
2.2 Cutting Rules 4 Optical
theorem (cont 'd )
-

see] = Jd"+⇐¢i - wit
'
-g. ¢3]

£

is coil = ?⃝÷
= -0- +0cg)

i

¥
"

=L Cig's d-
"
k
E-ñ+i←q?¥;←

1-

K2-wit ie
=
- i't f /hi-my +P 1-

:÷
= - is + P

In [fail = - ÷ of fd§(RP, - b.A)
dot = d-

"

kit"k £7k,-1k,-g) §?*saFf%



i [ coil = I fd% e'"✗ fig} iD IDA)
✗

time -ordeal

✗
• op.si/nnspaieprpyek1D--EJdEk&mi+ic-ki-mi+ic-

- -

→ Time -voted

D.

o = E) dD✗e" ✗ Cig} iPad! etlx)
¥ To
for t> o for tf 0

= Esi fdgkim-T-r.ie Etta"l t
% = sina.IE

F-.

⇒ Inlio)=E5fd&(P.R-iaad.bz)



⇒ ImEEil-tzg-fdEKI-o.rds.dz)
☐ mittens Tontowhen

i-sjnkihnk.fm?
⇒ sgi-k.ir:) *

wL0G:q ⇒ ki>¥ .

* ⇒ Real 2- particle state .

in intermediate state !

Im£
,
=EjfdI 2=014901491,Az

=

'

zgifdIJ.CC/ciHfCki-mYOlkihtf1kEmY-Sd-'ki01ki1itHai-m5y=¥%fÉ¥ft¥£%ik-g)==¥gÑ¥w
,

É



Imscq> = EE
'

HA¢→nÑ
actualdates n
into which ¢

y momentum to
= MFcan decay

in the rest frame :

y

f =/DIII /IAB if q=Cm , 8)
TM

( above A = ig )

(91
= - + →- +→→I

. .

=

off -m2 - Scp
' )
Is

kinematical annoyance : if
M>o ¢ → 44 is

forbidden by g-- titkz .



eg to which our calc . literally applies :

L = I HIT- MEL -16¢,
'

- n'¢2
- g ¢201 )

y m<M

sie - -
now §→ ¢4 is allowed .

sk

÷÷÷?= -01¥..If > 1 possible cut p¥ MOCp%af.gs?my=Ogp92Tffi--cp)
→ Tep -

Imc 1=8
'

f. (true also
cuts wluuanntz )



Whzi unitarily .

Sf, = -41 e-
" "Tti >

+
af fi

H=Ht → a- = Sts

= (M - iTt) ( n + IT]

= I + i 1T - Tt ) -1T¥

⇒2ImT = -1+-1
¥ÉmT

optical theorem .

ZIM Tfi = § TsuiTain
tf =§# BIG HORRIBLE

sum .

eg:# at @Gil : EMS ¥4 at:# fact ) .



In a basis of scattering
states :

Lfl T Ii > = Tfi = £
"
(Pt -Pi) Mf , .

< f- I Thi > = Tfti = £" ( p+ - p;)Mff]
I = § (¥, JdI¥;) 119+7×19+39

T

f n - particle
state .

G- IFAT II> =

§ G- I Tt ¥fÑ¥÷ 114-1×19+511=1)

=E¥:¥£É§%)uTf) F
f-
"

CPI - §9f)Mqq}I
IT, fdY?¥ f-☐ Cpr. -9,9£ ) = SdltnN- particlephasesp .



⇒ c- (M±*⇐ -MFI) =

§ fd IN M¥q}f ME 9+3I ]
New : consider forIad scatting : I=F

.

S = I +IT = I + ifcp ,-7M
p -

⇒ 2 ImµzI = §fdÑN|M{q1=[
✗ o Cz → anything)

I
: I = 2- patio6 state

KKK→ any I
=%,¥vy§d The IM#→v1

"

com

% 4¥11E. I 2 IMMKK,-' kkz



Im =☒
= E

on-shell ☒ IT ✗ ofznsany)
intermediate
states

= anything that
2 particles

can turn into

Implication : Resonates
some particles don't live long enough to

separate production : €
F

from decay : Hr
⇐

instead Imc >HR )



£717) time, = < FI IT II >

special case : I f)
,
II ) are 1- particle

states .

2

( amputated )LSZ:- µ = -1152-7 - i

:-#ima

= - E ' £ .

let [G) = Acp
'
) + i Bcp )

near the 1-particle pole

É" 'G? = pzqp] =gi.my?i--pAhi-iBz-.--(q.mIF--iB-zf. = - 2-Blind
pEm
'

=p:m¥Emtw .



Sippy: )••* p , -1Pa =p

T f

G
"

'd

⇒ Irisa / E'"cpÑ=|pminrÑ
=
2€ Quai

Cp'-ñ5+mTi
I

Lorentzian

Breit-Wigner distribute¥:
tafpi-CE.ie?5pi=CE,-p,TE+.--JmTm--r-wTzE--M

. HE
:-[ ¥ .

ru width
.



KEYS :

rw = - BI É -1m C- ImM↳ ,)

real)""

ÉthImE*fgdTnlM{¥1T Ems
decay

rate .

= T in
' the com frame .

•(ifsE<<
• if not fam ,

broad resonance

must keep Bcp
' ) = Bail -1 ( p?m7BImY

☒
. . .

Unitarily & High energy physics :
①IÉmtpnd on

the cutoff .



② o s p-lahiline.es C- 1
.

da : Gtotae (s) £ Chefs Froissart
Bound .

In particular 5
can't glow

polynomially in S
.

the St ✗ so

✗ .

suppose EG) =L .
A - G
tree

or ~T¥ - G'
tree

[ of = -2

if E >> everybody ⇒ Gless . . .)~ GZÉ
""

= £51
- K

if K f- I dies "
"""

violates Froissart.



Nm - Rerwnahzable Requires new high-energy
interaction

(G)E- 1) dep to
"

restore unitarily ".

L 4 fermi theory : SIX)=fd:#4
- E- 4-44-4)

[Gp ] =
- 2

Gf ☒ Iwi ☒c-*W
÷:¥%÷i.

y gravity fog ] = -2

Gimpel ?⃝
⇒
OFT of grouitunsm EH actin becomes strongly avg.kden.mn

.



2.3 How to study hadrons
using perturbative QCD
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