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1. No Supplementary Answer-book will be given to any candidate. Hence the candidate should write their

answers precisely in the main answer-book only.
2. All the part of one question should not be answered at different places in the answer book.
Attempt any five questions
The paper consists of two parts.
Part A:- Question No. 1 contains 10 short answer questions. Each question is of two marks.
Part B:- Attempt four question with internal choice. The limit of each answer is five pages. Each
question is of 20 marks.

Default conventions are from Halzen-Martin. If you follow any other, you have to explain.

1. Short type questions (2 marks each):
(a) Form factors are factors which explain the distribution of the corresponding physical quantity.
For example, if we look at proton structure, it's charge distribution can be explained using

Fourier transformation is relevant Form Factor.

bR =3 Zleq2 for g = u, d, s (means 3 quarks R = 2)

Forg=u,d,s,c ratioR = 170 and forg=u,d,s,c,bratioR = 13—1

(c) Energy conservation

(d) Color doublet : RG, RB, GR, GB, BR, BG, %(RE —- GG), % (RR + GG — 2BB)
color singlet : % (RR + GG + BB)
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Similarly, PR2 = PRand PRT =P, = PRand P, are projections.
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(0 s =/, + )  herep, +p, = (E +m, 0,0, — p)

So,(p, +p) = (E+m) —p =E —p +2mE +m" = 2m’ + 2mE

:\fz \/2m2+ 2mEifE >> mthen\f=w/2mE

(g) To understand the decay like K o uzvu, which has similarity as T o u+vu but at quark level

K" have us but t' have ud. Since ud can interact via W but us can not do that. To understand
that we take a mixing angle of d & s as follows:
d =d cos@c+ s sinec
s'= —d sinGC+ S cosBC
Here angle BC is known as Cabibbo angle.
(h) ¥(1-a ¥°), here a € [0, 1]
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Json file for the above picture can be found in last page.

(j) Using uncertainty principle AE At = hand AE = 80 GeV, we can find out At
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2. In Breit fram pu= (E, p) and p' = (E, — p), therefore YH(F1 + KFZ) —@Z;NI?)KFZ gives

0 — . 0 E
p=J =eu@)ly (F + xF) — o «xF u(p)
But ﬁyou = 2M & uu = 2E, so

_ E _
p = Zme[F1 + (1 - " )KFZ] = ZmeGE
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(a)
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3.

(b) Changing scattering variables in unitless variables x, y is Bjorken scaling. It represents scattering
kinematic region inrange 0 <x<land 0 <y <1.

Problem 11.5 in Halzen-Martin
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(a) Similar to 2 OR (b), x is fraction of momentum. Or in terms of energy s = xs, where s is real
useful energy, x =—

- __pr9g _ v _ EE
stu ~ 2Mv and y = pk(laby — E ~ E
(b) Picture 9.3 in Halzen-Martin
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Exercise 12.15 in Halzen-Martin
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O'(Vee ) = ——, Since neutrino mass 1s zero so, s ~ ZmeEV
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So,0=G—(2mE) =10 x%E
T e v LY

. . . -41 . .
Using strength of weak interaction, we get 6 = E , X 10 “cm?if EV is in GeV.
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V=2Fud +A,)]
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If u*> < 0 and A > 0 then there will be minima in ¢ at

b =t = visay)

If we use perturbation theory for ¢ suchas¢p =v+n+1E+;¢

Here 1 and used to show orthogonality field 7, £ and . If we will calculate potential V for perturbation

then, we get terms of n* with some factor (\/— ZuZ)2 but there will not be any term with &% or 2.

OR
We replace ¢ — eiacl), then
£ will be invariant but
— 9L oL 9L s’ oL i
0L = 2% op + 50 ) 8(6uc|)) + . o + a(au¢)* 8(6uc|>)

Using E.L. equation, we will get

j'=ie(d ' — $3"d)



Json file for 1 feynman diagram:

{"title":"","elements":{"anchors": {"483":{"id":483,"x":60,"y":260},"499":{"id":499,"x":540,"y":260},"
724" {("id":724,"x":320,"y":220},"1316": {"id":1316,"x":540,"y":220},"1672": {"id":1672,"x":200,"y":180}
,"2689": {"1d":2689,"x":440,"y":300},"3553": {"id":3553,"x":360,"y":220},"5906":{"id":5906,"x":200,"y":
260},"5993": {"id":5993,"x":540,"y":60},"6468":{"id":6468,"x":60,"y":180},"8165":{"id":8165,"x":540,"y
":360},"8355":{"id":8355,"x":540,"y":400},"8605":{"1id":8605,"x":540,"y":100}}, "propagators":{"993": {"
id":993, "kind":"fermion", "anchorl":8355, "anchor2":5906},"1005": {"1id":1005, "kind":"fermion", "anchorl":
5906, "anchor2":483},"2707": {"1d":2707, "kind":"fermion", "anchorl":6468, "anchor2":1672},"3754" : {"id":37
54,"kind":"fermion", "anchorl":8605, "anchor2":724},"3994":{"id":3994,"kind":"em", "anchorl1l":5906, "ancho
r2":724},"4619": {"id":4619, "kind":"gluon", "anchorl":2689, "anchor2":3553},"5722": {"1id":5722, "kind":"fe
rmion", "anchorl":1672,"anchor2":5993},"6527":{"id":6527,"kind":"fermion", "anchorl1":2689, "anchor2":816
5},"8057":{"id":8057,"kind":"fermion", "anchorl1":499, "anchor2":2689},"9884":{"1d":9884,"kind":"fermion
","anchorl":724,"anchor2":1316}},"text":{"92":{"id":92,"value":"u", "x":51.42857142857144,"y":183.5714
2857142858, "type":"text"},"1149": {"id":1149, "value" "W +","x":261.42857142857133,"y":212.142857142857
2,"type" :"text"},"3444":{"id":3444,"value":"u", "x":560,"y":60, "type":"text"},"3812":{"id":3812, "value
menrdt, "x":560,"y":360,"type" :"text"},"4398": {"1id":4398,"value":"\\bar{d}","x":560,"y":100, "type":"tex
t"™},"5116":{"id":5116,"value":"\\bar{s}","x":51.428571428571345,"y":260.7142857142857,"type":"text"},
"7957": {"1d":7957, "value" :"\\bar{d}","x":560,"y":260,"type":"text"},"8156":{"1id":8156, "value":"\\bar{
ul","x":560,"y":400,"type":"text"},"9903":{"1d":9903,"value":"u","x":560,"y":220, "type":"text"}}, "sha
pes":{}})



