonius, Phys. Lett. 58B (1975) 147, PRL 78 (1997) 4161

*J>1

* T, o-exchanges do not contribute

x The lowest mass meson allowed is the p-meson /19(J"¢) =17(177)/
Natural parity exchange (P = (—1)”) must be charged

The TVPC Born NN-amplitude

= ] ]_
VPO = g, 2t X Tl (2)

xi[(Py + i) x 4] - (01 — )
C-odd (hence T-odd), only charged p's. No contribution to the nn or pp.

q = ﬁf — D; dissappeares at ¢ = 0
o 0s 5 Axial k1 (1170)-meson exchange I9(JPCYy =0 (177) ...



tov = hl(o1-p)(o2-q) + (02 p)(o1-q) — (01 02)(Pp-q)]+

—_

e
hl—meson

+.G[U1 X sz] ' [q>< P](Tl —‘Tz)zf@’(ﬂ’l — 03) -i[qx P][Tl X ‘7'2]z
N ——— ———— —————————— —

abnormal parity OBFE exchanges p—meson

P=pP;+Pi,d=Pr— P;

g'-term is T-odd due to:
< n,pl[T1 X T2l.|p,n >= —i2, < p,n|[T1 X T2].|n,p >=i2,

i i " g str — Mg str
in contrast to strong interaction, M, = M>". .

29.03.2021

10



— Direct experimental constraints on TVPC
e Test of the detailed balance ?"Al(p, a)**Mg and **Mg(«, p)*" Al,

A = (04ir — Oinv) [ (Odir + Oimp) < 5.1 x 1073 (E.Blanke et al. PRL 51 (1983)
355). Numerous statistical analyses including nuclear energy-level
fluctuations are required to relate to the NN T-odd P-even interaction
(J.B. French et al. PRL 54 (1985) 2313) ar < 2 x 1073 (g, < 1.7 x 1071).

e 77 transmission through tensor polarized ' Ho (P.R. Huffman et al. PRC
55 (1997) 2684)

A=(ocy—0 )/(op+0_)<12x107°
ar <7.1x 107 (or g, <59 x 1072)

e Elastic pn and 7ip scattering, A?, PP, A", P"; CSB (A= A" — AP)
(M. Simonius, PRL 78 (1997) 4161)
ar < 8x107° (or g, < 6.7 x 1073)

29.03.2021 11



e TRIC: a unique experiment for p(p¥) + d(P,.) transmission.
COSY proposal N 215 (2012),D. Eversheim, B.Lorentz, Yu. Valdau:

Arvpe =TT =T7)/(T" +T"),

T ( T™) — transmission factor for p/' P,. > 0 (ph P,. <0).
The goal is to improve the direct upper bound on TVPC by one
order of magnitude up to Ay pe ~ 107°

Previous Theory:

M. Beyer, Nucl.Phys. A 560 (1993) 895;

d-breakup channel only, 135 MeV;
Y.-Ho Song, R. Lazauskas, V.Gudkov, PRC

84 (2011) 025501; Faddeev eqs., nd-scattering at 100 keV; pd at 2 MeV

We use the Glauber theory:
A.A. Temerbayev, Yu.N. Uzikov, Yad. Fiz. 78 (2015) 38; 2




PHENOMENOLOGY OF pd-ELASTIC SCATTERING

1 1
R [N |
>t >t

(24 1)*(25 + 1)* = 36 transition amplitudes
P-parity = 18 independent amplitudes
T-invariance = 12 independent amplitudes

At 0., = 0 = 4 (for T-inv. P-inv.) 4+ 1 (T- viol. P-inv.)

29.03.2021
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__ Phenomenology of the pd — pd transition

d=p-p) k=(p+p)/, n=[kxq]-unitvect. (Z11k, X11qY 11h

Eat

Tir(ok) [(Sa)(Sh) + (S)(Sa)] + Tis(0d) | (Sk)(Sh) + (Sh)(Sk)|

Ay + Ays T-even P-even:
M. Platonova, V.I. Kukulin,PRC 81 (2010) 014004
T13 - Tlg - TVPC

The polarized elastic differential pd cross section

do 1

(78 = (@)1 oG+ 3P ] )

29.03.2021 Cyy = TrMSyo,M* /TrMM*, ... (3) =



Forward elastic pd scattering amplitude (P-even, T-even):

e:;Mmg(O)e& = gilee” — (Re)(ﬁe’*)] + go(ke)(ke'™) +
igs{ofe x €] — (ok)(k-[e x &)} +igu(ok)(k-[e x &)+

M.P. Rekalo et al., Few-Body Syst. 23, 187 (1998)
. and plus T-odd P-even (TVPC) term

G0 [k x el (k- €) + (o [k x ) (k- e)};

Non-diagonal:
1 R 1 -
<y = = N = 0| MV POy = —SA=1>= iV 20s.
Generalized Optical theorem:

Tr(p;M k
Im (P A(O)) = —0;
29.03.2021 T?"/O?; 47




_ Null-test of T-reversal invariance

5

p d P L d ~ p pd

Otot = O() T C"lpg - P% 4 0y (P‘T ' k)(P . k) + o3P, + Ut-vpcpzypq;g
“ h\#’
I'—even,P—even T —odd,P—even

e FSI & ISI are yet included into £'(0)

e a true null-test for TVPC,
like EDM is a null-test for TVPV.

Comments to " Nonexistence proof":
F.Arash, M.J. Moravcsik, G.R. Goldstein, Phys.Rev.Lett. 54(1985) 2649

Proof holds for bilinear (~ | Fj;|*) observables only
H.E. Conzett, Phys. Rev. C 48 (1993) 423

29.03.2021 16



GLAUBER THEORY

Elastic pd — pd transitions

M(q,s) =
1. 1.
exp (§zq -8)M,,(q) + exp (—§’£Q' S)Mpn(q) +
(

+ 27r3/2

/eXp (E-q! | S) [A“jpp(ql)Mpn(qQ) Tp&n dgqf-

On-shell elastic p/N scattering amplitude (T-even, P-even)
k)

A’pr — A;\r+(0f\r01+cf\r02) Il—}—Bf\(G'l )( -+
-+ (GN—HN)(Jl'ﬁ)(O'Q'H) (Gf\r+HJ\I)( )(O’gﬁ)

29.03.2021
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__ Test calculations: pd elastic scattering at 135 MeV

A.A. Temerbavev. Yu.N.Uzikov. Yad. Fiz. 78 (2015) 38

—
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Data: K. Sekiguchi et al. PRC (2002); B. von Przewoski et al. PRC (2006)
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ee also Faddeev calculations: A.Deltuva, A.C. Fonseca, P.U. Sauer, PRC 71 (2005) 054005.
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__ T'VPC. Double scattering mechanism with charge-exchange

However, for ¢’-term the sum is zero due to

< n,pl[T X TN|:|p,n >= —i2, < p,n||T X TN|:|In,p >=12,

p-meson does not contribute!

(Single scattering mechanism gives zero contribution to o, q = 0.) .



T-ODD P-ODD MODULATING FACTOR FOR TVPC SIGNAL

G — /ﬂmdqq'[(”%) VB (g) ~ 15 (9) + V3 52(0) + 952 )
<[=C"(q) hy + C(@)(gn — B

where
SOy = [ dr2ryiclar). S2(a) = | drwd(r)i(ar
o (q) ru(r)jolqr), Sy~ (q) rw(r)jo(qr),
0 0

50 (q) = 2 / ~dru(ryw(r)ja(er)
0
1 (o

Sé”(q)——ﬁ - dre()galan),
51 (q) = /w drw?(r)ji(ar)/(qr).

Yu.N. U., A.A. Temerbayev, PRC 92, 014002 (2015),
Yu.N. U., J.Haidenbauer, PRC 94, 035501 (2016)
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ENERGY DEPENDENCE OF THE NULL-TEST SIGNAL

10 '

a/@, (mb)

29.03.244.N. Uzikov, J.Haidenbauer, PRC 94 (2016) 035501
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TRIC: HOW TO MEASURE ?

This process is described by the transmission factor T(n):

T(n) = I(n) / 1(0) = exp(—( ot pd n)) (5)
with: I(0) - Intensity of the primary beam
I(n) - Intensity of the beam having passed n times the internal target
with density p and thickness d
oT - Total cross-section

pd - The areal target density

For the case of polarized particles o has to be replaced by:

OT = Oyxz T OLoss = Oo (1+ P}, Pxz Ayxz) T OLoss (6)
with: o, - Unpolarized total cross-section

29.03.2021 OLoss - LOSS cross-section, taking account of beam losses outside of the target 22



TVPC ASYMMETRY

_T-T _ exp-(x')-exp-(x)

&T\'.KK + - t+ . (?)
T HT exp-(x )+ exp-(x)
with: T -Transmission factor for the proton-deuteron spin-configuration
with Py-Py, > 0
i s -Transmission factor for the time reversed situation, 1.e.
Py:Pyz <0
¥~ -Is the product of the factors (oT-pd-n) with respect to the
proton-deuteron spin-alignment
this gives:
ATy, = — tanh (6,Ad n Py Py, A, ,) (8)
, : : - . 4 ~107°
[s the argument of the tanh 1n equation (8) small, then: VX2
ATyxz= —ogpdnPyPy; Ayxs=1— S Ayxs (9)

29.03.2021 23



__ Possible source of false effect. Total polarized T-even P-even pd cross sections.

Eat

Orot = 00 + o1p! - P? + oo (p? - 1’;i)(Pd k) + o3P, + Engfz (8)

Ty =135 MeV':
agg — 78.9 TTLb, 01 = 37mb, 09 = 124mb, O3 — —1.1mb

L 0.047

o)
The goal of TRIC: dR7p < 1079, where
Rp = —
go

der, - » »
then from P’% ~ 107 and Ry <107 = P*<2x 107°

The deuteron vector polarization has to be adjusted to be zero in the atomic beam

20,0330 <€
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Differential pd-pd
polarization observables for
T-invariance test
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__ T-INVARIANCE P-INVARIANCE in pd- elastic

A - By, AL
In Madison frame:
K" = K% cosf — K”sin ),
K7 = K?cosf + K" sin 6;

TrMM+

Z TrMM+

rMo. M o T rMo.M™T
Km(p%p)_TU Mo, K (p— d) = TrMo, M 5_,

Tr MM T

Z TrMM+

KZ(p—p)=—K"(p—p),
i(p%d):—Kf(d%p)j
?(d%p):—Kf(p%d)j

K___L, (d — d)

K%(d — p) = LMSM ooy pew(g _y ) = LAMS NS,

(10)

(11)
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(A, — P,, KZ + K¥'): A.A. Temerbaeyv,

1O rvpcl/O

K *(p-d)+K_“(d-p)|

29.03.2021
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NEW METHOD TO SEARCH FOR
NULL-TEST TVPC SIGNAL in pd

N.N. Nikolaev, F. Rathmann, A.J. Silenko, Yu.N. Uzikov, PLB 811 (2020) 135983



JEDI Revolution-2015: the Fourier analyisis makes the
in-plane precessing spin as good as the static one

week ending

PRL 115, 094801 (2015) PHYSICAL REVIEW LETTERS 28 AUGUST 2015

S

New Method for a Continuous Determination of the Spin Tune in Storage Rings and
Implications for Precision Experiments

JEDI technique: put the polarization in the ring plane and
monitor oscillating P, , by time-stamped up-down asymmetry

Forerunners:

I.B.Vasserman et al., Phys. Lett. B 187 (1987) 172 (High precision
comparison of (g-2) in e+te- by comparison of the concurrent in-plane
precession of e+ & e- spins)

I.M. Sitnik et al., PEPAN Letters No. 2 [111] (2002) (Suggestion to
accelarte the in-plane polarized deuterons in Nuclotron)

29.03.2021 29



Spin coherence

Most polarization experiments don't care about coherence of spins along s

Spins aligned: Spins out of phase:
Ensemble coherent Ensemble decoherent

¢ Spin stable axis n f
|I|l II

— Polarization components along n; not affected

With in-plane spins: S L 7.: Over time:
Ensemble coherent Spins out of phase in horizontal plane

= In-plane polarization vanishes

29.03.2021
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TRIC/TIVOLT.

The conventional method: search for TVPC asymmetry in fotal X-section with vertical vector
polarized protons in the ring and tensor polarized deuterons in the ABS target:

Potential of Aqypc < 10®  Beautiful Appendix in JEDI: Phys.Rev.ST Accel.Beams 17 (2014) no.5,
052803 for precessing in-plane polarization

Need to suppress false signal from vector polarization of deuterons to < 10-¢

Alternative approach: antilaboratory setting with deuterons in the ring and protons in the
ABS

The major issues are:

* What is the tensor polarization of deuterons in the ring?
* Is separation of the TVPC asymmetry possible?
* What is the systematic background? None 1?

29.03.2021 31



Decomposition of the pd total X-section

Otot — 00 + OTT [(Pd ' Pp) — (Pd ' k) (Pp ' k)}

PC LL

29.03.2021

p
=+ UTVPCkamnenl’r‘PZ k?" -

i P, )
A'-m.Tm.nE-n,[rR{ 'lt'-r — T:tzpaj o Tyg PII‘)

PC TT
PC tensor
PV single spin
PV tensor

TVPV
TVPC
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Ring with RF solenoid as a rotator

—

S(n) = Revar(n) S (0)

/ cost.ncosen  cosf.nsmen  sin 93-71\
Re-t.rol (Tl) — Ridle(n)Rentf (n) — — SIn en

COS €N 0

\— sinf,ncosen —sinb,nsinenl cosfyan /

1 €
0s = 27, V.= GQ/ € = 5@"«’}?.1? Upps = %

S(n) = 5,(0)]€, cosen + sin en(é, cos Bsn — €. sinfgn)|

. * T
cosen, sinen -- the envelopes of polarization. Freezing point €7 =

2
Tensor polarization is entirely driven by evolution of the vector polarization

Q(n) = RE.I_,O,;(TI)Q(O)RT (1)

evol
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<ny(”)> %<ny( )>[_1 + 3 cos” E’”’] ;
(Q,,(0))[—1 + 3sin” en cos® O,n] ,

1
9
(Q--(n)) = %(ny([})) —1 4+ 3sin*ensinf,n]. € PP,

even

<Qyw(’”)> = %<ny(0)> sin 2en cos Ogn € freezes at 0

(Qy:(n)) = —%(ny([))) sin 2ensinf,n, € freezes at 0

UniqueTvPC> (Q..(n)) = ——(ny( ))sinensin 20,0, € PP odd
Freeze the RF driven rotationat  €n = 5 —> the idle precession shall continue unimpeded,
the vertical vector polarization freezes at O

29.03.2021
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COSY Parameters at p,=0.97 GeV/c:

d—S:EXQS;
dt
Q=0-0_;
Qcc _ﬂ’

3% M]/
V, :QS/QCyC
6 =2rv

v, =Gy;G=-0.142980;

resonance - frequency - for - RF - solenoid :

Sy =k +v) feosys| f,, =873kHz
D.Eversmann et al.( JEDI Coll.) PRL 115(2015) 094801
w00y =-0.16....£0.97x107 35



TVPC asymmetry: signal and backgrounds

OTVPC
Atypc(n) = — - -
4 an

o,T.(n)~sin" en’ cos26n P} - independent

Tyy(0)P} - sin” en* - sin 26sn

Small departure of &n’ from pi/2 — p;i IGTTpfp;l (0)cos sn’ Fourier analysis

p p . .4 : * p p o
PysP. = py (O) SInén (JTTpx COS Hsn_aLLpz S1n Hsn) Fourier analysis

oh, p’T._(n)~ p’ cos20n-sin® en’ P, and PV suppression

In contrast to TRIC:
TVPC and TVPV asymmetries can be extracted simultaneously

29.03.2021

36



Beyond SM T-violating, P-violating & flavor conserving (TVPV) interaction

Enormous theoretical activity: J.de Vries, E.Epelbaum, L.Girlanda, A.Gnech, E.Mereghetti and

M.Viviani, Frontiers in Physics, vol.8 (2020) artcle 218; arXiv:2001.09050 [nucl-th], 68 p., 239 refs.

TVPV: crossed proton and deuteron vector polarizations
orvpvk - [Pd X Pp}
Oscillating horizontal aeuteron poiarization, vertical proton polarization
k- [P?x PP| = Pl(n) PP oc P} sinen™ - cosf¢n
Vertical deuteron polarization, radial proton polarization

orvpvk - [P? x PP] P;(O) PP cosen,

is P.P—odd, can be distinguished from oscillating o;,p. (n)p” ~sinen -cosfn

Invoke still another Fourier marker: longitudinal "guide” B-field -
oscillating radial & vertical proton polarization ?

29.03.2021
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Are measurements of very small asymmetries feasible?

Counting 10> -10!6 events is a major challenge. Measure currents instead?

Valdau et al. (2016): test stand experiment with Bergoz Fast Current Transformer and Lock-in
Amplifier --- the COSY bunches simulated by pulsed current in the wire

Optomistic conclusion: the cross section asymmetry of 10-¢ (vector polarized protons in COSY
impinging on xz tensor polarized deuterons in the ABS target) is within the reach of 1 month run
with FCT already in the COSY ring.

Requires a comparison of attenuation of +/- polarized beams from different cycles

The reverse kinematics: precessing polarization measures the difference of +/- polarized beams
concurrently in the same cycle.

Compared to Valdau et al case we need to isolate a signal of the time modulated attenuation of
the bunch current. The feasibility analysis is in progress.

Repeat the Valdau et al. test stand expt with RF modulated pulses .

29.03.2021 38



Summary:

« Opype is atrue null-test TVPC observable. Not affected by IST & FST.
Analog of EDM  being a null-test signal for TVPV.

« Tp dependence of O yp- is predicted within the Glauber theory of pd-pd.
"Unexpected” zeros.

 Search for TVPC can be done at any beam ,enerl'gK. (COSY, NICA..), but at Tp<1.3 GeV
the modulation factor can be eliminated using data and Glauber theory

 Simple description oJ the RF driven evolution of the tensor polarization of injected
vertically polarized deuterons

* No background to the oscillating TVPC-like signal from the static vector
polarizafion of deuterons

* Fourier analysis of oscillation spin asymmetries in conjunction with the reversal of
the pP, provides an unique determination of TVPC and simultaneously TVPV signals.
As a by product, measurement in the same setup of the whole family of single and
double’spin observables
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THANK YOU FOR YOUR ATTENTION!



o (t)
ot

1

= HY(1)

t — —t and Y(—t) = V*(—1),
if H= H* then ¢/(t) = *(—t) is a solution of Eq. (1).

In general case, the T-transformation t — t = —t:

wf(t!) = T’tﬁ)(—t) Q" — -TQ.T—l

T-inversion: X' =x, p’' = —p,
L = [r x p] — —L, and, therefore, o0 — —0
Then [p;, x;] = —1;; requires

TiT ! = —

Thus, T is an antilinear operator.
The operator 1" must have the properties:

T=UK, KzK~' =2, UU* =1,

3

K 1s the operator for complex congugation
K=1 K'=K, T ' =KU™
29.03.-% — U’U’J*



The T-invariance:
.TH.T—:[ — H=

then the S-matrix

—i?‘f(tg—tl}

S= lim lim =exp ,

t1—ro0 to—00

transforms as
TST ' =8,
or T7'STT = S. Therefore ( T is antilinear)
< f,Si>=< f,T'STTi>=<Tf S8Ti>*=< fp,STip >*
in other words, the T-invariance:
< fIS|i >=<ip|S|fr >

(See, S.M. Bilen’kii, L.I. Lapidus, R.M. Ryndin, Usp. Phys. Nauk. 95 (1968) 489
J.R.Taylor, Sattering Theory. Quantum theory of Nonrelativistic collisions, N-Y, 1972)

29.03.2021 S;_;"b — Sbfa
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Direct Observation of T violation in the b system
via ‘quantum ellq’ranqlemenf”

B(]

=
oo
=
[e—
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Analgsis Framework

Suppose new physics enters at an energy scale
E > A

Then for £ < A we can extend the SM as per

Cq
Lsv — Lsm —I—Z AD—4O%'D?

where the new operators have mass dimension D>4

and we impose SU(2)r x U(1) gauge invariance
29,0320 on the operator basis
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Determination of spin tune [15]

O = 21V, is spin precession angle per turn,

Vs is the spin tune time ¢ [s]

0 20 40 &0 80
L ] L] - I -
Analyze all time intervals: o

T
[y
» Monitor phase of measured e
. . @
asymmetry with assumed fixed o
spin tune u;c"" in a 100s cycle: =

: 1 do

fix -

vs(n) = v, + —

s(m) = vs 2rdn  (6)

Av, [107]

— ™ 4+ Avg(n)

||||||||||||||||||||||||||||||

Experimental technique allows for: number of particle tums n [10]

» Spin tune v, determined to ~ 1072 in 2s time interval.

» In a 100s cycle at t = 38s, interpolated spin tune amounts to
vs| = (16097540628.3 £9.7) x 1071 je., Avg/vs ~ 10710,

= New precision tool to study systematic effects in a storage ring.

29.03.2021
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29.03.2021

Koop-Shatunov technique of tuning the chromaticity

Optimization of spin-coherence time [17]

1.2 ]
_E JEDI progress on 15cT:
[t rocr = (782 £ 117)s
E 0-2'_ B » Previous record:
R | | | | | | | 7scT(VEPP) =~ 0.55[16]
On ! | | | I | | . .
0.04 - . (A 107 spin revolutions).
< o000l t ‘ .
_[}_(].4_ P A [

0200 400 600 800 1000 1200 1400
Time (s)
In 2015, way beyond expectation:
» With about 109 stored deuterons.
» Spin decoherence considered one main obstacle of sSrEDM experiments.

46



' T T T T )
_CDE{-}HH 1“ T T T I ‘I T T I T T T T T T T T T
i —— Paris i i —= 5 ]
— S5+5-D+D
g | | = 7
= 0 E L=
l-g': E_g-”’ :_:;«:f ________________________
N 1 o] L 4
-]'D'-] 1 ] ] ] ] ] ] | ] ] ] | ] ] 1 | ] 1 ] | 1 ]_ﬁ-] ] ] ] ] ] ] ] | ] L |.|.| 1 L ] 1 1 1 .
0 200 400 600 800 1000 B ¥ 200 400 600 800 1000
T (MeV) T (MeV)
Yu.N. Uzikov, J.Haidenbauer, PRC 94 (2016) 035501
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