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Valencia

From Wikipedia, the free encyclopedia

This article is about the city in Spain. For other uses, see Valencia (disambiguation).

is the capital of the autonomous community of Valencia and the third-largest city in Spain after Madrid and
Barcelona, with around 800,000 inhabitants in the administrative centre. Its urban area extends beyond the
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Introduction

B Valencia: IFIC (UV, CSIC)
B Oset, Vicente Vacas, Nieves...
M Interactions of particles with nucleons and nuclei
M E.g. with electroweak probes:
my®), WH ZN—= N, N 7,N 7, ..
M Incoherent (semi-)inclusive scattering in nuclei
M Coherent particle production
B Few-GeV/intermediate energy region: hadronic degrees of freedom
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Introduction

B Valencia: IFIC (UV, CSIC)
B Oset, Vicente Vacas, Nieves...
M Interactions of particles with nucleons and nuclei
M E.g. with electroweak probes:
my®), WH ZN—= N, N 7,N 7, ..
M Incoherent (semi-)inclusive scattering in nuclei
M Coherent particle production
B Few-GeV/intermediate energy region: hadronic degrees of freedom

M First application to neutrino interactions:

Quasielastic neutrino (anti-neutrino) reactions in nuclei and the axial vector
form-factor of the nucleon

S. K. Singh, E. Oset, NPA542 (1992)
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Elementary processes

B QE scattering

CCQE V(k‘) + n(p) — ™ k/) —|—p(p/) \\/
(k) +pp) — UT(E)+n(p) R

NCE: v(k)+ N(p) — v(K)+ N(p') |

sk) + N(p) — o)+ N@) 7 A

G g cosbc
M = [*J,

V2

_ ' q

Jo = u(p) [7aF) + QMUaﬁqBFQ + Vs Fa + ]\275}713 u(p)

V __ p . :
B Vector form factors: 12 = Fis — Fis ISosSpin symmetry
B Axial form factors:

2M*

FA(@) = 0aF (@), Fr(@) = oy pa Fal@), @ =~ > 0
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®m g, : lower than exp. values have been recurrently obtained
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B Recent progress:
M improved algorithms for a careful treatement of excited states
® low pion masses
M A per-cent-level determination of the nucleon axial coupling from QCD
Chang et al., Nature 558 (2018)
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B Recent progress:

Alexandrou et al., PRD 96 (2017)
Capitani et al., arXiv:1705.06186
Gupta et al., PRD 96 (2017)

B Baryon ChPT analysis: Yao, LAR, Vicente Vacas, PRD 96 (2017)
B O(p3), Q2 < 0.36 GeV?, 130 MeV < M_ < 473 MeV, explicit A(1232)
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m g, = 1.237(74) , <r,2> = 0.263(38) fm?
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Elementary processes

. /
B Veson production: Y1 N = IN" 7T g talk on Monday
vy N — [N’ Alam, LAR, Vicente Vacas, in preparation

B NC photon emission: Y1 N = vy N'  \wang, LAR, Nieves, PRC89 (2014)
Z Y

Z
N N A N |\/ NA N
N*(1440) N*(1440)

N*(1520) N:(fgo)
N*(1535) N*(1535)

B \Weak vector and EM N, N-A and N-N* form factors extracted from
electron scattering experiments
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Elementary processes

. /
B Veson production: Y1 N = IN" 7T g talk on Monday
vy N — [N’ Alam, LAR, Vicente Vacas, in preparation

B NC photon emission: Y1 N = vy N'  \wang, LAR, Nieves, PRC89 (2014)
/ Y

Z
N N A N |\/ NA N
N*(1440) N*(1440)

N*(1520) N:(1520)
N*(1535) N*(1535)

B Weak axial N, N-A and N-N" form factors:

B (off-)diagonal Goldberger-Treiman relations for leading couplings
M g2 dependence: dipole
B N-A : consistent with Yu d— p~ P T ANL,BNL data
B N-N": estimated (M, = 1 GeV)
L. Alvarez-Ruso, IFIC

ECT* 2019




Weak pion production in BChPT

B Yao, LAR, Hiller, Vicente Vacas, PRD 98 (2018);

Yao, LAR, Vicente Vacas, arXiv:1901.00773, PLB (2019)
First comprehensive study in ChPT

O(p?) in EOMS regularization scheme
Explicit A(1232), in the §-counting: 6 = m, — my ~ O(p*?)
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Weak pion production in BChPT

B Yao, LAR, Hiller, Vicente Vacas, PRD 98 (2018);

Yao, LAR, Vicente Vacas, arXiv:1901.00773, PLB (2019)

First comprehensive study in ChPT

(10 —40 [‘.11’12]

Uz'run—ﬂr bnmw

Explicit A(1232), in the é-counting: § = m, — my ~ O(p¥?)
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B O(p3) in EOMS regularization scheme
]

B Valid only close to threshold

B Benchmark for phenomenological models
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Weak pion production in BChPT

B Yao, LAR, Hiller, Vicente Vacas, PRD 98 (2018);
Yao, LAR, Vicente Vacas, arXiv:1901.00773, PLB (2019)

First comprehensive study in ChPT
B O(p3) in EOMS regularization scheme
B Explicit A(1232), in the §-counting: § = m, — my ~ O(p*?)

B |ECs:
W 22 in total (CC case)
B 7 unknown (but not very relevant)
M 4 of them can be extracted from pion electroproduction

B information about remaining 3 LEC could be obtained from new close-
to-threshold measurements of v-induced 7 production on protons
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Elementary processes

B Strangeness production
m AS=1
) [~ K+ o .
B Kaon: V[P — D Alam, Ruiz Simo, Athar, Vicente Vacas,
- PRD82 (2010)
vn — 1T K%
vn — [T K'tn

B Background for proton decay p — v K*
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Elementary processes

B Strangeness production

m AS=-1:
B Hyperon

vp —

vy —

It x0(A)
DY

M Additional source of pions:

B antiKaon: v; p
v p
Ui n
m) T U1 p
VI p
v p

%

1

L4l

T K p
ITK%n
T K™ n
l—l—z()ﬂ_o
AR o
D

< Asia’s talk on Tue

Alam, Ruiz Simo, Athar, Vicente Vacas,
PRD85 (2012)
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Elementary processes

B Strangeness production

aip—=1ltYw

B Ren, Oset, LAR, Vicente Vacas, PRC91 (2015)

P (a) B ! (b) B ! (c) B

M T: Solution of the Bethe-Salpeter eq. in coupled channels

T=V4+VGT=[1-VG]" 'V

B V: from leading order chiral Lagrangian
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Elementary processes

B Strangeness production

aip—=1ltYw

B Ren, Oset, LAR, Vicente Vacas, PRC91 (2015)

B A(1405) dynamically generated
B Two poles:
B M~ 1385 MeV, '~ 150 MeV
B M~ 1420 MeV, '~ 40 MeV

do/dM.,, 1107 em®/GeV]
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Incoherent scattering on nuclel

B Many-body framework in infinite nuclear matter
B = finite nuclei: local density approximation p, (r)

¢ cannot describe w~10s MeV, shell effects, giant resonances
(only accounts for their average strenght)

= simplicity

relativistic (in principle)

< applicable for any nucleus with A 2> 12C with theoretically or
experimentally known p, ,(r)

< applicable for incoherent (inclusive in the excited states of the
residual target) processes

Ve
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—A scattering

M [nclusive cross section per unit volume
(well defined for an extended system)

L -
d ( do >: G IRy

d3r \ dkldQ(k') (2m)? ko

Wl = Wal +iw e’

1
Wh = = Im I

(s.0) = "7 M (s,)

M Polarization propagator:

B

W.Z e W.Z W.Z & — W.Z wz | wz w.zZ S wz
/“\,_f\(:_____)\—/xu — %{};M + ’“‘u.f\_/<___+__:>/\_/x_, + "'_“m_f\/(;__-‘___)\_/'\\_, —|— I
(a) (b) ©
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Polarization propagator

1

(0% (8%
WP = = ImI*”

(s,a) T (S,CL)

T

m - , .

a2 = M""{_} S+ Yo R W Ty
—_— —— () - ——— ———
(a) (b) (c)

B Cutkosky rules:
W,Z W2z } w7z W, Z __

B Free nucleon propagator:

D(p) = @+ M)Go(p)
Go(p) = PO ]\142 e + 27mid(p* — M?)O(p°)n(p)

n(p)8(p°) L 1- n(p)6(p°)
p2 — M? —ide  p?— M? +ie

~ 1 [ ), _1-n() ]

PO+ E,—ie |[p — E, —ie pY— E,+ e
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Polarization propagator

1
WP = = ImI*”
(s,0) — (5,0)
P
0
Mk o =R T R+ RICT R RT

(@) (b) (©

B Cutkosky rules:

Im [@] =Y T M
B Free nucleon propagator:
D(p) = (p+ M)Go(p)

Go(p) 2 % 1 ic + 2mid (p? — M?)0(p°)n(p)

1/3
a(pyr) = 0pe(r) =) pr(r) = | 37 (r)

W,Z W, 7
f\/\©\f\/ & Relativistic Local Fermi Gas
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Local Fermi Gas

B Contains, through p(r), empirical information about the ground state
absent in the Relativistic Global Fermi Gas

— Local Fermi Gas m
— Global Fermi Gas
— Convolution approach

0.1

p’ n(p)/A [fm]

0.08
0.06

0.041 Convolution model:

Ciofi degli Atti, Simula, PRC 53 (1996)

0.02
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Polarization propagator

1

af - af
Wisay = —7 Tl
D
I1
W.Z —— wz _ |wz O Wz \:Efj | _——— | W.Z ‘E’ff f—— W.Z
’_\\__/'\_/<:___d_>/v\u = ’\f\,({(;))__‘//\/-\, -+ \J<‘—-(-;}——“>\_/w —+ \/C:___-(:;___)\_/w + ...
B Full nucleon propagator:
D(p) = @+ M)G(p)
1 a o°
Glp) = . / Anw.D) g, +/ AplrD) g,
P+ E, —ie | J_oo P° —w —ie , PV —w e

p? =pp+ M? + ReZ(u, pr)
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Polarization propagator

——
W.Z e W.Z W.Z s — W.Z wz | Wz w.zZ S wz
ﬁu\(’__f O~ = r\f\({_} o~ W m_,\(x_*__f),xﬂv + qf\/(_+__ oD+

@ (b) ()

o d4 o
Imﬂ(ja):—zwzf SH® Ay(p+ ) An(p)

(27T)4 (S,CL)
1 ImY(p)
Ap.n(p) = - [(p2 — M2 — ReX(p)]? + [ImX(p)]?
[ =y"Fy + ch“”q Fy = "ysFa - q_M%FP
oM~ M

H? =T | (p+ M)+ (1)1 (8'+ M) T7) .
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Nucleon selfenergy

B Fernandez de Cordoba, Oset, PRC46 (1992)

B Semiphenomenological approach
B Non-relativistic
M Effective NN potential derived from experimental NN cross section
B Medium-polarization corrections

Sobczyk, Rocco, Lovato, Nieves, PRC97 (2018)

B Rel obtained from ImX' using dispersion relations

B+ Hartree term
B+ pheno Cp with C fixed from binding energy
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A selfenergy

B Oset, Salcedo, NPA468 (1987)
B Many body calculation of A selfenergy in the medium

+ 1::0 + + /A

B Free width A — N 7 modified by Pauli blocking

B ImY, (p): in-medium broadening: <AN — NN
*AN—=NN=R
*ANN—=NNN

B ReX, (p) = -50 MeV p/p,

1 My — MA—I—RGEA(,O)
p2 —mA + imala(p?) A = Tal(p) —2ImEa(p)
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)y ®x
= O 4 D+ OO

B RPA equation (schematically):
IIrpa = 1l + 11 VIIRpaA

V=V(p) «+ effective, density dependent, NN interaction
VN = Tite0io3[Gid; Vi (q) + (8i5 — Gid;)Vr(q)] + 9615 + f'AiTe + fL 1o

2 —
VL:fJZVNW (Ai_mi) T +4g
mz AZ—q* ) ¢ —m2

2
2 2 S
VT_ f]2VN7r C <Ap_mp> q2 +g/
= p
m2 A2 —¢? q* —m3
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Poor man’s RPA

H p
\Y% n
= e 4 OO e OOt
B RPA equation (schematically):
IIrpa = 1l + 11 VIIRpaA

V=V(p) «+ effective, density dependent, NN interaction

B Non-relativistic analytic solution: new p—dependent terms of the
hadron tensor.

B Incorporates explicitly 7 and p exchange and A-hole states

B Describes correctly 1 capture on *°C and LSND CCQE

Nieves, Amaro, Valverde, PRC 70 (2004) 055503
Nieves, Sobczyk, Annals Phys. 383 (2017)
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Photon emission in NC interactions
m V() A—v)y X

B 1plhly excitations:

N
B In-medium A(1232)

Wang, LAR, Nieves, PRC89 (2014)
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Photon emission in NC interactions

] V(V) A — V(V) X 1ok Antineutrino ;
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Aguilar-Arevalo et al., PRL110 (2013) 161801
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Photon emission in NC interactions
m V() A—v)y X

B 1plhly excitations:

'Y i
T
N |
B In-medium A(1232) E. Wang, LAR, J. Nieves, PLB 740 (2015)
30 T T T T T T 12 T T T T
] 1 68% CL 1 68% CL
24 | our model | | 0 F our model
g —— no N g 8 e & | es—sssess——. no N
ST - I R MB g st L MB
g v-mode E 6 v-mode
e 12y 2
w e w4
6 r 1 2 |
0 ! ! ""'r'".'m 0 1 ! i T
0.2 04 06 08 1 12 14 02 04 06 08 1 12 14
E9Gev) EJHGeV)
v A

B NCy :insufficient to explain the excess of e-like events at MiniBooNE
B NCy:under analysis @ MicroBooNE
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Electron scattering

B Inclusive *?C(e,e’)X in the QE region

E=FRD MaY, 8=50" E=370 Ma¥, 8=50°
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Nieves, Sobczyk, Annals Phys. 383 (2017)
B “RPA effects in integrated decay rates or cross sections become
significantly smaller when SF corrections are also taken into account (...)”

L. Alvarez-Ruso, IFIC ECT* 2019




Electron inclusive scattering

d’s/a0dE (nb/sr)*MeV™

B Gil, Nieves, Oset, NPA627 (1999)
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CCQE-like scattering
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Weak coherent reactions

B Coherent = final nucleus remains in the ground state

B Charged Current coherent particle production

VZA%Z_ A
ﬂlA%l_i_ A

B Neutral Current coherent particle production

vVA— v A
vA— v A

=Y, T e
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Weak coherent reactions

G
® Amplitude: M ~ —1[,J"

V2

M Nuclear current:

=3 [dretTo () ST [ark, u] G

i T=p,n
1=all mechanisms

B Prescription for nucleon momenta:

T T - q
p=<\/M2+;L(qw<i)2, - ) P =q-¢ytp= (\/M2+Z(QW®27 -

B Momentum equally shared by initial and final nucleons
B Meson distortion:

(—62 — Py + QwKVOpt> ot = 0+ Klein-Gordon equation
PK Pout (PK,T) — 1V dgu (DK, T)
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Weak coherent reactions

12 :' \ vp+1ZC—> wHr'+°C at 1 GeV-
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Conclusion

Visit VValencia for work:
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