
2.3 How to study hadrons with

pertrrbative.co#
¥4hadrons

g.
anything E-ete

-

En ;sImµfééÉe+é)|
forward

forced : Pi = Pf

Li = ✗f

e
-

et
# = ima

Q Lac
,

= § off ( iD
-mf) off

✗ i - i

9f : Dirac spinor .

ftp.T?&n-io+AnIP+...nof---iq8M9-fiD9f--9f&(iDJPftp.



gk

inn -

- ¥①÷É¥+
1kt

= fief ñlk1%vck+ ) ilTIlq ) ✗

-

J(k+) Truth)
Ward

-①- = i-iiql-iloiym-59YIT.iq)
-

avg . optical thin over polarization

g
hadrons← ete

- f
unpolarization

= ¥ £ Imz%_yspins

tÉ Ss>me

Eñiviru = tr
"KY)(spins Im+

= -8k¥ = - as]7.
= -

"

Imltnls .

←!



L -- lepton
che±ImlT
,
= - § F(M% ) gmassm

In:⑥§n¢ o
""→é= ÷FCM% )

: 4*5 Imlth

FXX ) = {
° ✗ 74

☒ 4 -12×7=1+01×7 ✗ £4

FCM's) ^

- II.
quarksFete-

= 3 E QI ¥F(Mf%)%
flatly



RI
i.

.

- . .

of hadronsÉeté) - - - - - - - - - - - - r¥⇒i
s

@moi c2Mb5

me -71.3 GeV my = 4.5GW

why does tree- level AfD do well ?

iTYcq7= - e
' fd"✗ e-

"8×021%-7×556>or>

of >, me
'

means ✗ is small?

m•!<•m
quark part of EM current :

= ④II☒ g-mad = § 9971×78%1×7



In Gf. -←eté)
,
we're interested in timelike q^ .

t
→ dominant continues of dx

9¥ .

Are timelike ✗
M

.

JMCX? For
^

:
it -- Elnxnl

T physical states

= hadiths .

larpspacelihefm 42
patthymrks .

b. #mm-q' = -Qi t physical
states

howto use our knowledge pert th . ✗

of IT / q
! -Qi ) to learn

about IT / 92-7507 ?



±⇒*§÷¥¥÷¥ . Himq
?
-Qi

= -
""

Age)"lI|
q
?
-of . e-

Can be
calculated in

part . thy .
Principle of locality :

singularities of Iff) only arise
hall

for physical reasons -
Ifemediatestates

.

→ can deform the Coutureup
changing Ia (away from 1¥)

( likespectral Rep . for vectors⇒
DKK E.)

ThlqY"É"bglq



CpacmanlTCx-iic-7-1TCx-iE7tfn@zpis.p,#
In = - ""• ftp.enan ÷. ¥¥+ ,

it
-miss⇐

. . . = -was?d÷"÷¥¥
Sthreshold



Disclt = 2iIm IT

⇒ In
= -

"" II.÷. aij⇒

!althm ¥ gods
5-

↳ qfjnxighadnhsc-exe.cc)I

thresh §
can calculate / can measure!input . th ..

[ ITEP sum rule . ]

?
Is ocn ⇒ EG In

no . → can't see narrow

resonances in
fixed-order

pert . they .

ÉÉ4
Schwartz §zY .



3pa-abkonlntegratiya-theaydotss.IQ
, g) =

fdtftzloii-iwiil-1.ca?rce9+gceq2J---Saolq)+ffce)-SintIQ.qI
.

→

.

2- = f [dcedq) e-
SEQ

. 9]
.

pud .

6isDfñst=_
"

integrating onto
"

e- Sent 8] = f[day e-
51997

( (2- = ffdqje
- Seats) )

= e-
Swot 9 ] ( e

- Sint 19973
,



C. . . >• I f dhe) e
- Sak]

. . . gaussian .

< e-
Sint 9% = ffdaj e-

flat-flies>do>

71st = gq
? =We

f- fdsdtJGGA.tk

w/ Sr[a) = fdtds QCDGYs.tl Qct )

i. e. C- 25-1 D) Gcs,+7=8 (ft ) .

GCS,tl= Gcs -t ) . f
Gcs? = fotwe

- i" Gw → Go =w¥ñ .

Gist = ftp.EY-ni-ise-lsir
Tr '

.



e-
Seg [9) = e-Snuff

] - fdtds ¥

qcsiccsiiqa-isegfq.su
.

[g) + fdtds ¥91M
'
Gifts gits

914m¥
" '

~ q*
.

I 911-1
911-1

Gls,+1=66704-1)a

¥.mg?..-I?---;+-..!;:...o=8SBAD:eom
depend
on history !

Suppose : we're interested only
in timescales St >s Yr .

assume

afar .

I.
~ too



Gls? = fotw e-
iws

Fer '

= saw e÷I ¥µ
s ÉÉcÉi

h=O

= ftw % - ¥ +. . . )

= ¥ Scs) + try 25867-1
. .

-

61¥)

Seal97=5%191 + fdt Eggar
"

+ Sdt sEn*Ñq
" +6µg )



91st 911-1 s-t >Str

¥
91st Gat ,

914
= ☒ + ☒ → ☒ -1 .

. .

& is' r
- -

ñ~ In

for an experiment mppeeisia.us
at energy W

keep up to
nth term

↳inns

Sealy ) = .
.
. { an aiq5q

'

m Cn - Jin . Ten]< 0 .
-

→ Sqq←gq~ E
"""
ai

violates unfairly when E>R. .

-



This is the basis of Effectuefieldheay
( EFT ) . :

coarse g raining
: focus the low -Etfs (g)
- actively ignore high

-E dofs (Q )

except to the extent
that they

affect the low - E modes

Sefglq] .

weakly- coupled

any
'

aft = collecting Coupled ) oscillatory

m D= Tim
• =ñ¥'µ!Rest : generate

all tens in Seglq ) dothe

integrals
-

ke
consistent in symmetries. Hyden .



Asymmetry : if we did fldq] first ,
-

we can't get a local actin .


