12. Electricity and Magnetism (Fall 2004)

(a) Show that the annihilation of an electron and a positron can produce a single massive particle
(say, X), but not a single photon.

(b) A positron beam of energy F can be made to annihilate against electrons by hitting electrons
at rest in a fixed-target machine or by hitting electrons moving in the opposite direction with
the same energy F in an electron-positron collider (colliding-beam accelerator). Show that
the minimum energy Emyi of a positron beam needed to produce neutral particles X of mass
M > m. (where m, is the electron rest mass) is much greater in a fixed-target machine than
in a collider.

T gqn electon and a prsitror were Yo annihilgte in® o smyle
Photon, T+ wenld be z'rr?fa.fﬁr'ivlré' + conserve mommenMin inall frames:
fh'ﬂ.ECl?n‘fEr‘a‘F rass frame o here The ot l momentum is 2ero
but the phol*n created must haye N6hzerm moménTum. A massive
particle an shill be ereated because it can be ol ionary T

cenfe—of mass frame.

a,

L, We want Jo find fre dotul enerqy in The codfer of maoss
frame E_.;: =2Eim so That we don't have Yo Yake into
acount leflover Kielic enersy required by wom enfuim
coviervativn, Thew Ewn it The valne o Ep in The
lab frame when ESP =M & Eem= = Me*

Y e
For a raH.‘JFr';wg are a}read‘y “n the (M framme, 5@ E:u-’ E,
Emir :ngEf”;%Mc“ :ETM,E?’%{‘M,« = 3 Me*
For a fixed *frdfje'f', Eltg oo, T you ctact fram The
center of mass where  cach partitle hos vefuc.?vly Wem, 507,

then fre V@'ﬂeﬁ:ﬁ o The r-ﬁ:f:}i’e o the lab Q(NH'H';, Upab 15

2Uem ' Vv
Uy = e (q‘frpm . = _,_‘-"‘._'f__._\

| + Uem /27 | +avfe®

Ste you are oddirg The veleeties of fhe pacticles re ifca‘fi;ﬁ‘?’fmﬂy,

S E{“"" Jome’ = = FL-; = me =
& B inb V1= By \ | - e [_|_ 2B, + Beol
- T {‘-i-ﬂ"" z {J*ﬂt-m‘} [I*‘ﬁzi})" :
i - -y 3 -
e\ IEERLS o 42 (10802) = mcEom (14 - 32)
R
= 2wt Yok et = QCE?,) .
fix b y. S
TIW.TE\'&'TE E'Im;n"' £| ]ETM=J£M¢1 = _,E._E_\-(%.Mfr‘)ﬁ'Mf--‘:‘ _-;Tn .
% g = I
= g = LB 3 LM =Emn
Shee M7 M

- 2

o L1



