CORRELATIONS IN QE-

(LIKE)NEUTRINO-
NUCLEUS SCATTERING




Detailed microscopic cross sections calculations for QE(-like) scattering
influence of long-range correlations

iInfluence of short-range correlations in 1- and 2-nucleon knockout processes
effect of relativity and comparison with RMF models

« Scheme-dependent separation
* Double counting
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Dip region : multinucleon mechanisms
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Starting point : mean-field nucleus with Hartree-

Fock single-particle wave functions

*Skyrme SKE2 force used to build the potential

*Pauli blocking
*binding
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Hartree-Fock single-
particle wave functions
(Skyrme)
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/ reaction plane
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Hadron current
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for NC reactions

Gg’ ¢ = (3 — sin? 6'W> 74 — sin? Oy,
GV.O _ l 2 0 . a2 8

wo = |5 osintbw (pp — i) T3 — sin” By (pp + o)

T3 1.262
GA‘U = g, — = —
945 7
for CC reactions

Ggﬁi = T4
GV'. —

v = (p—pa)T
GA* = g, 74 = —1.262 74

G=(1+ Q*/M 2)_2 Q? dependence : dipole parametrization
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2-nucleon knockout :
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SRC nn + np (initial pairs) Iy MEC nn + np (initial pairs)
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Figure 4.5: The 'EC!U;F._ 1~ Ny Ny) cross section (N, = p, Ny = p’, n) at €y, = 150 MeV,
€, = 550 MeV, 8, = 15° and T, = 50 MeV for in-plane kinematics. Left with SRCs, right
with MECs, the bottom plot shows the (#g, #;) regions with Pia < 300 MeV /c.
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Long-range correlations : Continuum
RPA

*Green’s function approach

*Skyrme SkE2 residual interaction

eself-consistent calculations

MEPA) (21 worw) = TO(zq,@0;w) + fd:r: /d::c IO (@1, zyw) Ve, o) DEPA (2! 29;w)

]
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* Final state interactions :

-taken into account through the calculations of the wave function of the outgoing nucleon in the (real)
nuclear potential generated using the Skyrme force

-influence of the spreading width of the particle states is implemented through a folding procedure
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*Regularization of the residual interaction :
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*Coulomb correction for the outgoing lepton in charged-current interactions :
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v Low energies : Fermi function
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v" High energies : modified effective momentum approximation (J. Engel, PRC57,2004 (1998))

Qe = q+1.5 (

q =121 [MeVic], Q* = 0.015 [(GeV/c))]

R

q =508 [MeV/c], Q% = 0.242 [(GeV/c)]

T T 1 | T T T ] T I I | | : :
E‘IUDD_— E=200MeV, 8=36"° ] I~ E = 560 MeV, 6 = 60° _|
s i 1 T 5 —
g IE 1 F ;e .
g 500 f{j 3 m - .7 \e s 4|

" ' F ] \ g ]
: 1( ‘ _ — '/ \ ingit
g ) Kf\q 1 L \. i
AT e ST s R I S R TR
K > % 200
o (MeV) w (MeV)

q =675 [MeVic], Q* = 0.408 [(GeV/c)’]

a =916 [MeV/c], Q* = 0.700 [(GeV/c)]

# | E=1108 MeV, 6=37.5° |
=

o 44— —
s | |
3

2L |
S fﬁ\,ﬁ"‘"""‘i
3L J \ i
L L - \ |
° _,/I N |

oLt | I
200 400 600
® (MeV)

NATALIE JACHOWICZ

||‘||I‘|||‘III‘|_
E=1501MeV, 8=37.5°
f f
__:;/' '\\
| ERENEER:
200 400 500 800
o (MeV)

=y

0.5

—hIII|III

E

Z'ahe )

Uil = (2 E.q) W .

((Z'.E.q) =

QessEery

Uncorrected
— MEMA

qFE

INT SEATTLE, DECEMBER 7, 2016



f(r12)

[f (F12)]*(fm®)

Log(Momentum distribution)

Mean-field

Fat tail: SRC!

2 3 p (fm_l)

1<j

(i, 5) = — ge(rij) + for(rij) (5i - ;) (T -

|| Shifting the complexity induced 4+ ft (7“' )
T\!1y

1| functions to the operators 1

~~

S (T T .
by correlations from the wave L] ( J J)f

1.2
08 L central
spin-isospin (x5) -—
0.4 -
tensor (x5)
0.0k~ v
.-'"’
-0.4 ' !
0 1 2 3 4
rig (fm)
10-2 | | i
1072 s 5
N =
10~4 '\ _
10 RRRRC
\ /. \"x ]
]_[}_6 [ L

|
200 400 600 800

fi‘lg ( [\-'IE‘V/C)

Gearheart (1994) Pieper (1992)

(T T2 | W) =

A A

jﬁﬁ’ ~ Z j;[l Z + Z ﬂl 111 Z j;[bl],in :

T ) = [7”()+nﬂ”()}ﬂ%j)




What kinematic region are we aiming at ?
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Folded cross sections supernova neutrino spectra :
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q ~ 372 [MeV/c], Q* ~ 0.134 [(GeV/c)?]

q ~ 447 [MeV/c], Q° ~ 0.190 [(GeV/c)?]
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* Good overall agreement with e-scattering data

P. Barreau et al., Nucl. Phys. A402, 515 (1983), J. S. O’Connell et al., Phys.
Rev. C35, 1063 (1987), R. M. Sealock et al., Phys. Rev. Lett.62, 1350
(1989).,D. S. Bagdasaryan et al., YERPHI-1077-40-88 (1988),D. B. Day et
al., Phys. Rev. C 48, 1849 (1993).,D. Zeller, DESY-F23-73-2 (1973).
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Start from :
* non-relativistic wave functions
* Non-relativistic description of the hadron dvnamics

K 1
uo__ 2N . YA T 2\ p 2\
Jt = F Q)" +1 Fy(Q*)o" q, + G a(Q7)Y!'vs + Gp(Q7)d" s
QMN 2MN
Retain only lowest order contributions in £
(@nli*lon) y M
-
'ﬁ,r (‘E") = jf:m.'a-'f-'r'f'f'fm. (‘E) + ']_:::.u._q'H.f-'f'a'zu.h'fm. (‘z)
: _‘r’i‘ b d J' ‘4- vl 0r B d — = - —
with E) = T ; Gp {5 (T — &) Vi — Vi 6 (& — ;)
1 A
T (@) = 537 Zl G X 30 (& — &)
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i@ = Y GG (F-7)
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WE) = py (7)) = Y G I(E - )

i=1

(v ; = o = 1 A vher = — e = — —

}4.(1’)::04({’) = IM i 2("4 Ty |:6(L_LH) \_’a_vig(l'_{'f)

Dow o = o g my, A MR - — -

= Jp (&) = pp (£) = 2;"1}_’;(”) V-3 6(&— &)
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Low eneroy excitations in CRPA calculations

*Relativistic corrections at higher energies (J. Jeschonnek and T. Donnelly, PRC57, 2438 (1998)):
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Shift :

A->AA+ 1) A= w/2My

* The outgoing nucleon obtains the correct relativistic momentum

p =+/T? + 2MT
» Shifts the QE peak to the right relativistic position
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Interactions :
Skyrme SKE2 : V(ri. /) = ftg [1 + IDF',:,} d(ry —12)
- —tl (V1= Vo) 6(7y = 75) + 6(71 — 72) (Vi — Va)?]
+ ztﬂ(ﬁl — %E ) 8(71 — 72) {?1 . ?E)

+ I'I‘F'} [?1 + ?g} . {%1 (ﬁ }i 5 T-_| — Tg ? — ﬁg]
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E=750 MeV

E=1000 MeV -

E=1500 MeV
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* Long- and short-range correlations in QE-like cross
sections

* CRPA calculations provide extra strength for forward
scattering arising from low-energy excitations

* This might affect CCQE neutrino cross sections as
measured by MiniBooNe and T2K

* SRC affect 1- and 2-nucleon knockout processes

* Relativistic corrections are under control for the
kinematics most relevant for MiniBooNe and T2K
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