P424 Assignment 7 SOLUTIONS

1. The figure below shows a deep-inelastic scattering event e*p — et X recorded by the H1 experiment

at the HERA collider. The positron beam, of energy F; = 27.5 GeV, enters from the left and the

proton beam, of energy Fy = 820 GeV, enters from the right. The energy of the outgoing positron is
measured to be £3 = 31 GeV.
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a) Show that the Bjorken scaling variable x is given by

FEs 1 — cosf
=3

EQ 2 — (Eg/El)(1+COSH)

where 6 is the angle through which the positron has scattered.
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, thus we have q2 =(p, —p3)2 = P12 + P32 -2pp; =

The variable x is defined as x = -
29 p
2ih} -2E,E,(1-cos0) and q* p=(p, - p;)* p, = E\E, + E\|p,| - E,E, = |p,|E, cos =
2E\E,-E,E,(1+cosB)=E E,[2-(E,/E,)1+cosB)]. Thus we have
. 2E E,(1-cos6) _E; 1-cos6
2EE,[2-(E,/E)(1+cos®)] E,|2-(E,/E)1+cosb)|

b) Estimate the values of Q?, x and y for this event.



Q> =—¢° =2E,E,(1-cos0). 0=45° = (O ~2(27.5)(31)(0.2929) ~ 500 GeV>.
x=ﬂ 1-cosf ]z 31[ 1-42/2

E,|2-(E,/E)(1+cosO)| 820(|2-(31/27.5)(1+~/2/2)
Prq _ EE,[2-(E,/E)(1+cosH)]
P, D 2EE,

=0.0378(0.2929/0.0756) = 0.146.

E
=1-—(1+cosf) =0.038.
y 2E( )
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c) Estimate the invariant mass M of the final state hadronic system.

M, =+/(p, + p, - ps)’ z\/—2E1E3(1—c030)—2E2E3(l+ cosO)+4E\E, =
A/=500 — 86789 + 90200 GeV =~ 54 GeV.

d) Draw quark level diagrams to illustrate the possible origins of this event. Using the plot overleaf of
the parton distribution functions zuvy (z), zdy(z), z%(x) and zd(z), estimate the relative probabilities
of the various possible quark-level processes for the event.

[Neglect contributions from the heavier quarks s, ¢, b, t.]

The event originates in the deep inelastic scattering class of diagrams, i.e.
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Deep Inelastic Scattering

Since x ~= 0.15, we have the relative probabilities
xu, (x) =055 = u,(x)=3.67

xd,(x)=025 = d,(x)=1.67

xu(x)=005 = u(x)=0.33

xd(x) =007 = d(x)=~047

so the actual probabilities are approximately

u, =3.67/6.14=0.60; d, =1.67/6.14=0.27, u=0.33/6.14=0.05; d=0.47/6.14=0.08.

2=6.14
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2. Pseudo-scalar meson leptonic decay.

a) Calculate the decay rate for K* — p*v,. We now know that neutrinos have mass,
so use m,, as the mass of the neutrino (i.e. don’t set it to zero).

This proceeds very similarly to the calculation of the pion decay rate in the lecture
notes (electroweak #1), however we must be sure not to make the assumption
that the neutrino is massless. The first time that assumption is made is in the
second line of p 30, i.e. this should be changed to

() = (ngK) PP TV A=y )(ps + m, )y (1= 7" (ps + m,)]

8M;,
(gwa

S M?

- ngK
8M,,

) by Ty A= 7°)(py + m,)y" (py +m,)]

) Pl [ PAPY + DYDY = (P, p)g™ +m,m,g" |



2 2
= %(—gAW/I]:K) [2(p,- )Py p3) + mi(=p, - py + m,m,)]. We have the dot products:
w

Pi=DPy+ Dy => Pl =py+ s+ 2py p) = myg =m] +my +2(p, p3) = (py- py) =5 (my —m; —my)
Similarly, (p,* p,)=3(m; —m; +m}) and (p,- p,) =3(my + m; —m?). Thus, we
have, after inserting the dot products in the above (and a few lines of algebra),
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2 1 (g, 202 2 2 242
<|jl/l| >=E(M—§VK) [m3(m? +m?)=(m} —-m?)*]. To get the decay rate, as usual we

o
2

. For a decay at rest we have p, = (m,,0)
8mm

use Fermi’s Golden Rule: T" =

and p,=(E,,p,), thus p-p,=Em, = E, = PPy (from above)

mK
2 2 2 2 2 2
Mg 2™ =My We have ‘pf‘z =E}-m] = (mi + m, —m,) -m;, thus
2m, ' 4my '
4 2 252 2 2 2
\/mK +(m; -m))" =2my(m; + m,)
B,|= - . Thus
4 2 232 2, 2 2 2 2
- -2 +
= \/mK+(m€ mv) SmK(ml mv) gw]:K [m12<(m5+m3)_(m5—m3)2]
2567m;, M, ’ '

b) Repeat the above calculation with a purely vector current for the charged weak inter-
action (i.e. replace y*(1 —+°)/v/2 by 4* in the Feynman rules).
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With a purely vector current, we have M = f#[ﬁ(S)yyv(Z)]pr” =

w

(o) - [iﬂf ] PP I r" (py+ m )Y (py+m,)| =

4M;
middle two terms contain an odd number of gamma matrices and thus are zero.

[ngK} PP ATHY" pay” ps1+ THY" poy"m, 1+ Trly"m,y" p,1+ Triy"y 'm,m, 1} The

4 M2

Thus we have <|.7W| > [ngK] |:4pmpwpz,\p3o(g’M Y —g"e + g"g" Y+ dm m,g" ]

My,
averaged square amplitude from part (a) above. Thus, analogously to part (a)

) 2
= %(M) [2(p1 )Py ps)+ mu(=p, - ps + mvmz)], which is twice the spin-

above, <|jl/l| > (gAW/[]:K) [mi(mﬁ +m§)—(m§—m§)2] and



[ i+ Gn? = ml)’ - 2mi (m? 4 m}) (gifK
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‘¢) Compare your answers to parts (a) and (b) in the limit m, — 0. Try to give a physical
meaning to this.

) 2
In the limit m,—0, we have T, = 2561 - (g&]}) m;(myg —m;)* and
mK w

" 128mm’ | M2,

I, =2I,,. This factor of 2 is just because the weak interaction just couples left-

hand to left-hand particles, whereas the electromagnetic interaction couples both
left-hand to left-hand and right-hand to right-hand particles.

) 2
! (gwa) m;(m; —m))* , so (as is in fact the case for any m,),



