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Experiments:  ete~ — v* — BB _ =

e ee™ - pp : an enhancement and wide plateau | yﬁ(«(‘]\) |
e ete™ - AA : non-zero cross section near threshold £+ 3
= BESIII
~e— BaBar
—+— DM2
— pQCD fit
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Theory: My (GeVic?)
e Born cross section for the process
4ma2 ,  2M?
7= CGu () + G(s)?]
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- Baryon speed 5= /1 — 40M2/s

- Coulomb factor C , non-zero cross section at threshold 3 — 0
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e \Where the factor C come from? How to understand C? .
e |Is it correct or reliable for baryons? Does C describes threshold effect truly?




Principles and definition

e Reference

A.D. Sakharov, Sov. Phys. Usp. 34(5), 1991
Interaction of the electron and positron in pair production

e Hamiltonian and eigenfunction
H=Hy+H Hy=Hy+W
Ho¥ = By
e Matrix
Representing from initial state to final state i — f :

Absent interaction: V
Existing interaction: V

e Correction factor of interaction

Differential probability for processi — f
Absent interaction: 43

Existing interaction: (/.
Correction factor :



Formulas

A.D. Sakharov, Sov Phys. Usp. 34(5), 1991
e Transition matrix elements for p,p_— p, p_.° i T

Kmematlcs
Vi = / WS H Y, dg Laboratory:  p,, p_ .
e Interaction wave function Center of mass: k, k_
Linear combination of zero-level wave function (in Lab.)
Wy = / Pprd®p_ < pop_|elpp > T, ' . C Is some unitary singular

_ . _ matrlx very close to 6 matrix
e Interaction transition matrix element e

Vip = / ped®p— < pip_lelp p > Viop
e Perturbative property
o=1/137, very small, the final state is very close to the initial state

¢, = =0+ —p)o(p— —p_) in the limiting case e — 0
Vi, =~ Vi / P dp_ < pyp_|clp’pl >
e Amplitude of interaction correction

V o ; o ;
J = v = / dp dip_- < p+pf](:]-p’+-p’_ >= / *pyd’p_ " Cp



Formulas

A.D. Sakharov, Sov. Phys. Usp. 34(5), 1991

e Matrix elements between Laboratory and center-f-mass systems

< kph_|ep KK >= VAN < pip_|cplplipl > A, A': Jacobians

, . S . A=A
' Theory calculation | . Experimental measurement |
. (momentum space)

(momentum space)

e Fourier transformation
- The relation between matrix ¢ and wave function
/ Clsd’k_c, = (2m)% < 00|c,|K K >

- Solution of Schrodinger equation
1 2 1 . .
—§(A+ + A ), — i'—(‘r = 5(1{72 + E*)e,

Pl Ll R (F -3 4 B R -2 ._2
o | |[F(ie, 1, i00)| N e

Cr = o) expli(kL axy + K a_)]
e Coulomb interaction correction factor

. . - 2me . 2me 6
= Pl i) = s =T




Two-body system in Coulomb potential

Interaction: Coulomb potential of point charges

U(r) = i(]—l (&) ¢
Close to threshold, nonrelativistic
53— 0 -
Schrodinger’s equation q s g TR+
L. D. Landau, E. M .Lifshitz S my + my
Quantum Mechanics, Non-relativistic theory T+ ms
- Hamiltonian
W no . h’ h?
H—TMA—TmAerL() H=— 2‘UAR—%A—I—L()
-Wave function
U = Q(E)L(F) ' Relative motion in potential U(r), physics interesting

____________________________________________________________________________________

- Schrodinger equation

10, ,00 1 1., 2m . S | , |
725““ o) Tzt G E- U@l =0 4(7) = R()Yim (6. 0)
1 LOR U1+ 1) 2m . _ . :
— R _— E — C f R — L] 2y — 2 Ve
T‘Z ()?“ (T‘ Ir 2 + hz { (T‘H L }Im h [([ + 1)}[m v

Units: mass: m, length: h*/aa, time: h*/ma® — encrgy : ma®/h?



Solutions of Schrodinger equation

Discrete spectrum: E < 0, combined state

1 1 . .
n= == E = — 5 n= 1,2, (No interesting here)

Continuous spectrum:e>o0

—1 —1 . ! !

n= =T Pk pomo=hE p=hk v= ik

Solutions: wave functions

k/2m scale Ru(r) = (“

_—113(2[“,)]7( —{—[—1—12[—1—2321&)

enerqy scale Rum(r) = 2_1/ R; / Ru /‘I’F(ff')‘l’f'(ff)f’ff:ff(q'f-f)

Uin(q)dg = d[o(f') — o(f
At origin r = 0, only | = 0 partial wave non-zero ot (@Yo (@)dq = 20 = ()]

Uy
Renormalization constant Vido(h)/df
—%  (attractive)

Ulr) = { +% (repulsive)
- attractive potential

Cly = 2ke™* |T(1 + 1 —i/k)| =

q’rﬂt.f: -

- repulsive potential
Chp = 2ke™ DL+ 14i/k)| =




Threshold effect?

e Atoriginr=20
_ 4m 1 ) x 4dm
o0 = Tir) — — 2 , :
| Rio(0)] T oxp(—27/k) (U(r) ]) k—0, |Rpo(0)]? — —— ; finit
. dm 1 Q s
A0V = T(r) = +— k=0, |Rpo(0)> =0 zerc
o (0) Fopaenh =1 L= - |Reol0)] pere

|RE[](U)|2 ~ F( ? ’REO(O)’QJO(SHI.) — 0
zero-point wave function can not account for threshold effect

e Consider incident beam? _ _
L.1. Schiff, Quantum Mechanics, p141

[ =|t] = fuk current density
m
/ o, |[Reo(0)]*  m? 1/hk om? 1/muv oy @ Threshold
R (O) = ! Rt 1l —exp(=27/k) K1 —exp(=27h/mv) (Ulr) = r) effect
[Reo(0))* m? 1/hk om? 1/muv oy,
R0 (0) = I  RPexp(F2m/k) =1 B2 exp(+27h/mv) — 1 (Ulr) = +'r)
e But cross section has considered incident beam Initial one particle
dPy; Py, wave functlon
s T L expl—L(Et — - )
. . . . U~ —L‘\:p — _l” T
e Double counting considered incident beam? o
1
9

Gol(sin) = [REo(0)]? - ao(sim) o 72



Point or nonpoint particles?

e Electron, point particle r;, =0
- above calculations and conclusion seems reasonable
-at originr =0, only | = 0 partial wave (s wave) has non-zero contribution

C' . —ikr /¢ 1 L ) .
Ru(r) = o fme 4 (21{-;-)*’-F(Z+z+1.2z+2.-z2/1--r)

e Baryon, non-point particle, with component, r.;. =r,> 0

- all | partial wave contribution are allowed, | =0,1,2......

8/ (2r k)%[]i[(j%i)]?w(iﬂﬂ 20+1, 2ikry) |?
1 —exp(—27/k) ! 0 -2 I ) ; <LK T

- I >r1,, diverge when k— 0

2 |Ri(ro)l2 =

- application ? interpretation?

- simple quantum mechanics formula still available? 10



Threshold effect of other baryons final states

Unexpected features of ¢* ¢~ — pp and ¢*¢~— A\ cross sections near threshold

Rinaldo Baldini™", Simone Pacetti®”, Adriano Zallo", and Antonino Zichichi™®°

e Threshold effects seem be universal

o

(
}
a(ete” — ni)(nb)

1 for neutral B
W=y

for charged B

/ }
1 —e-ma/B
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e Threshold effects for neutron channels

- Coulomb correction leak?
- The unexpected features of baryon pair production?

- Near threshold can be interpreted as: BB bound states? X(1835), X(pp), X(nn)?
- Unobserved meson resonances, an attractive Coulomb interaction?
- Strong interaction on the level of constituent quark level? 1



Final state of efe-——1'1t"

arXiv:hep-ph/9312358v1 30 Dec 1993 UMN-TH-1232/93
''''''''''''''''''''''''''''''''''''''''''''''''''' TPI-MINN-93/61-T
>"e” — 77 7~ at the threshold and beyond Decernher 1003

Brian H. Smith M.B. Voloshin
e Born cross section

21 02 . .
(Io(e+ e” — 71" TO) = 7;? v(3— z,vz) U= \/1 —4mz2/s
e |nterpolating cross section of final state interaction
Glete” = 7t ) =00 (14 h) F. (1 +25(0) - ’;—“)
»

- Coulomb correction r — ma /v

1 —exp(—ma/v)

- Wave function correction
Ve(r) = Ce™  Fi (14 i\, 2, 2ipr)

[0 (0) + 600(0)2 = [0 (0)[? (1 + h) R R A G B (e
- higher correction J. Schwinger, Particle, Sorces, and Field, Volume 11

S(v)= 1 {(1 + v?) { +In (l“) In (H‘) + 2Li, ( ) + 2L12 (Hf‘ ) —
L22) — 4 Lig (1 )+L12( )] + L0+ 0% —Bv+ S5ty ] In(H2) +

G 111(1“)—41 Inv+ v (’ v ))}

e Dose e*e"— baryons has similar correction?
- With QCD modified form - Need more study 12
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Coulomb interaction in guantum mechanics seems can interpret the
threshold effect of charged point-like baryon-pair production cross
section.

Coulomb interaction formula become invalid for interpreting the
threshold effect of nonpoint-like particles production cross section.

Baryons are complex particle with inner components.

The threshold of neutron pair cross section need new mechanism.

What is true hadronic threshold effects mechanisms are far from clear.

More studies for threshold effect correction are needed.
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