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What Is Primakoff Effect

Process of electromagnetic
production of hadrons in a nucleus
Coulomb field at high energy

B+ (A Z) = X+ (A, Z)

Assumed
» Coherency

» There are processes
B+y—=+X

J—>DB+~vy

Example:
¥ (1385)~ production




Kinematics Of Primakoff Production

Laboratory reference frame

my —mj +2q7 + 297 m% —mj LG tar

2P, ~Top, O~ o,



General Expressions For Decay And Production
For decay
M ="Te,

ar — @)’

For Primakoff production

M = eZ(p1 +p2), i% T,




Standard Expressions For Primakoftf Production

This is an approximation

Main assumptions

myx < Py
qr < (mf —m3) /(2my)

If the beam is not a photon

d%o _EZQU[B+7—>X] a2

dgzdm? 7  mi-m} (qf+9q?

)2’ C(qT7 c )’

2

do 2J;+1 m;y 3 qs 9
— = 8raZ? 2 [ —B+ < )
dq2 o, 10 B e e ) @

F. — formfactor — MUST be taken into account



Exact Analytic Calculations For 0~ — 1~
Matrix elements

For decay like K*(892)" — K+ +

M =g €unp €[V Pu[V] ea[K*] pp[KT]

2 2\ 2
2 _ my —my
T DL = gt (M)

M2 =

Thus

771 = Z€uvip (pu [J] - pu[B]) Y [J] pp[J]
And for Primakoff production

M = eZ(p1 +p2)n gq— T

M = eZ 2ngPBg—;e;[AJ]



Exact Analytic Calculations For 0~ — 1~

Width and cross section

Decay width

= 3272 m?

_ 1 2‘ |3_ I m?_mQB ’
122 P T or8 om,

Primakoff production cross section

! |p|/\M2dQ
J

.
dt — 64ms [pS[2

Using o = e?/(47) and s[p{™|? = m2P2

do _app e _ o opop (2 "ai
a 478 q* m?—m% /) gt



Exact Analytic Calculations For 0~ — 17
Matrix elements

For decay like Kq(1270)" — KT + 4

M=g (ph] -€e[Ka] p[Ka] - €'[v] = p[Ku] - p[y] e[Kq] - 6*[7]>

2 2\ 2
2 _ 22 my — 1y
M QJHZZ!MI = (ng )

T.=g (p[fy] - €[K1] pulK1] = p[K1] - p[V] fu[K1]>

And for Primakoff production

M = eZ(p1 +p2)u gq%y T



Exact Analytic Calculations For 0~ — 17

Matrix elements continued

Exact expression where € = €[\;]

= eZ2gymi+qi+ay X &

X (_ES(PBQL —qf — a}) — €iExar + €:Equ)
Approximations at qr — 0, q, — 0

For projections in the Gottfried-Jackson frame

M~ —eZ ngTEX‘ng for e(x):—%

M~ —eZ 2gmpmy 3—5 for e(z) = €(0)



Formfactor

Some complex number, close to 1 under certain confitions

When the formfactor is 17

» Small charge
algZy — 0

» Small nucleus
R—0

» Small interaction cross section

Otot — 0

Total production cross section

do
@ - |fc FC +fSFS|2



Formfactor

Usually calculated in Eikonal approximation
by people that measure radiative decay widths

Coherence condition

m _ mB < 2Py /R R ~ 1.12AY3fm
Re = 2.6fm
For K - K*: R £ 12.7fm Roy, ~ 4.5fm
Rpp, =~ 6.6fm
2
Fo(@®) = £ 24 [
—1lolA [ d 1A T
ein@TE(r)e =P *L o) e~ xcl) ¢ 2UXAzfdzp(r)

o' = otot(l —ip'), p — normalized density,

xe(r) = [ dzV(r), V — Coulomb energy (~ aZZs)



Formfactor: Pointlike Nucleus
No charge distribution. No absorption.

In that case |[F¢|?> = f (aZZ5, ¢2/¢?)
Shown are 4 curves: H, C, Cu, Pb (Z =1, 6, 29, 82)
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Formfactor: Uniform Solid Sphere R

Three curves: Fc = 1, finite nucleus size, plus absorption

Numerical calculations with old program
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Production of the Km system

Allowed spin/parity
JP=0t,17,2+,37,...
For any production mechanism
i = Q)
£(Q) = o ;( + 3) AT Aadp) D3y 5y, (#,6,0)

Assuming P-conservation and spin-0 beam, target, recoil
A(=X) = —A(\) thus A(0)=0
At small 6 we have: D{3(Q) ~ 6* ~ g} thus %‘t’ ~

In Primakoff production
It seems that due to €,,), general expressions coinside with
exact ones not only for K*, but for any K7 system



Strong Production Cross Sections

Approximate cross section A-dependence for most processes is

o~ A2/3
Incoherent Coherent M =0 Coherent M =1
production production production
do - do — 2/3 do _ 2/3
E = (e b1t a — Cse b1 A%/t a _ Cste b1 A®/°t
Cg ~ A?/3 Cg ~ AY/3 Cs ~ A2

Background to Primakoff production lies in the small t region

background ~ Cg



Experimental Data On K*(892)* Production

13 GeV: 71 ub Cst exp (bt)
30 GeV: 284+5,354+5,43+5 Cs = 5000, b = —10
50 GeV: 12 43,2242 Equivalent to 50 ub
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K*(892)" Production Expectations

Assuming Fc =1

Z=1,A=1b=—-10GeV 2
Cs = 5000 pub/GeV*

b
GeV?

7Z=6A=12 b=—-70GeV 2,
Cs = 5000 A2 ub/GeV*
Smearing: oy = oy = 0.010 GeV

" " " " "
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Transferred Transverse Momentum

do/dqg? peaks at ¢2 = q?
q ~ 15.6MeV  for K*(892)F
qr ~ 4.5MeV  for Kr at the threshold

Transverse Momentum Resolution
Px = pex
J[px] = pU[QX] + Hxa[p]

Due to momentum measurement

opx] = bxolp] = prglp] < \p/ﬁgg)] 289\/1\;6\/% ~ few MeV

Due to multiple scattering

opx] = polfs] & pLEEME /x /X = 13.6 MeV x /x/Xo



Cross Sections And Luminosities

Input: MK*(892)" — K*v] = 50 £ 5keV
Possible 10% X, targets

L=pINpa/u  Lc=0214b"1 Lo, =0.0122b71

Primakoff narrow K* production assuming |Fo| =1

(A,Z) max ¢2 [GeV?]  0pum [ub]  Prob[10%Xo]
C 0.001 1.352 0.29-107
Cu 0.001 31.59 0.39-10~6

Note: 2mm Cu ~ 14% X



Events Expected

Primakoff K** for 10% X, C target with g2 < 0.001 GeV?
0.5-105 Kt per spill

1 day perfect accelerator running (24 x 60 x 6 = 8640 spills)
50% dead time

0.8 - formfactor and mass window selection effects

events
ay

Rate ~ 500 x BR x Eff

Other Primakoff production processes

olp — A(1232)*]

~ ol — el g
o[KT 5 K*(892)7] ‘

11 ~
oK+ — K*(892)7]
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