-
-
.

.

»

eoretical description afguasi-elastic

/
s

i 5= "‘%4 '!,5".'0!-‘6.; ﬁ“
C@E@ﬂl‘/sj’@?jlsowch Arbuzov Jinr

z
e



Actuality

 The advantage of neutrinos is that they participate in the weak
and gravitational interaction.

 Using neutrinos, one can investigate the weak interaction.

 The Reactor Antineutrino Anomaly.

* Practical application of neutrino is the recently developed
neutrino diagnostics of industrial nuclear reactors.

. . <
| PRI



The Reactor Antineutrino Anomaly.

The synthesis of published experiments at reactor-detector

distances < 100 m leads to a ratio of observed event rate to predicted rate of 0.976+0.024.

Further evaluation of this value leads to the value 0.943+0.023 leading to a deviation from unity
at 98,6% which we call the reactor antineutrino anomaly. This value is derived from the ratio of
the observed neutrinos to the expected number of neutrinos. The compatibility of results with the
existence of a fourth non-standard neutrino state driving neutrino oscillations at short distances is
discussed.

Generally reactor neutrino oscillation experiments

search for the reaction: B 4+
Ve + D — €' +n,

where an electron antineutrino interacts with a free proton in a detector, often filled with
scintillator. The reaction cross section can be precisely computed with the
V-A theory of weak interaction.

g\fr—_&(EE) — H}-}EEe(l + Orec + Owm + firad)-

Pe and Ee being the momentum and energy of the positron, and the @ being the energy dependent
recoil (Brec), weak magnetism (& wm), and radiative (& rad) cor-
rections. On the one hand, the prefactor can be written

G2 ZQ T
p=—FO7TC 1 LUAR (14 302),
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Radiative Corrections

To calculate the effect of radiative corrections on the ' ' T
total quasi-elastic cross-section, we follow the approxi-
mate approach of calculating the leading log correction
to order log ¢)/m, where () is the energy scale of the inter-
action process . This approach has a calculational ad- 3
vantage in investigating the differences due to the lepton
mass, m hecause the lepton leg leading log only involves
sub-processes where photons attach to leptons. The key

é‘* -L 2 & () A (=) o

result from this approach is that the cross-section which 0 o5 | LSz 2
allows for the presence of radiated photons, o7, is re- A S
lated to the Born level cross-section, o, by Fig2. Ref.[2]

doLLL » dUB +O’E_,\[ 4E*/ d" Z
dE,dQ ~ dE.dQ T or e Tm2

X(l dO‘B ’ dO’B )
2 dE,dQ 1Be=Fe/*  dEdQ )’




We have recorded Feynman diagrams and their amplitudes for the
following processes:

1) Ve +n — e -+ p-__.




And this is the amplitude of the transition from the initial state to the final:

A_)f :%[U_z(p2’r2)7#(1+7/5)uz(pz’rZ)]X

(1D, S0 (Pt ) (14 7 VU (P,

1)

2)

A%f=%[u_(p4 )7, (L4 7))V Uy (Par 1) |

X(—iDW)X 2\g/§ I:;l( P; r1)7/v (1+ 7/5)Vud02( P r2):|

Where :




Calculating the effective cross section.

_d’qd’r

dI’
20°2r°

x5 (p+k—q-r)

Use the property :

d'rs®(p+k—-aq-r)—>1

F=p+k—q

Receive :

d’q

dI" = 2
2q°2\/(p+12+q) +m?

5(po+ko_qo_ro)

Decompose :

d°q = d|*dqdd (cos0)



From the law of conservation of the equation we obtain square equation.

p°+k°—\/q2+m§ —\/(p+IZ—q)2+mf =0

The solution of last equation is:

. —b+.b2—4ac
1,2 2a

where:

a=4(—E!+cE’—2Em —m’)
b = 4¢cE, (M’ —m’ +2Em +m’)

C=4Evzm§ _I_4_Evmp(me2 —mj +m§)+(mf —mn2 —I—mi)2 —

—4m;(E; +2Em +m’)



The discriminante of equation is :
D =16C°E} (M’ —m? + 2E,m, +m’) —16(~E? + C’E} —2Em, —m?)x
x(4EV2m§ +4Em (M7 —m’ +m?)+(m’ —m? +m?) —4m?(E? - 2E,m, + mi))
Roots of equation is :
(—4cE, (m; —m? + 2Em_+m;))+~/D
8(—E’+C’E}-2Em —m’)
(—4cE, (m? —m? +2Em, +m?))-~/D
8(—E’+C’E’—2Em —m’)

0, =

d, =
As see
d=a(E,.c)

We will look for solutions in which the discriminant is greater from zero and the roots
are non-negative.
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Fig. 3 shows the dependence of the electron impulse on the cosi (scattering angle) at
the energy E=2 Gev (left) and E=20 Gev (right) of the neutrino.

As see at small scattering angles of the electron, its impulse is greater. The impulse of
the electron increases quadratically with decreasing scattering angle.



Using the Lagrangian of the transition we obtain for dI'":

dr:27zx dcosd qr

29°2r° ‘xrO +x9° +0°

E‘C‘

For effective cross section :

do  k|M[ dr

Q" (2] ae

Where Q is the square of the transmitted impulse

Q' =~(k—K)
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