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Are Q? vs. Q* __really equivalent?

The impulse approximation

Proposal of new variables

Summary
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Discrepancy between data
and the RFG model
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Low-Q? problem: K2K

|1m

R. Gran et al. (K2K Collab.),
PRD 74, 052002 (2006)

M, = 1.20 £ 0.09 GeV

1.2 1.4 1.6
K2K-I one-track Q2 (GeV/c:)2
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Low-Q? problem MiniBooNE

|1m

A. A. Aguilar-Arevalo et al. (MiniBooNE
Collab.), PRL 100, 032301 (2008)
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M,=1.21 + 0.24 GeV
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Low-Q? problem SciBooNE

K. Hiraide et al. (SciBooNE Collab.),
PRD 78, 112004 (2008)
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Introduction 4
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In neutrino physics many complications result from
non-monoenergetic beams and the necessity for

reconstruction of the probe's energy.
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Neutrino scattering off a free neutron

P

‘ QE scattering ‘

u

measurable kﬂ
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Neutrino scattering off a free neutron 1

What we know:

# the final state is only p and u

(E'n, _I_Ez/ o E,u,)z - (pn _I_ku o

# nis at rest

(M+Ev - Eu)2 -

@ Hence E = |k | may be calculated from the measured
vector kﬂ i.e. from |kﬂ| and muon production angle 6
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Neutrino scattering off a nucleus

p ‘ QE stattering ‘

u

measurable k”

unknown p and €
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Neutrino scattering off a nucleus i

What we know:

# the initial neutron (?) is bound and moves

(E, —e+E, —E,)" - (p, +k, —k,)* = M*

Approximations:
p,= 0 and constant &

E # B,
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. Q“and Q= 1

(kv - ku)Q o (E-v - Eu)g

Q" = —’mi + 2E,(E, — |k,|cos0)
@ Reconstructed @*

= —m; + 2E;°(E, — |k,|cos0)
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Reconstructed @2

@ |n scattering off nucleus the true Q2 cannot be

obtained (only |k | and 0 are measured)

@ When € = 0 the rec. Q?is equal to the true Q?

corresponding to the scattering off a free neutron

with the same muon kinematics

r . :
» In general case * __lacks physical meaning

but is useful as a quantity for data analysis r
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Q*vs. Q% for the MlnlBooNE qux i
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Are Q? vs. Q2 __really equivalent?
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Q? at the (w, |q|) plane

Conditions:
leptonic
hadronic

Constant Q:
== 0.807 GeV
— 0.607 GeV[:
—— 0407 GeV?

01 02 03 04 05 06 07 08
(Ge\f)
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2 ) : \
Q%vs. Q. forfixedienergy |

2C(vy, ) RFG. B, = 0.8 GeV’

reconstructed QQ —_
true Q% ----- —
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Q%vs. Q. forfixedienergy |

2C(vy, ) RFG. B, = 0.4 GeV’

retonbtructec QQ _
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Q%vs. Q. forfixedienergy |

SC ) RFG, E, =12 GeV

reconstructed QQ —_—
true QQ ----- ]

LIS
|_h' I|I

e R S R T e e S




Eﬁ'i $ 8 R AR MR TR UL 00 a4 BT i P ML, 0 VRN T2 l“wal‘ “i:*ﬂ
2
Q? _atithe (w |q|) plane lﬁf

Conditions:
leptonic
hadronic

Constant Q7 :
~—==0.506 GeV*> |
— 0.306 GeV2|:

—— 0.106 GeV?
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Q? at the (w, |q|) plane

Conditions:
leptonic
hadronic

Constant Q:
== 0.807 GeV
— 0.607 GeV[:
—— 0407 GeV?

01 02 03 04 05 06 07 08
(Ge\f)
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Why conclusions are model- mdependent?

The presented effects are related to the Jacobian
only, not to the specific (model-dependent) cross

section

[ 4EI@. G B0 E) = [ dE,ZS(E,)

dQI'eC dQ2
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Relation between Q? and Q°__is complicated and

iInvolves neutrino energy.

The Physics is relatively simple in terms of |q].

Using Q% makes the situation more difficult and

Q2 __ produces further complications.
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The impulse approximation
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The impulse approximation

The probe transferring momentum |q| sees the structures

of the size ~ 1/|q|
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The impulse approximation \i

The probe transferring momentum |q| sees the structures

of the size ~ 1/|q|
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Comparison of the of the nuclear response at saturation
density calculated using the IA and without it [O. Benhar

and N. Farina, Phys. Lett. B680, 305 (2009)] suggests
validity of the IA for |q| > 2k_
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Contribution of low-|q|'s to the QE x-section Vi
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Contribution of low-|q|'s to the QE x-section

Neutrino energy (GeV)
0.2 0.4 0.6 0.8 1.0 1.2 1.4

iq <300MeV/c  97.2% 189% 11.9% 10.1% 94%  9.1%  9.0%
iql <400 MeV/c 100.0% 433% 262% 21.6% 19.8% 19.1% 18.8%

Neutrino energy (GeV)

2.0 2.5 3.0 3.5 4.0 4.5 5.0

q| <300MeV/c  9.1% 92% 93% 93% 94% 94%  9.5%
q| <400MeV/c 18.8% 189% 19.1% 19.1% 193% 19.3% 19.4%
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Contribution of low-|q|'s to the QE x-section -

A.A., PoS (NUFACTO08) 118 (2008)

g < 300 MeV :
q| < 400 MeV ----- !
all |q|’'s — 1
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Cow-Q@* problem MiniBooNE

The RFG model with
M =1.25 GeV

fits the shape of
the Q%2> 0.25 GeV?
data
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Comparlson to the MiniBooNE's data fit
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SF. x1.12:
lq| > 0.45 GeV —
all |[q] —— |

~
—
-y
O

T~
=
-
-

L

-]
—

'04" 06 08
IE‘C (GeV2 )
AR R i T e




iﬁﬂ’.fl“i?‘.‘milﬁﬂlﬂlwm. RN IR R o R e LA R T D DL B SR R0 L8 | I T - T 0 8 lﬂlﬂmm!“
; &l !
b 5]

For low |g| one should not rely on the IA, as NN

correlations are important.

Neutrino QE cross section at low-Q? is changed
by these effects almost independently of
energy.
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New variables
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Proposal of new variables i

Instead of Q° __ one may analyze data using

5=FE,—|k'|cosb

1
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Proposal of new variables

Advantages:

2 model independent

2 involve only measured quantities

@ do not contain any assumptions regarding
dynamics, work well even for low energy

@ sensitive to the axial mass due to

koK Q% +m:
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Results for the MiniBoone flux: beta

SE, x1.12 — -
k-fit ——

S ~1 0

10° events /GeV
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The peak sensitive to
low-|q|, the tail to MA

01 02 03 04 05 06 07 08
B (GeV)
R E T T L T

4','
3
9 |
N
0




Eﬁ-.'i’.ﬂ".!’:ruf—lh‘ﬂﬂ'ﬂllllﬂ"li-i_ RN T LR G DRV oo TR i Bl I 1 s A L MR ik VAT lﬂlwma |I,Lil1i
n . HI'I
Results for the MiniBoone flux: ph|

Sy =] OO

The peak sensitive to
MA, the tail to low-|q]|

10* events-GeV
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Results for the MiniBoone flux: ph|

FG. M, = 1.23 GeV —
BE M, = 103GV —
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Summary

@ The true and reconstructed Q? are not equivalent
even when flux-averaged event distributions are

concerned

2 At low |g| the IA is not reliable as NN correlations
1 are significant. It affects QE cross section at any

neutrino energy.

@ The proposed variables may be useful in data

analysis. r
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Electron scattering: nuclear matter
NM(e, e'), 2 02 Ge\f Q L_} deg

i

D. Day et al.,

NM —

| S
—
&
<
v
1| =
3 | -]
1| —
o | P—
— |
—
3
1|~=
-\"“"x.
1| ©
e

|q] = 541 MeV

0.1
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| PRC 40, 1011 (1989) [
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Electron scattering: calcium and NM

350 MeV, 45.5°
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