Probing hyperon

DM at BESII and STCF
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—lectric Dipole Moments

[ Quantum system: ensemble of particles, A, X, =...

S S
A e H=8Hy>
2 .
Spin polarization vector: s = Tr[po| = ?1(5)

Magneton: ugn
Gyro-electric(magnetic) factor: d (g )

[J Non relativistic Hamiltonian

H=—-—u-B—90-FE

H——H=—-p B+ E

EDM violates P and T, thus CP through CPT theorem
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Why EDM

[JCPV is a necessary condition to explain the matter dominated universe
(Sakahrov condition), but CKM mechanism not sufficient and New
Physics (NP) is required

JEDM is extremely small in SM. NP at the weak scale, TeV scale and
beyond can also induce EDMs.

% (107%ecm) (1) (sinder) (7 F)

] For hyperon, strange quark may have a special interaction with NP,
resulting in large EDM effect
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Fundamental parameters and EDM

{
Fundamental theory | 6’ CKM SUSY  Multi Higgs LR-symmetry etc. |

Lcepy = Lexm + L + Lpsum

2

Cod18),Cp d,d,  semileptonic a’.

ggg’ 9999

ST -

{ \
Low energy parameters |gn g (g ):

(
Wilson coefficients !
ALY

EDM measured in a
low-energy system,

Nucleus level i3 Schiff moment | l.e. hyperon

Atom/molecule level

T.Chupp et al, Rev.Mod.Phys.91(2019)015001
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Hyperon system also required
by a global analysis of EDMs




Status of EDM measurements

Phys.Rev.D23,814(1981)
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How to access EDM

] Direct approach — spin procession

%:SXQ Q= QypMm + QepM + QTR
L

Qyvipv = -2 (B—%(ﬁ'B)IB—ﬁXE)

d e/

(E--5(8-E)B- 3 xB)

SIS
5

QEDM —

Sizable polarized particle source

Enough lifetime to process

Significant challenge for short-lived fermions
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How to access EDM

[ Indirect approach
.e. measure time-like dipole form factor (g # 0)

d

Ldipole - iEA'AUuV’YSAFuV
2 MU M\ = A
Le-n = —gymeda(pr — p2)eyuchivsh

X.G.He, J.P. Ma, Bruce McKellar, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

[ Benefits from BESIII experiment

10° hyperon anti-hyperon pairs reconstructed from 10'° J/y decays
Typically with a purity exceeding 95%

The statistics increased by several orders of magnitude at future STCF
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J /'y production Wz

U J/y polarization with unpolarized beam
e+

Pr=(pry—p_ Py +p_) P SPIN density matrix for J/ys

. 2
P, — A9, — OR — 0L _ —sin? 6 +3/8 M3,
B op+or  2sin’ 0 cos2 05 m7,

I With longitudinally polarized electron beam P, at STCF

or(1+P.)/2—0ar(1—P.)/2 A}p+ P
or(1+P.)/2+0(1-P.)/2 1+PA%,

§ = ~ Pe

dominated by P,

porovides a way for precise measurement of beam polarization
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Amplitude for J/y decay to hyperon pair

U Polarization effects encoded in hyperon anti-hyperon pair (A, X, Z)
spin density matrix

R(A1, A2; A1, Ap) X D pmmrdi 5, (D)0, (6)

m,m/’

*
X Mixi xa Mr xr Om,m

] Lorentz invariance introduces P and CP violating form factors in
helicity amplitude

2
MAl,Az — E/J(Al — )\Q)ﬂ(/\lapl)(FV’YN | O-'LWQI/HG
2M A

+Y*Y° Fa + 0" v°q, Hr)v(A2, p2).

X.G.He, J.P. Ma, Bruce McKellar, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834
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Form factor Hyand F, Phys Rew D47(1993)1744

Phys.Lett.B 839(2023)137834

[ Take hyperon EDM as the major source for H;
da

Lgipole = i_z_'AUuV’YSAFuV
2 .
Le-p = =gz eda(pl — p2)eyuchivsA
2e
Hr = 372 gvas (q=My,)

J/
Neglect g dependence, dy for hyperon EDM

U Primarily from Z-boson exchange between cc and light quark pairs

7 .
% B - N_lD g2 1-8sin?63/3 107 % 10-6
B AR 8v ~ — 107X 10
z 6 4 cos2 Og1t m3
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Form factor Fy, and H_

] Hyperon polarization parameters
4M? AM?

Fyv =G — 0 (G1 — G2) H, = Q2 (Gl — Gz)
2 ’ 2
aJ,W = > > E = E e
s |G| +4m? |G, 2 2

Polarization:

fl—afbcosesine
P, (cosB) = sin(A®)

1+ay, cos? 6

] | G,| can be extracted from the measurement of I'(J/yw — BB)
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Angular distribution

H and F parameterize dynamics of weak decay i.e. 2 - Arand A - pr

Type | decay obtained by retaining only 8, , and ¢, ,

Type | Type |
ete” = Jlw > AN A - pn” ete™ = Jly —» 58t B - An”
ete” - Jly - Tt X7 - pr’ ete™ = Jly - 220 =Y 5 AL
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CPV in hyperon decay

(ay + Py 'f’d) Dy + ByPy X Py + yyPy X (Py X ﬁd)

P, =
‘ (l +aypy f)d)
2Re (S*P) y "
Av —
Y TSP+ |P)2 CPV observables
y P},
A 2 j']’.\sin(): %’ ( )
Pax "o it o v 2Im (S*P AY ) )
: w‘sm{‘)‘ 7 ) ::l’ cos@ - = (ay+ O / Ay — A
$ ()[/vx O ﬁY |S|2+|P|2 CP ( Y Y) ( Y Y)
i . i
T @ y =

o/ A AT

Py =14/1 — a3 sin ¢y
yy=1/1—aycosgy
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Sensitivity studies

] Sensitivity assessed from 500 psudoexperiments generated and fitted
by using a probability density function based on the full angular
distribution

] Expected yields, Form Factors and decay parameters are fixed to
known values for generation: Gy, a,,, A®, Fy, Hy, ag, ag, ¢gand ¢z

O P, ~ 107* (80%) for unpolarized (longitudinally polarized) electron beam

Decay Channel Jp— AN T/ = T8~ | J/p — E-ET|J/p — EV=1
Biay/(x107%) [29] 7.7 2.78 3.98 4.65
€taq/ %0 [22, 28, 30, 31] 40 25 15 7

Ngvt /(x10°) (BESIII) 31.3 7.0 6.0 3.3
Ng2t/(x10%)(STCF) [17]]  10.6 2.4 2.0 1.1
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Sensitivity of Re(dp) (e cm)

Sensitivity for EDM

Phys.Rev.D108,L091301(2023)

2e

reminder:  Hr = ; VEm gvdp SM: ~ 10~26 & cm
S aesnrey o srorrey 2 sorrammery 10 |BESII: milestone for hyperon
e BESII(m(d,) O STCF(Im(dy)) a4 STCF+Polar(im(d,) i g EDM measurement
\)
e L el TS A 107" cm ( FermilLab
. ° . 1 E 1071 e cm)
1079 <107 '-la . . p——
: U E - first achievement for X, E
B L] - o=
: s 18 1 2 and B at level of 107'% cm
1072 - N a = 10 A . .
Sl . a litmus test for new physics
A >t o) O
(a)Sensitivity of Re(dp) and Im(dp) STCF: improved by 2 order of

magnitude
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Sensitivity for F, and sin? 5"
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Phys.Rev.D108,L091301(2023)

| 1 2 1-8sin?63/3
reminder: Fy,~ ——=Dgy d =
6 4 cos2 651 my
® BESII(F,) O STCF(F,) A STCF+Polar(/F ) | ; SM F ey 10_6
® BESIl(sif6)) [1 STCF(sir’g},) A STCF+Polar(sirf6’, ] =
: . . — |, ¥ sin? 081 ~ 0.235
- e . e & o - g
I -
B : N4t .2 —
.. 1% | SICF:
B E] a El E] : U E (QAG) 1o
L | Weak mixing angle at Q = M,
S , 310 can be determined at the level
N —- —0 _
A ¥ = 0 of 8§ x 1072
(c)Sensitivity of |F 4| and sin29§€vlc

J. FU
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Sensitivity of P. (P.=0)

Sensitivity for P, and sin® 65"

. . P, — 0 :()'R—O'L_
reminder: Pr=A;gn -

—h

10

1021 |
10° -
107

10°° |

* BESIII(P) o STCF(P)

T TTT

T IIIIII|

I I]I[Il]l I IIIIIII|

IIII

* BESI(sir6") o STCF(sin?6%) !

IlIIII | lIIllIll | IlIIIlII | IIIIIIII | llIIIlll

A x* E

(d)Sensitivity of Py,
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—sin? 0S8 + 3/8 M3/¢

- 22 peff 2 peff
2sin” 05, cos= 0y, M7

eff
w

Sensitivity of sin’6

2

sin? 05 ~ 0.235

STCF:
Weak mixing angle at Q = M,

can be determined at the level
of 2 x 1072
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Improved sensitivity for sin? Hﬁvﬁ

Phys.Rev.D108,L091301(2023)

Jly = AA

0245 T LN Y | T LR LY | = /

I{ T LR OE B R A |

vdepp-inelastic

i I — | Weak mixing angle shared by
o - F,and P,
g; 0.235 — APV (CS)k _ -

| | | Sensitivity improved at the
L e e 1 level 5x 1077

0.225 | 10 .

0.0001 0.01 1 100 10,000
Q(GeV)

Figure 1

(a) sin® Oy (u )iis (29) with an updated atomic parity violation (APV) result. (5) sin? 057 (Q?), a one-loop
calculation dominated by y — Z° mixing (52). The red and green curves represent the boson and fermion
contributions, respectively.

K.S.Kumar et al, Ann.Rev.Nucl.Part.Sci.
63 (2013) 237-267

J. FU



Sensitivity for CPV in hyperon decays

Phys.Rev.D108,L091301(2023)

Agp (ag + agp)/(ag — ag)

reminder:
Apep = ($p+ Pp)/2 _ _
TR SM: 107* ~ 1072
® BESII(AY) [ STCF(A%) A STCF+Polar(Ass) .
® BESII(AS,) [ STCF(AZ,) A STCF+Polar(AZ,) :
107"| ® BESII(A¢Z ) [} STCF(A¢> ) A STCF+Polar(A¢ ) =107
on &5 = | | : . g
< CHE - <
S 102 L ® =10% 5
iy F e ' o © o o ° . >
2 [ . ] B STCF:
% 10_35—; - —§104 é
N A A SM prediction can be reached
S I <10 and further improved with a
- — O longitudinally polarized
A X o O
electron beam
(b)Sensitivity of A5, and A¢S,

J. FU
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Summary

] Develop a full angular analysis to probe hyperon EDMs systematically

107% e cm @ BESIII
10721~ 107%%e cm @ STCF

[JTest CPV in hyperon decay at the level of 10 ~ 10~* at STCF

0 Weak mixing angle sin?¢§' at g = M, can be determined at STCF

Thank you!
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