
Lecture 3 - V cross section ,

1) V . e elastic scattering

2) Ve - m/Jep absorption
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: energy ( momentum redistribution ; no threshold

Limit to the - level ( lowest order in coupling )
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CITE:

ve+e-→ei+=
Lou energy ( q2< < ML ) : four - ferman  interaction :
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#
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After Fierz

transformation
:

L= . ¥ [ Tessa -85 )ve][ Is
, ( atg :) . fig :) 85 )e]



4- momenta,
Mandelstam invariants

*
 +

Pei
=

Puftpef
( i :  initial

. f : final )

s = (

pvitpei}=(
pqtpefp

ftp.t#IYgtytejIIeeu=
( Pui - pet )

'

e. Center ef mass frame : To Gris ( dimensional
gamey )

↳ True  in all frames due
.

Eo invariance !

In  e- rest frame : S = Zme Eu

-
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Stepsefuosssectioncalulatieni

�1� Write  -
in :

-
iM= - i¥r[ Trcpvf )ys( ^ -85 )u( pv ; )I( Pet )8g( ( ntgitatgv )05)ulpe;D

�2�

Calculate spin - average :

yz5+5,11412
�3� Simplify , using traces�4�Calculates

:

dT=

kEyF1MP#€P#ei#t-PetT

d3pef d3p .
s s

Mcpupeipmmes #2Eef#32Euf



Result
I=o÷[gi+g

:(
n -

¥ 5- Him

:
Fay ]Zpvi

.

Pei

gie = n+£( gue + got ) = 1£ + siiow a 0.73

gie=±( gve - gae) = sinew = 0.23

.



Useful : function of E ,F of outgoing e-

Lab frame : pe ; = ( me
,

%
FitEFE.tk.

use =Fifa Fuillpetl
Ve

'

For

Election kinetic
energy : Te = Ee - me = Q%me

.



Properties ef Te :

.

1) From EIF conservation :

2

Zme Eu cost
B. Te =

-

(metEu )
'

- Eu
' cost .

2) Max for cost = -1 :

e. Temax CEu ) =  
¥ < Eu

me +2 Eu



Differential cross sections :

÷
= 2G=*mI = 88.06 .

1546 one

e.

data ' date . :# = #sitgif . ¥5 -signet]dr
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=adf.IEteeth×[ gi +g :( , .

- me Eu wio 2

=
-

Tlmettu
)

'

-

Eiusif
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'

- Eu
' cost )2M£

cos 20

-89 ' Fta ]



Pointing to tee O source : # is max
. for cost -1

-

dcoso

Example : Solar V in water Cherenkov  

detect

from Superkamiokande web pagej



Effect of detector threshold : require Te ZTEM ( e.g. Tete
-

5MeYTemaxTCEo.TehHf@dIddteTethTEu.tety.Ifgi.gyCTenaItetaj.aiz.is.g

.am#Eetj+sg2zEeE3
) ]

Total cross Section
,

for Eu > > me : Teeth =o
,

Tema×= Eu

o( Eu ,o)e To Ente ( gi

+§gk
) ( Eu > > me )



Generalization to other Vspecies

. For Tete '

- e- tue
'

in
' ,c+e→e+' I , } same fomalism , different gz , gz :

. T largest for Oe
.

due to larger gn

91 Gz
.

Ve k+siiOw  = 0.73 Since  
= 0.23

In ,t -

yztsmhwx
- 0.27 Since

 
= 0.23

• simfw  
= 0.23 ktsiilw  = 0.73←

since = 0.23 - yztsinhwe - 0.27



( from Kim & giunti )
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2)

iffy
: quasi elastic Cc reactions

example : Vet m - p +5

Ias=f-
m p

Hadwic vertex : effects of QCD !
.



Effective treatment : generic  model of hadwnic current

-

etm→P+e)=
- if÷kdu( Pe )8g( ^ -85 )U( pv )

Hadwnic ×{ uicpp )[ OSFSCQY +¥mµTSZqyE( ay~ vector

current

:585 GACQY - 9Tmµ85Gp(Q2) ]Um( Pm )} - axialto
: f , ( Dirac ) 9=pu-pe=pp - pm ,

F ( Pauli ) QK - q2

:
a ( axial )

Gp ( pseudoscaemj
( T~Eih[8m , gu ] )



Had ionic current : derivation /explanation

. Hadrons 4 - momenta : Pm , Pp

construct scalar : zpn. pp  = min + mph - ( pp - pn )h= min tmp + Q2

↳ form factors must  depend on QZ
.



. Most general Vector current :

J

!
= uicpp )[ FDQYH +fdQ4( psptpsn ) if }( QYCPK - Pp )

]u→
-

- q

From Dirac  equation :

B. ICPP )[( pps +P ! ) -(mn+mp)8]um( pm ) = UTPP )iT57qyu( pm )
_

= Zmn := uicpp )[ 85 FSCQY + km ,pHq ,
flay +99mm ECIDUCPN )

( assume mm  
=  mp = MN )



. Most general Vector current :

J!=
uicpp )[ 85 FSCQY + km ,pHq ,

flay +99mm ECIDUCPN )

. Most general axial current :Jas=Tr( pp )[ 0585 GACQY + Em,g5Gp( ay + ¥tuPs 85 G }( QY ]u( Pm )

T - reversal symmetry ⇒ Fi
. Gi are real

.{ Isospin  invariance of QCD = > 5 = Gs = 0 ( verified experimentally )

↳ F
, ( QY , Fz ( Q2 )

.
GACQY

,Gp÷



Differential cross section :

÷
I

ftp.kmjtf.AHYTB.sn#+aaCIjfs=Cpu+pnj2t=(pu.pejEq2=.Q2u=(pe-pnj2

.

a=fn÷s{ ( ' tf÷Ka - f- Eu )(A.f÷sfy+a÷rE}

B=fyXGa(Fn+E )

Note :

|⇐h*ri+¥⇒
HITE.mil?Io



Useful : function of E ,F
'

of outgoing e-

**÷± .

*
o

In lab frame : 15'm to

S= ( pv tpm )2=mn2+2Eumn

e. | t=( Pe - Pu ) ? - Q2= m ! - 2Eu( Ee - IFEI use )

U=( Pe - pmjhmi - 2mnEu+2Ev ( Ee - IFEICOSO)



Final result :

.

e. gate = . ¥9,141 ltd ( Aca 's + Blay # to 's ¥ ))

( s - u ) = 4 mn Eu - 2 Eu ( Ee - IPTI use )

| ;[gk
 + MH  mi + zeumn

Pe - pv ) ? - Q2 =
m ! -

2 Eu ( Ee - I Feel use )

,
U = ( p e

- pm ) 2=  my - 2mm Eu  +2 Eu ( Ee - 1 Feel cos O )



Weak charged current form factors

. Fs ( Q2 ) ,
FZCQY known from electromagnetic form factors

µp  - Mm
Fz( O ) = 1

.
Fz ( 0 ) =  - - 1  =  3.71

µW

. Ga(Q2 ) =
# ma  

= 1 for
"

axial mass
"

2

(1
+ Qmtaz )

gas 1.27

. FF
. precision measurement critical for V experiments

( oscillation
,

sterile 0 searches
,

etc. )



Jetp -

mi
. Same formalism .  with BCQZ ) - - BCQY

. Possibility to  measure Ga :dT(=)
-

dtf
) - BCQ ' ) a Gacay (Fs(Q2)+ ECQY )

dQ2 dQ2



¥11
: Eu < < mw → QYM,y<<

1 :

E - gv - 1 Ga - ga

ACaY=¥EFetaI
( ga

'
. g : ) +

OKEYMDY
MD

(*¥
.EE#P:+sn+oew'uxC¥s:

→ total cross Section :

e. jam ) =o( Jp )=  ¥411'(^+3ga2 ) ET

el
.

6.154cm '

G+3gaY(
Euhyey}



Application : Jetp - m + et

.

. Ofrom Supernovae ,
reactors

, atmospheric i

. Water Cherenkov
, liquid scintillator ( Cm

It
head Lange and zwkanovich

. JCAP 2007



Final in

. Thank
yen !

. Sony For typos ,
etc.

. All questions / feedback ,
etc :

Cecilia .

Lumardimiaasu .edu

.


