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® Before that:
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Ciip Introduction
® R. Hofstadter, Rev. Mod. Phys. 1956, 28: 214

® 1961 Nobel Prize in Physics (together with Rudolf M&sbauer)

® "for his pioneering studies of electron scattering in atomic nuclei and for his consequent discoveries concerning the structure of nucleons"
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F1c. 26. Typical angular distribution for elastic scattering of 2
400-Mev electrons against protons. The solid line is a theoretical ]"2 — _ 6 dGE M (Q )
curve for a proton of finite extent. The model providing the E/M — G (0) d Qz
theoretical curve is an exponential with rms radii=0.8010"1¢ E/M
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<t Introduction
® | arge Scale Scientific Facility
hyperon target/beams: difficult if not impossible

(4]
< +
R =T
=1 i ai =44

spacelike

iLinac

BME, #%EAR, 43(2): 020001 (2020)

The BEPCII Complexity WAZ hER S W82 )5 K 5,50:112005(2020)
. ..and future STCF D. P. Anderle, V. Bertone, Xu Cao, et al., Front. Phys. 16, 64701 (2021)
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<> Introduction

® Surprisingly, study of polarization effects in timelike region appears until 1996
® A Z. Dubnickova, S. Dubnicka, and M. P. Rekalo, Nuovo Cim. A 109, 241 (1996)
® S.J. Brodsky, C. E. Carlson, J. R. Hiller, and D. S. Hwang, Phys. Rev. D 69, 054022 (2004) finally leading to the most precise
® E. Tomasi-Gustafsson, F. Lacroix, C. Duterte, and G. |. Gakh, Eur. Phys. J. A 24, 419 (2005) test of hyperon CP violation
® H. Chen and R-G. Ping, Phys. Rev. D 76, 036005 (2007) at BESIII: Nature 606, 64 (2022)
® G. Fddt, A. Kupsc, Phys. Lett. B 772, 16 (2017)
o ... polarization observables are totally different between:

_ space-like (lab.) time-like (c.m.)

. 2 2 2
Unpolarized — do _dow[, oo o, GEHTGH] 99 _ don iy q o076 Gy l* +7|GE|
d2.  d2 M ¢ 141 Q. dQ 1+7 1+7
Long electron & — 9 COt(HE,/Z) Mp & P, - Yy PesinOx, —[J’,,,sint‘)cos?d\“f,:— (1 +a,)P,cos 0z,
Py €1+ € Gy | + ay, cos=0
2Vl + o)yan@,./2) [ . | N .
Long. both A== Tiich [sino g G Nothing New

beams + Tl + L+ 1')laln:(Hv/Z)]cusﬁ*Gif].
® How about Transversely Polarized Beams in time-like region?

|
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v Introduction

 Hyperon decay as a polarimeter: « Strong and weak phase
T. D. Lee and C.-N. Yang, Phys. Rev. 108, 1645 (1957) J. F. Donoghue and S. Pakvasa, Phys. Rev. Lett. 55, 162 (1985)
J. F. Donoghue, X.-G. He, and S. Pakvasa, Phys. Rev. D 34, 833 (1986)
. The amplitude for a spin-1/2 hyperon decaying into . The transition amplitudes L = S, P of hyperon can be
a spin-1/2 baryon and a spin-0 meson: decomposed as
M =Gpm?-By(A— Bys)B; L =ZL16KP{"(§‘}‘+5‘}‘)}

while for-the the antihyperon c.c. decay

g —ZSj exp {i(—&} +65,)}
J

R Decay parameters:
a=2Re(s"p)/([ s[>+ |p[*) .
6 =21m(s*p)/(|s|*+ |p[*),
v=(1sP= [pP)/(IsP+ [pP)

where s = A and p = |[p,|B/(Ef +my)

P = ZPjeXp{i(—ff + 551)}~

J

p Leading to hyperon CT violation test
. Lee-Yang formula 1/ M Iy +1s

Acp = 2~ L'L3sin(8} — 63)sin(6) — £3)
I — 1,
P,= ((13+P3-n)n + f=P= xn j_YEH X (PE Xn) Acp = oz = —tan(dp — dg) tan(Ep — &s)
‘ P h o] — Qo
B+
Bop = 2 2 = —tan(fp — &9)
] — g

Jul. 7~10 2024, Lanzhou U. Probe CP violation of hyperon by transversely polarized beams 6/24



e
)
N

> Introduction

7\
v Nd

® Known Fact of Unpolarized Beams: measure the hyperon/anti-hyperon decay simultaneously

H. Chen, R.-G. Ping, Phys. Rev. D 76, 036005 (2007)
Gd&an Fadt, Andrzej Kupsc, Phys.Lett.B 772, 16 (2017)

W1 a:‘fj) SinA®sind cost
PE =
y

1 + vy, cos?6 aB
v Ad = arg

p . M
\/1 — aZ(cosAdsind cost
B _ Y
C:r':: -

1 + ay cos?6

W(&) =Fo(§) +1/1—al sit(AD)(ay - F3—ay - Fuy)
+agon(Fi+4/1—ad cos(AP) " Fy + oy - Fs)

2 = —tan(6p — dg) tan(Ep — £3)

B
B

. € b1 p
92 f ) _ (4] .\91
A A
+ —
o et i

Fo(&) =1+, cos’ 8,

F1(€) =sin*Osinb, cos p; sin b, cos g, — cos b cosl, cos by,
F5(&) =sinf cosf(sin b, coshy cosp, — cosb, sin by cosys),
F3(&) =sinfcosfsinb, sin p,,
Fi(§) =sinfcosfsinb, sinp,,
Fs(&) = sin” #sin#, sin 1 sinf, sin w, —cosfy cosbs,
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® Known Fact of Unpolarized Beams: measure the hyperon/anti-hyperon decay simultaneously
E. Perotti, G. Fadt, A. Kupsc, et al., Phys. Rev. D 99,056008 (2019)

P.-C. Hong, R.-G. Ping, T. Luo, X.-R. Zhou, H. Li, 1_\ e_ ¢1 A
Chin. Phys. C 47, 093103 (2023) 9
2\ (7] \g 1
ar —
e+

Scattering angle only, no info. in azimuthal angle? + -

Cascade decay is much more complicated:

Py
— —
0,2 Vo, & : P
4 2)\, 0
W(E) = Fo(€) +Fonalan - Fy— a1 - F)) Af - ,\03
+ alagfé“&q, Tt+ n
The SM prediction for Au is ~ ) x 1077, while for ng it amounts to O(107%)
B + B (AP (A[,:_') (B[.E_J) Comment
M1 M2 o o o O &
Bep = = —tan(ép — &g) cp . cp : o :
a1 — Qo BESIII 1.0 % 1072 1.3 x 1072 3.5 % 1072 1.3 % 10° J/w
BESIII 3.6x 1073 4.8 x 1073 1.3 x 102 1.0 x 10'° J /y (projection)

SCTF 2.0x 1074 2.6 x 107 6.8 x 10~ 3.4 x 10" J/y (projection)
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S Probe CP violation via Transversely Polarized beams

VAN

® Known Fact of Lepton Beams at circular colliders: Sokolov-Ternov effect
The self-polarization of relativistic electrons or positrons moving in a magnetic field at a storage

ring occurs through the emission of spin-flip synchrotron radiation

A. A. Sokolov and I. M. Ternov, Dokl. Akad. Nauk SSSR 153, 1052 (1963)
V. N. Baier and V. S. Fadin, Sov. Phys. Dokl. 10, 204 (1965); J. D. Jackson, Rev. Mod. Phys. 48, 417 (1976)

Tsukuba
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The BEPCII Complexity
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_‘m—f Probe CP violation via Transversely Polarized beams

« Zhe Duan@IHEP: thesis Alexander W Chao( & ):

*  Sokolov-Ternova{ Rz 5| I RAR (32 32 AtiE] £ 1.84 SLAC-PUB-2781(1981)
GeV Bt#)7 4.3 N/NBY, TFE 2.0GeV Bf£475 2.8 /B POLARIZATION OF A STORED ELECTRON BEAM

2 Me

-1 E. = m.yc® = -N ~ 440.5- N MeV,

2423

G, (_)_(_)(‘)11(5 the gyromagnetic anomaly

Polarization
T Pw=92 4%, ideal lattice
;  Pok, incl. depolarization
/ Pinj=0
T10% BTok 5Taks time

.
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-_‘mf Probe CP violation via Transversely Polarized beams

® Elliot Leader: Spin in particle physics ® M. SLAC-PUB-2781(1981)
® LEP: ® SPEAR:
The Large Electron-Positron Collider at CERN Stanford Positron Electron Asymmetric Ring
100~ ]
80}' M ?é Qﬁ% —:
i g7 | : 1 ‘:’ q% i
L 'E:- i B
?’? 60 ""‘;I.. : eI ! ¢ ] ON"
= CELH i N \ ] 'S
g " ! ' 1"" i &, ] ~ - —=jl}~ - Naturai
£ ol W ot o T ] . b o, Spreac
5 sop am ¥ i e .4 y =P
£ A | Ll $y 03 i
i | N I
20 it 10 % — C.2 + ¢
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‘ : = QO? . 0 | ' | i i .
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<> Probe CP violation via Transversely Polarized beams

A
® Transversely Polarization of Lepton Beams at BEPCII?
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Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams

| (1 O)
Pe =3\ 01
The four possible helicity combinations in the e™e ™ initial state
_ - - - - = - = -
e > < e e P e e > ¢ e e > < e
RL RR LL LR
) 1 =% - (%) 0=%—-"n 0=-%- (-h -1 =-%—-%
® |f.amp 1 1 1 1
P:;;,,mf - Z D-rlrj:)\l—}\gD}n’,/\’i—)\,’z ‘();\rle)\fl’();‘z-)\fz = — 0 ]_ 0
A1, A2, 00 1

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams

L 1(1 O)
Pe =9\ 01
The four possible helicity combinations in the e™e ™ initial state
e -><-e+ e -:<_e+ e _><-e+ e _><_e+
RL RR LL LR
) 1 =% - (%) 0=%—-"n 0=-%- (-h -1 =-%—-%
® |In fact 1 Me/\/'s Me/\/'s 1
. 100
)O?n,{ri:/’ - Z D'}r:i)\l—}\gD}n’,)\’l—)\fzj();l—l,,\’lp;b,\é — 1 O @O
AL A, A2, 0
AR 2\ 001
X 0Ny, —AaON =),

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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_‘m—f Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams 4+ 1 ( 1 P )
Pe = §
The four possible helicity combinations in the e™e ™ initial state P
_ -, _ = - _ - _ = -
e > < e e P e e > ¢ e e > < e
RL RR LL LR
) 1 =% - (- 0=%—-"n 0=-%- (-h -1 =-%-"%
® |n fact 1 Me/\/'s Me/\/'s 1
Y/ 1% 1 + — 1 10 P’I%
[)HL:TIL" - Z D'Jrn,,)\l—}\gDvrn,’4.)\’1—)\{210)\1,,\"lr[),\Z’,\;Z e 0 O O
AL A, Az, A 2 P% 0 1

X 0xy, 20N, =),

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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-_‘mf Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams

4_7T d(gl)a — 3 _|_3 (14 ay cos® + CY@[;P% sin“# cos 2¢) measured through eTe™ — pu~ and ete”
o ddip Oy -

(f\') U | i i I | | | | | | 1
- . P,=0.7620.05 and 7=10"% min. ]
=
~ . ) ) W 100
1 — a2 sinAdsind cosf(1 — Pz cos2¢) o
PP = " .
v 1+ avy 0820 + oy, P2 sin®6 cos2¢ 80
60

—P3./1— (.)zi} sin A®sinf sin2¢
pB — 40

1 + vy cos?6 + (,}:d)P% sin?0 cos2¢

SPEAR ||
20 = PphysRevLett.35.1688(1975)

ot—+t v oo b Loy
O 20 180 270 360

®  Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph] P (deg rees)
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%% Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams

47 do B 3
o dQp —3—|—Od,¢,

(1 + avy, cos?0 + avy, P7 sin”6 cos 2¢)

. \/ 1 — a2 sinA®sing cosd(1 — PF cos2¢)
pB _—

Y 1+ ay cos20 + a,, P2 sin0 cos2¢

; —P} H sinA®sind sin2¢
P

* 1 + vy cos?6 + (I¢P% sin20 cos2¢

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]

Jul. 7~10 2024, Lanzhou U. Probe CP violation of hyperon by transversely polarized beams 17/24



&

<tr> Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams

47 do B 3
o dQp —3—|-Od,¢,

(1 + avy, cos?0 + avy, P7 sin”6 cos 2¢)

. \/ 1 — a2 sinA®sing cosd(1 — PF cos2¢)
pB _—

Y 1+ ay cos?0 + o, P2 sin?0 cos2¢

N P2 H sinA®sinf sin2¢
P

1 + vy cos?6 + (,w,P% sin20 cos2¢

xr

Integrating out the azimuthal angle is equal to P =0

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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M Probe CP violation via Transversely Polarized beams

® Forgotten Facts of Transversely Polarized electron/positron Beams

Integrating within different azimuthal angle select P; terms ol T e SZEZIN
/ 57r/4 "
W(j(_)52qb(£) = / / W(§)do .
3w/4 Trw/4 o
r37r/4 . S N ,
coqub f (f)dea o . _/.///‘
571'/4 os '\_\ __//
-1.0 -0.75 -0.5 -0.25 0.0 0.25 0.5 0.75 1.0
cosBcm
020 —— AllSphere | .,
- e B
/2 3m/2 010l = Upper, Pr=0.8 S
+ . —_— !waer,PT:D.E \.\
Wioo© = [+ [ wigao -
7
) 0.00 =
Ws?nQ(b(g) = / / dqi)ﬂ -0.05 '\'\_ ............................ L.
m 3m/2 0.10f ras
-0.15 \'\-\_\. //,,-"/
0200— | T

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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i Probe CP violation via Transversely Polarized beams
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® Useful for improving the sensitivity of measurements ~ ————
p g y \/Nevents

W(E) = Fo + By(asFs — a_Fy)
ta_ayp (Fi+ypFa + apFs),

Fo =1+ ay cos? 0 + ayy BE sin?6 cos 2¢
Fi =(sin2 0+ P% cos 2¢ cos® ) sin 61 cos ¢ sin O3 cos o
— (cos?0 + P cos 2¢ sin?6) cos 0 cos O
+ P% sin 6 sin 05 (sin 2¢ cos O sin(p; — ¢2) + cos 2¢ sin ¢y sin o) ,
Fo =(1 — P} cos 2¢) sin 6 cos f(sin 0 cos 3 cos ¢p; — cos O sin By cos d)
— P% sin 2¢ sin A(sin 6, cos O sin ¢ + cos Oy sin G, sin ) ,

F3=(1- P% cos 2¢) sin 0 cos 0 sin 5 sin o — P% Sin 2¢ sin Osin 65 cos ¢o ,

Fi =(1 — P#.cos 2¢) sin 6 cos  sin 0; sin ¢, + P# $in 2¢ sin fsin 0, cos ¢ , " : . ,
Fs =(31112 0+ P% cos 2¢ cos® ) sin 0 sin ¢ sinfs sin g2 — cos 61 cos O 0.25 0.50 0.75 1.00
+ P#sin 0; sin 3 [sin 2¢) cos @ sin(¢; — ¢) + cos 2¢ cos ¢y cos da] , x10°

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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Probe CP violation via Transversely Polarized beams

7\
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® Or define moments I F——
400000 +
f1 = sinfy sin Oz [sin(2¢) cos 0 sin(p — ¢2) 9 .
+ cos(2¢) sin ¢y sin @), S 375000 -} —emm—frrmna]emmara el 2 —5000 4
> *
fo = cos(2¢) sin 0 cos O[sin 01 cos B cos ¢y w =
— cos By sin 6y cos 0], 3500001 —10000 1
ps = sin(2¢)sin b cos ¢o, 3 i é —(I).S 070 of5
ja = sin(2¢)sin 6 cos ¢1, (a) ¢ distribution (b) N *{u;) distribution
15 = sin#y sin@s[sin(20) cos f sin(@; — ¢o
/ 1 »[5in(20) (o1 ) 1000 - 2000 |
— ¢08(2¢) cos @1 cos 2.
o =
= 5001 22000 -
l{fi(,u.,-?g _ fW(’E)ﬂ;dCO.‘SHN](‘O&QQ(%@N?@Q? (i=12.5). 4 5
d cos T W(&)d cos By d cos Badd dea 0- 0- _H.:-'.l-'“-“‘-'l-ilIJL"‘""“[["'IJ‘Ir‘.'
Then one has T T T T T T
X ) -1 0 1 -1 0 1
d{m) _ a-a P} [(3ay +2)cos?0 +1] (c) N* (i) distribution (d) N *{us) distribution
dcost 12(avy + 3)
d{ps) o a_ay Piyy, 5'111‘2 0 cos?d 04 e -'l_r:||-q|"-"|l||.l'ji.f"‘-l-"|r-‘iIl"'-" 0 o lartre mant s "t rm a1
dcosf) 6y + 3) S _
d{jis) 3a, P23, sin? 6 3 —2000 4 ! =2500 1
= - G * *
dcosf 8(avy + J)K = 2 _5000 4
d{py) _ 3o P23, sin” @ —4000 1
dcost B(agy +3) . . . —7500 1 . . .
1115 _a.PE[(2ay + 1) cos? 0 -1 0 1 -0.5 0.0 0.5
f(#"i, _aay P [(1:( ++)‘;)0* +ay] (e) N* () distribution () N'* (us) distribution
@ COs 2 Oy I
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.-__}{-@f Probe CP violation via Transversely Polarized beams

® Comparison of Transversely and Longitudinal Polarized Beams

2
. ) ) L 1 1+ P. Py iy 1 1+P. 0 P.T
with the polarization vectors pf = = Pt =3 0 0 0
2\ pr 1-P. P2 0 1-P.
1 1 _ 1 , o A2 1/2 2 4
degree of polarization d= —=[2s+1)Tr(p"?) — 1] 12 = \/1+3P2+3P}/2
1+ay, cos®f 0 Aysinf cosf 0
(C) = 3 . 0 sin’6 0 Yy5inf cost
vl + oy — 3y:8inf cosl 0 ) sin’# 0o
0 —~y8ind cosd 0 — Q) — cos’f
vy 8in?f cos2¢ — (3,,8inf sin2¢ — Bysinf cosf cos2¢ 0
3P3 . —By8inf sin20= (ary, + c0s?0) cos2¢  —(1 + o) cosfsin2¢ —y,sinf cosd cos2¢
3+ ay Bysind cost cos2¢ (1 + o) cosfsin2¢ (1 + ay, cost) cos20 —ysinf sin2¢
0 ~ysind cost cos2¢ —yysinf sin2¢ — sin0 cos2¢
0 Yo Sin ¢ 0 (1 + ) cost
3Py ‘ o SN / 0 0 0
3+ ay 0 0 0 By sinf
—(1 + ayp) cos b 0 —By siné'/ 0

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
® N. Salone, P. Adlarson, V. Batozskaya, A. Kupsc, S. Leupold, and J. Tandean, Phys. Rev. D 105, 116022 (2022)
® Sheng Zeng, Yue Xu, Xiao Rong Zhou, Jia Jia Qin, Bo Zheng, Chin. Phys. C 47, 113001 (2023)
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> Probe CP violation via Transversely Polarized beams

® Comparison of Transversely and Longitudinal Polarized Beams

+a_ap (Fi 4y Fo + ayFs) ,
Fo(&) = Pelyy sinfsind) cosg — (1 + ey )cosfcos b)),

e Ligg cos? 6 + aU,P% . —ey F1(€) = Polyy sinfsinbr cos gz + (1 + ay) coscosbr),

Fi =(sin” @ + P cos 2¢ cos® ) sin 0 cos ¢, sin O cos po F5(£) = PePy sinb(cos b sinty sing +sin )y singp; €os 6).

— (cos?6 + P2 cos 2¢sin?f) cos 0 cos

x10°

+ P% sin 6 sin 05 (sin 2¢ cos O sin(p; — ¢2) + cos 2¢ sin ¢y sin o) , 150
Fo =(1 — P} cos 2¢) sin 6 cos f(sin 0 cos 3 cos ¢p; — cos O sin By cos d) I

— Pr12~ sin 2¢ sin A(sin 6, cos O sin ¢ + cos Oy sin G, sin ) , I
F3=(1- P% cos 2¢) sin 0 cos 0 sin 5 sin o — P% Sin 2¢ sin Osin 65 cos ¢o , b.:.:% 1 -0_’
Fy =(1 — P}.cos 2¢) sin  cos 0 sin 6, sin ¢, + P2 sin 2¢ sin fsin 6, cos ¢ ,
Fs =(31112 0+ P% cos 2¢ cos® ) sin 64 sin ¢ sitrf sin o — cos 61 cos O 0.5

+ P#sin 0; sin 3 [sin 2¢) cos @ sin(¢; — ¢) + cos 2¢ cos ¢y cos da] ,
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® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph] Pa
® N. Salone, P. Adlarson, V. Batozskaya, A. Kupsc, S. Leupold, and J. Tandean, Phys. Rev. D 105, 116022 (2022)
® Sheng Zeng, Yue Xu, Xiao Rong Zhou, Jia Jia Qin, Bo Zheng, Chin. Phys. C 47, 113001 (2023)
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P Summary and Perspective

® Good things (Hyperons) come in pairs

Transversely Polarization of lepton beams

* ... can used to enhance the sensitivity of the CP violation test

e ... 1s required to consider in the data analysis at circular collides: sys. errors

e ... technically easier to obtain in comparison of longitudinal polarization of beams

* ... spin rotators on either side of the interaction points converted the polarization of the beam from

transverse to longitudinal, or vise versa

Thank You !
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-_‘mf Probe CP violation via Transversely Polarized beams

® Requirement of estimation of systematic errors
Toy model:
efficiency curves over angle a beam polarization of 30%,
with 5% oscillation amplitude the measured cross sections
will be 0.3% shift from the correct value.
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® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
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7. Spares

® Comparison of Transversely and Longitudinal Polarized Beams

p0.0) = Y pl [YDE(6,0,0) DL (6,0,0
kk'=+1

= Y [DFi(6.0.0) D} ;(6,0,0)
k=41

+ P2D.* (9,0, 0)D1k3(¢79 0)

+ kap “(6.0.0) Dy (6,0,0)]

with the polarization vectors of leptons e L ( L+P. P ) 0= B PRS0 P 000
' 2\ P 1-P. - Z (DI (6.6.0) D}, (6.6.0)
and the spin densiry matrix a1 HUPZ i ‘T; - PEDL(6.0.0)D (6,00
£ -9 Pf 0 1P + PLkDy%(9.0,0) Dy ;(9,0.0)]

® Xu Cao, Yu-tie Liang, Rong-Gang Ping, 2404.00298 [hep-ph]
® N. Salone, P. Adlarson, V. Batozskaya, A. Kupsc, S. Leupold, and J. Tandean, Phys. Rev. D 105, 116022 (2022)
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> Spares

® Decomposition of the polarization vectors into a longitudinal components in the direction of the
electron/positron momentum and transverse components with respect to a fixed coordinate system

n=reference direction

~

y
x

p
y
P
Oy, 129 n] By, Py, PY2
M e = ——— ; ;2
ay, + Py, cos By,

G. Moortgat-Pick et al. Physics Reports 460,2008,131
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