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Plan of the talk

o Introduction
What is the Siegert's theorem, general considerations, ...

o Empirical parametrizations of the data
transition amplitudes: v*N — R
R = N(1535)17, N(1520)3 7, A(1232) 3"

@ Parametrization for very large Q? (pQCD behavior)

@ Summary and conclusions
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What is the Siegert's theorem 7

o Siegert’s theorem: v*N — R transition

AJ Buchmann et al, PRC 58, 2478 (1998); Drechsel et al, EJPA 34, 69 (2007)
The electric amplitude E (4« transverse amplitudes) and the scalar

amplitude S (oc Sy /2) are related at the pseudo-threshold (|q| — 0) by

FE iS,
1

(la| = photon momentum, w = photon energy)

Pseudo-threshold:

Limit where the nucleon and the resonance are at rest

R rest frame: (M = nucleon mass, Mg = resonances mass)

Py = (En,0,0,—|q|), Pr = (Mg,0,0,0), thus ¢ = (w,0,0,]|q])
In general: w = Mpr — En, Exn = /M? 4+ |q|?

PT limit: |q| =0, Ex — M = nucleon and R at rest

o At the PT: Q% = —(Mpg — ]W)2 < 0, timelike region
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-T transition form factors at low Q2 “

empirical fits MAID2007

- Siegert Theorem (long-wavelength limit)

problem with S11
violation of LWL ?

o388

S

" i D,(1520) Fo(1680) 1

" S 1 " " L "
-05 0.0 05 10 -05 00 0.5 10
Q* (Gev?) Q* (Gevh)

Lothar Tiator: Nucleon Resonances: From Photoproduction to High Photon Virtualities,
Trento, Italy, October 2015
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Example: 7*N — A(1232) MAID2007

Siegert's theorem (usual form):

Eiy (%Asp - A1/2>

w
o

N

o
3
S1 /2 o 20 D
E1+:\/§<MR_M)77 \8_,15; E
|al 8 y
33107 / e S, daa
Test 51/ o< Fy11|q g4 S,
< — —-E_qin
A =V2(Mp — M) ‘ 1

$2°0 02 04 06 08 1 12
@ Why are the electric and the scalar amplitudes correlated

at the pseudo-threshold ? 2=Q%y=—(Mr— M)?
o ..

consequence of the structure of the transition current:
Jones and Scadron, Ann. Phy. 81, 1 (1973); Devenish et al, PRD 14, 3063 (1976)

Mp— M

Gp(Qps) = WGC(Q%’S)
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v*N — N* transition amplitudes — notation

JH = (p, J) define multipole amplitudes (S;+, M+, E+, L)
[ is the angular momentum of the meson in the decay R — R'm

Devenish et al, PRD 14, 3063 (1976); Drechsel, Kamalov and Tiator, EPJA 34, 69 (2007)

N( ) Si_ - M
N(% So+  Eo+ -
NGO T
N(T) S B My

ST is not applicable to the N <%+> (Roper, N(1710))
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Structure of the transition amplitudes

N(1535)%" N(1520)3" A(1232)37
Siegert A1/2 = 2bF} Ey_ = O(l) by = (’)(\q\)
Sip = V2l Fr Sip=0(d)  Sip=0(q)
My— =0O(la|*) My =0(1)
~ S E S
h=00) sPee = Ao af = e
Arp = 75432
MAID Ay =0(1) Ey =0(1)  Eir=0(q|)
51/2 =0(1) 51/2 =0(1) 51/2 = O(‘QP)
My, =0(Q1) My =0()

Ayjp # ﬁAg/z
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v*N — N(1535)5

v*N — N(1535)1
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V*N — N(1535)3 A= vZ(Mg— M)

@ From the analysis of the transition current — singularity-free FF
Devenish et al, PRD 14, 3063 (1976)

m "
v _ [ ;L_qq F 107 qu
I 1(7 2 ) T e M

we obtain the relation (E o< Ayp):  Ajjp = )\%

@ Consistent with the multipole analysis at PT (|q| — 0)
JD Bjorken and JD Walecka, Ann. Phys. 38, 35 (1966); Devenish et al, PRD 14, 3063 (1976); D Drechsel, SS Kamalov
and L Tiator, EPJA 34, 69 (2007)

A1/2 = 0(1), 51/2 = O(|dl)
@ Current conservation: Fy=F +nF, n= %’;;%
51/2 X F1|Q\

S1/2 — 0 at PT: Orthogonality between N and R

9 / 40
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v*N — N(1535)5 — Amplitudes

2 /02 2
R rest frame b = ¢ m, Qi=Mr£tM)*+@Q? |dl = 2621\}3_

A1/2(Q2) = 2bF1(Q2),

S12(Q%) = —ﬁb<MR—M>‘5‘2’><
52y 4M12?,’q’2 2
1@ - gy (@)

o If |q|?Fy/Fy — 0:

Ajjp = 2bF7, Sij2 = \/ibMIL‘l_'Mﬁ’l
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v*N — N(1535)5 — Amplitudes

2 /02 2
R rest frame b = ¢ m, Qi=Mr£tM)*+@Q? |dl = 2621\}3_

A1/2(Q2) = 2bF1(Q2),

S12(Q%) = —ﬁb<MR—M>‘5‘2’><
52y 4M12?,’q’2 2
1@ - gy (@)

o If |q|?Fy/Fy — 0:

Ajjp = 2bF7, Sij2 = \/ibMIL‘l_'Mﬁ’l

@ Equivalent to Siegert's theorem if A; /5 o FL=0(1)
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v*N — N(1535)5 — Amplitudes

2 /02 2
R rest frame b = ¢ m, Qi=Mr£tM)*+@Q? |dl = 2621\}3_

A1/2(Q2) = 2bF1(Q2),

S12(Q%) = —ﬁb<MR—M>‘5‘2’><
52y 4M12?,’q’2 2
1@ - gy (@)

o If |q|?Fy/Fy — 0:

Ajjp = 2bF7, Sij2 = \/ibMIL‘l_'Mﬁ’l

@ Equivalent to Siegert's theorem if A; /5 o FL=0(1)
e MAID2007: |q|*F% o 1/]q Fy oc 1/|q? [S1/2 = O(1)]
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v*N — N(1535); - Form factors 5= =i

Mp+M
Write form factors in terms of R = A, ; — )\% (R —0atPT)
1 (Mg — M)2Q2 S1/
Fo= R RR gy \2U2
T ow e | N
1 51/2
oo 2T |
1 (Mg —M)*Q% S1/2
F = _ A — _—
T T o [
1 81/2
laf -

Note that F}, = F| + nky = Ay /o/(2b)
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Mp—M

Write form factors in terms of R = A, ; — )\% (R — 0 at PT)
1 (Mr— M)*Q% S1/2
o= TR R\
' % P |V
1 S1/2
S Ay, =222
+2b{ 1/2 ql }7
1 (MR—M)QQi 51/2
F = _—— A — —_—
T Tw T ager [ a
1 S
2 |q|

Note that [} = F\ + nF, = A;5/(2b)
o Siegert’s theorem: R = O(|q|?), Fi,—nF; = O(1)
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Mp—M

Write form factors in terms of R = A, ; — )\% (R — 0 at PT)
1 (Mr— M)*Q% S1/2
o= TR R\
' % P |V
1 S1/2
S Ay, =222
+2b{ 1/2 ql }7
1 (MR—M)QQi 51/2
F = _—— A — —_—
T Tw T ager [ a
1 S
2 |q|

Note that [} = F\ + nF, = A;5/(2b)

o Siegert’s theorem: R = O(|q|?), Fi,—nF; = O(1)
Why not R = O(|q]) ?
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Mp—M

Write form factors in terms of R = A, ; — )\% (R — 0 at PT)
1 (Mr— M)*Q% S1/2
o= TR R\
' % P |V
1 S1/2
S Ay, =222
+2b{ 1/2 ql }7
1 (MR—M)QQi 51/2
F = _—— A — —_—
T Tw T ager [ a
1 S
2 |q|

Note that [} = F\ + nF, = A;5/(2b)

o Siegert’s theorem: R = O(|q|?), Fi,—nF; = O(1)
Why not R = O(|q]) ?

2

. s . . .
Because if A /s, ITT(\ are function of 2, there is no term in |q| on R
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v*N — N(1535); - Form factors 5= =i

Mp+M

Write form factors in terms of R = A, ; — )\% (R —0atPT)
1 (Mg —M)*Q% S1/2
F = _— A — =
T ow e | N
1 51/2
oo 2T |
1 (Mg —M)*Q% S1/2
F = _ A — _—
T T o [
1 5'1/2
laf -

Note that F}, = F| + nky = Ay /o/(2b)

o Siegert’s theorem: R = O(|q|?), Fi,—nF; = O(1)
Why not R = O(|q]) ?

. Sy . . .
Because if A /s, Il—/‘z are function of 2, there is no term in |q| on R
dF 4M3|q

m m sz (flnlte dQQ)
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v*N — N(1535)5 — MAID-SG

100 N :
Lo — == MAID2007 10
807: —— MAID-SG 3

o L, a1

oy 0

> r > [

8 60: 8 ::

2 aolf! Q-0

S Ff S [

<l
T e e M e e S

2
Q° (Gev? Q@ (Gev?)

Improved MAID-type parametrizations (51,5 = O(|q|)); ST — s

_ 2MR|CI‘ /

Aijp =ao (14 a1Q%) e 1@ Siy2 = 730 (1+51Q%+5Q") e
+
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v*N — N(1535)5 — MAID-SG

1007‘[‘ LA L SN S B
Lo — == MAID2007
gol | —— MAID-SG
8 [ 1T
E Loy S
5w
) [ ?
2 a0lfi =)
s [ g
< 20 @
0 \(l)\ Il Il I Il Il

B
Q° (Gev? Q (Gev?

@ MAID-SG (Siegert) close to MAID2007 for Q% > 1.5 GeV?

o Differences for low 2, main difference for Q? < 0 (see inflection)
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v*N — N(1535)5 — MAID2007 (optional)

Amplitudes [10° Gev ™}

|
N

8

N
o

N
(=]

\o\\

—
/)

N / E - S]JZ
i ——-lalAy, A

AN

L i
~
N
AN
i S~

L i L P | L L

.5 0 0.5 1 15 2

Q (Gev?)
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v*N — N(1535)5 — MAID-SG — Form factors

1T :
A
\ 1 —_—F
. -=-F
%) \ i F, +nF,
gos- W\ .
Y
e | el
0 e T el S
e
Lo
: P 1 1
05 0 05 1 15 2
Q" (Gev)

@ Check that Fy, —nF5 are finite at PT

2 g2
@ Fy neglegible for large Q?: Sijp=— V}ET%AUQ

GR and K Tsushima, PRD 84, 051301 (2011); GR, D Jido and K Tsushima, PRD 85, 093014 (2012)
balence between valence quark and meson cloud effects
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v*N — N(1535)5 — MAID-SG - Conclusions

L] T T T T 1 T T
100t ——— MAID2007 i AN
Vi — MAID-SG J FoN : ——F
— M ] Lo -——-5
:“> 0 N ] g i \\i F,+nF, ]
8 48‘0.5 N
o ! c o N
g 10 E [ O~
EE £ | sl
W o0 | oF-- " AT e N
: Pl
! LS
_30 { L L Il L L ] { L L L
0 1 2 3 4 5 6 -0.5 0 0.5 1 15 2
Q° (Gev) Q° (Gev)

@ MAID-SG: parametrization consistent with the Siegert’s theorem
and with the data (5, = O(|q]))

@ Form factors free of kinematic singularities at PT
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YN N (3)

@ v*N — N(1520) transition form factors
@ v*N — A(1232) transition form factors
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* x(3E
7N = N*(37)

Transition current (u, = Rarita-Schwinger; u = Dirac)
Jvr = (BIJ"IN) =ua(p)T (0. p)u(p)
L% = [Gig™v" + 5G2q*(Pr + Pn)" + G3¢®¢" ] 1p + ...

1 p operator parity-deppendent 1, =5, 1_ =1
Scalar amplitude (using current conservation) (J%) = (S, = +1|J°|S. = +1)

2T _ M?2Z — M?
Sij2 = 7<J0> x GE (azl pu)|ql, K = }STR

Géj form factor deppendent of the parity P = +

(2 if P=+
Tl i P=—

Notation: Conversion between Amplitudes and Form Factors (P = +)

51/2 X G§|Q|”,

1 2M  [MMgpK

F.=-
T eMpEM\ Q2
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=V2(Mg — M)

Devenish et al, PRD 14, 3063 (1976) — G; (i = 1,2, 3) free of singularities at PT

AMgr|q|?
GM = *ZRﬁGla
JF
4ME|q|? ( )]
Gp = —Zgr|4(Mgr— M)Gs——E2 [ 2L 4 4G,
E R[( R ) 5 Q+ Mp
4M2 2
Goe = —Zg [4MRG5+fg|q|(G2—2G3)],
Q1
Gs = Gy + = (M MGy + (Ma+ M)Gs,  Zp=——M
1 R 2 R 39 R \/EMR - M
o Limit PT: Gy = (’)(|q| ), Gg =—4(Mp — M)ZrGs, Go = — 4MRrG5
Mg

Gg = ]V[R’ Geo

@ Amplitudes: Gg = F_Fy_, Go = %\/ﬁF,Sl/Q, Fooox1/4/Q%

S
%EQ_ =\ ‘;/‘2 My x (A1/2 - %A3/2> S |CI‘2
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0 ]
1.5 : G
50 2 ! — — G| A
100 5 e S R
Q@ (Gev?) Q@ (Gev?)

Jlab-SG parametrization (fit to Jlab data): D = K/1/Q3% ST — by, co

Aijs = Dag(1+ a1Q* + a2Q* + a3Q0)e” 4@,
Az = Dbo(1+ b1Q? + bsQ* + b3Q%)e 119"
ql

S1/2 = |?(10(1 +c1Q* + Q* + C3Q6>€_C4Q2,

V. Mokeev: https://userweb.jlab.org/~mokeev/resonance_electrocouplings/
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https://userweb.jlab.org/~mokeev/resonance_electrocouplings/

KR
(=]
o

5 -1 | | \2 |

Q@ (Gev) Q@ (Gev)

Jlab-SG parametrization (fit to Jlab data): D = K/1/Q3% ST — by, co
Ajjp = Dag(1 4 a1Q* + a2Q* + asQG)e—sz,
Agjo = Dbo(1 4+ 01Q? + 02Q* + b3Q%)e 1@,

51/2 = %Cg(l + 01Q2 + CQQ4 + C3Q6)€_C4Q2,

V. Mokeev: https://userweb.jlab.org/~mokeev/resonance_electrocouplings/
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https://userweb.jlab.org/~mokeev/resonance_electrocouplings/

-3 -1/
S,,[10° Gev™

3 4

1

2
Q@ (Gev) Q (GevH

JIab-SG parametrization (fit to Jlab data): D = K/\/@ ST — by, o
A1/2 = Dao(l + a1Q2 + a2Q4 4 asQﬁ)e_a‘lQ?,
A3/2 = Db()(l + b1Q2 + b2Q4 + ngG)e_b‘le,

Sij2 = %60(1 +e1Q% + Q' + c3Q%) e,

V. Mokeev: https://userweb. jlab.org/~mokeev/resonance_electrocouplings/
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https://userweb.jlab.org/~mokeev/resonance_electrocouplings/

JIab-SG (3)

-3 -1/2.
s,,[10° Gev™

R

3 4

2
Q (Gevh Q (GevH)

@ JIab-SG: Ay /y = O(1), Azjo = O(1), S1/2 = O(|q])
Jlab-SG: My = O(|q|?), E>— = O(1), S1/2 = O(|q])
(MAID2007: M- = O(1), Eo— = O(1), S, /5 = O(1))

e At PT: Gy = O(|q|?) = finite slope

S1/2 = O(|a|) = infinite slope ( dE o L dF)
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— Summary

0.4
N@ -0.2
=
o -03
04
i R i L I I
05— I 7 3 2 2577 1 2 3 4
Q (Gev) Q* (Gev?)

@ Jlab-SG gives a good description of the data (Siegert's theorem)

@ Not discussed here: differences between MAID and Jlab analysis
Different behavior for Q% > 1.5 GeV? PRD 93, 113012 (2016)

@ Jlab-SG and MAID-SG: almost the same behavior for Q? < 0
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200
R g7 1500
".’S ‘7’9 5ok
7 7 o\
L
& Z 1007
193
A
S1j2 # | Ea—/(2)) Ayjg # %
Az o
My #0 My o (Arp — —75
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A =+2(Mg — M)

Devenish et al, PRD 14, 3063 (1976); Jones and Scadron, Ann. Phy. 81, 1 (1973)
G; (i =1,2,3) free of singularities at PT

[ 4M3|q? [ G
Gy = Zn|(Mp—M)Gs +4MGs + % (2]\41}_5 —Gg)] ,
[ 4]\42|q|2
= Zp|(Mp—M R
GE R_( R VG5 — Qg <2MR )},
[ 4M2 2
Go = Zp |2MpGs+ Q'q' ( G — Gs)],
L +
2M
Gs =G M M)G Mp — M)G- Ip=—"
1+2( r+ M)Gy + (Mg )G, R S(Mp + M)

o Limit PT: Gy = O( ) Gg = (AfR — ]\/f)ZRG5, Go = 2MpG5
Gp = MR GC [Jones and Scadron (1973)]

B\2F, Sy /2, Fy o< 1/|q

o Amplitudes: Gg = F+E1+, Ge =

Eiy )\51/2
al lal?

Iql

Gilberto Ramalho (IIP/UFRN, Natal, Brazil) Empirical parametrizations ... Kyoto, July 26, 2016 26 / 40



A =+2(Mg — M)

1T T T 02 T T T
i e Gdata i e Gdata
i s KG.data i s KGgdata
| -—-% :
0.2 \! K G B
ol | MAID2007 |
M
0% 05 1 15 2 0% 05 1 15 2
Q* (Gev?) Q’(Gev?
=K
M M M, M
IR — M R —
G — G Gg=———-2 G
E# oM c E oM p c
S E S
Ei, = A2H2 o 17/22
lal |al q
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‘ ; ; 02— ; ;
i e Gdata i e Gdata
i s KG.data K G, data
——-G
0.2+ K G B
od | MAID2007 i
M
0 (i) 05 1 15 2 15 2
Q’ (Gev?) Q’ (Gev?)
3.8\ 1/2
MAID-SG parametrization: Gp = (1+Q?/0.71)7%, Co = 2 (%If) /
Co 2 4 6y, —bsQ?
Gg = ?bo(l +01Q7 + 02Q” + 03Q")e Gp
Co2M
Go = fo KR(:O(l +Q* 4+ Q" + 03Q6)6704Q2GD,

co determined by ST (# MAID2007)
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— Summary

T T T 0.2 T I A
i 3 GE data i ° GE data
i m  KG.data i m  KGgdata
| ~log, |
0.2F \! K G B
ol | MAID2007 ]
BERN
O n i S S BT il Bl B il s
0 0.5 1 15 2 2
2 2 2 2
Q@) Q*(Gev?)

e MAID2007: E1 = O(lql), S12 = O(|q?), ...
but the Sierget's theorem is violated
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— Summary

T T L B 027 L B
: 3 GEdata H ° GEdata
i m  KG.data i m  KGgdata
i ——-G i
0.2 K G B
0.1- \1 MAID2007 i

15 2
Q*(Gev) Q*(Gev)

of
of
U.IA
[N

e MAID2007: E1 = O(lql), S12 = O(|q?), ...
but the Sierget's theorem is violated
@ MAID-SG: Sierget’'s theorem OK

Kyoto, July 26, 2016 29 / 40
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— Summary

T T L B 027 L B
: 3 GEdata H ° GEdata
i m  KG.data i m  KGgdata
i ——-G i
0.2 K G B
0.1- \1 MAID2007 i

15 2
Q*(Gev) Q*(Gev)

of
of
U.IA
[N

e MAID2007: E1 = O(lql), S12 = O(|q?), ...
but the Sierget's theorem is violated
@ MAID-SG: Sierget’'s theorem OK

@ smooth functions G, G¢o at low Q2

Kyoto, July 26, 2016
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— Summary

T T T 0.2 T I A
i 3 GE data i ° GE data
i m  KG.data i m  KGgdata
| ~log, |
0.2F \! K G B
ol | MAID2007 ]
BERN
O n i S S BT il Bl B il s
0 0.5 1 15 2 2
2 2 2 2
Q@) Q*(Gev?)

e MAID2007: E1 = O(lql), S12 = O(|q?), ...
but the Sierget's theorem is violated
@ MAID-SG: Sierget’'s theorem OK

@ smooth functions G, G¢o at low Q2
o dificult to obtain a parametrization consistent with high Q?
= Derive alternative parametrizations
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v*N — N* — Large Q?

Parametrizations of form factors compatible
with pQCD behavior (large Q?)

@ Start with MAID-type parametrization

1+ a1Q2
ag——— -

ean@Q?

G =ao(1+aQ?+..)e Ve =

@ Replace denominator by the truncated expansion of
the exponential series

aNQ 14+ CLNQ + aNQ4 M|aN Q2M
@ Then
a 1+CL1Q2+CL2Q4...+CLM1Q2M1 ~ 1
= qag —
1+ aNQ2 + %a?\[@él raN Q2M (QQ)M M
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v*N — A(1232) — Large (*

A1D2007
= MAID-SG1M

« D —— MAID-SG2M n=6
> >
& 8
o« o
E 2
. =

s ———- MAID2007 s

+« « MAID-SGIM

—— MAID-SG2M n=6

0 | L L L
109 2 4 6 8 10
Q*(Gev)

Graphs for M1y = Gy /Fy, 1/Fy < |q],

® MAID2007: G = ag ™G T+7Gp,  Gar ox 1@ /Q?
ar ~0.01 GeV~% 4_023 GeV 2

4 12
o MAID-SG2M: G = ap 2% *2*Q = +a 9 Gp,
1+l14Q2 Q4+ —+ 4Q12
a; ~0.01 GeV~2; a4 — a4 = 0.16 GeV_

@ (Q? <7 GeV?: MAID2007 ~ MAID-SG2M
Differences for very large Q2

GM 0,8 1/Q4

Gilberto Ramalho (IIP/UFRN, Natal, Brazil)
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lal G¢

v*N — A(1232): Ratios Rgy = — g, Rgy = — =52

0 0 ‘ ‘
— — MAID-SG1

ol al —— MAID-SG2| |
S g g |
Ts-4- b ~ !
jn} I I i
e ! 4 |
I — — MAID-SG1 120
-6F I —— MAID-SG2| - ;
1} !
Il -16F !

8 ; Il L L L } L Il L L

0 T2, 3 4 0 1 2 3 4

Q" (GeV) Q(Gev?H

Parametrization MAID-SG2 (no dipole Gp), G o< 1/Q* Ge o< 1/Q5:

- G0y 1+ 01Q% + Q" + b3Q°
PR U1 0007 + 102Q4 + 1036 + 1hAQ8 + 310
Co 2Mp 14+ ¢1Q% + Q" + c3Q°
Ge=— co

= 2 3 1 5 G
K K 1+ caQ? + SQ4 + SQ0 + 4Q5 + 4Q10 + 4

Kyoto, July 26, 2016 32 / 40
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Siegert's theorem — Discussion

The Siegert's theorem had been discussed in the literature in the context of
constituent quark models and the v*N — A(1232) transition

D Drechsel and MM Giannini, PLB 143, 329 (1984); M Weyrauch and HJ Weber, PLB 171, 13 (1986); M Bourdeau and NC
Mukhopadhyay, PRL 58, 976 (1987); S Capstick and G Karl, PRD 41, 2767 (1990); AJ Buchmann, PRC 58, 2478 (1998)

@ It was found that:
A consistent calculation requires the inclusion of processes beyond the
impulse approximation at the quark level (two-body exchange current).
Inclusion of quark-antiquark states/meson cloud contributions.

@ Conclusion:
Processes beyond impulse approximation are fundamental
to describe the form factors data at small Q? (near the PT).

Example: AJ Buchmann, PRL 93, 212301 (2004) — Large N.
G£(0),Gc(0) o r2 (neutron electric charge radius)?
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v*N — A(1232) quadrupole form factors — meson

Large N,

V. Pascalutsa and M. Vanderhaeghen, PRD 76, 111501 (2007);

P. Grabmayr and A. J. Buchmann, PRL 86, 2237 (2001)

~ 0.1} J
G, = GEn/QQ KGCdat:
0.05] ]
M\ M2 — M2 -
G = [ — AiG n 2
@)= () Mz Cm@) o e
M\ Y2 _ 0 05 115 2
GC(QQ) = (m) \/§MMAGEH(QQ)7 Q" (GevH)
Imcompatible with ST Ry ~ — <M> r2 2
Ma 122 7P

Ryt = GE(Q?)t) - ”GC(Q?)t) #0

Qh=-(Ma—-M?=0 (;2>

12
S
7 N\
n%‘ =
N~—~7
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v*N — A(1232) quadrupole form factors — meson

Large N,
V. Pascalutsa and M. Vanderhaeghen, PRD 76, 111501 (2007); = !
P. Grabmayr and A. J. Buchmann, PRL 86, 2237 (2001) \ i ® GEGdata
0.1- — — KGg ]
SR 2 : ata
Gin = Gen/Q® Gru(@) ~ 320> | 6y
0.05- i
M \*? M3 - M? -
G 2 P A G n 2
=(@) (MA) vz Ceml@) o R
MO\ 2 0 05 115 2
Go(Q%) = (M—) V2MMAGER(Q?), Q*(Gev)
A
3/2 2
. . M
Imcompatible with ST Rpp ~ —[(— "n 2
Ma 122 77

Ryt = GE(Q?)t) - ”GC(Q?)t) #0

Qh=-(Ma—-M?=0 (;2>

12
S
7 N\
n%‘ =
N~—~7
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v*N — A(1232) quadrupole form factors — meson cloud

Large-IN,
Approximated ST parametrization:

Gp — —E— ‘
14—
M3 — M2

[same result for Gg(0)] 01

<M>3/2 M3 - M?  Gp, 0.05
Gg =

Ma V2 1+
M2 - .
Ge = (M) V2MMAG gy, @ (Gev))
3/2
Almost compatible with ST R~ M /2 Ma - Mi 2
P\ Ma 2M 1242 P

Ryt = Gp(Q%)—rGce(Q2)
1
= "(ws)

Kyoto, July 26, 2016 35 / 40
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v*N — A(1232) quadrupole form factors — meson cloud

Large-IN,
Approximated ST parametrization:
GE — 71 Cp .

[same result for Gg(0)] 01

<M>3/2 M3 - M?  Gp, 0.05
Gg =

Ma V2 1+
M2 - .
Ge = (W) V2MMAG gy, @ (Gev))
3/2
Almost compatible with ST R~ M /2 Ma - Mi 2
P\ Ma 2M 1242 P

Ryt = Gp(Q%)—rGce(Q2)

- o(w)

Include valence quark contribution

Kyoto, July 26, 2016 35 / 40
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v*N — A(1232) quadrupole form factors — valence quarks

0.015, T
GR and MT Pena, PRD 80, 013008 (2009) - )
0.01 [k Ny B KEGC
~ UL AN G_-kG. 7
GB(Q2) / Yoo (k) . ke
Qp I N,
0.008" o ]
B 2 I g
GB(Q2) x /Q Yoo (K)
k

Compatible with ST

GE( ?)t):Gg( ;zat):() ’th:()

Valence quarks
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v*N — A(1232) quadrupole form factors — valence quarks

0.015, T
GR and MT Pena, PRD 80, 013008 (2009) - )
0.01 [k Ny B KEGC
~ UL AN G_-kG. 7
GB(Q2) / Yoo (k) . ke
Qp I N,
0.008" o ]
B 2 I g
GB(Q2) x /Q Yoo (K)
k

Compatible with ST

GE( ?)t):Gg( ;zat):() ’th:()

Valence quarks

Valence quark component compatible with the ST
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v*N — A(1232) quadrupole form factors — valence + mc

GR and MT Pefia, PRD 80, 013008 (2009) '

GR(Qp) o< | Yao(k)

Qg
GRQ) x [ Yao(k)
Qp
Almost compatible with ST
Q (Gev?)
GB( Z)ZGB( 2):0
e T » N(M>3/2MA—M A
Ryt = O (N4 =\ Ma 2M 1227

Valence + meson cloud
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v*N — A(1232) quadrupole form factors — valence + mc

GR, arXiv:1606.03042
Combining Quark Model with Pion Cloud
parametrization compatible with ST:

Gp=GE +G%,
Go =GB+ GL

@ Sum almost compatible with ST °'1§

Ryt =0 (NLSL) 0,05
@ Good agreement with the data

G (@)

Q@ (Gev))
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Summary and Conclusions ...

o Siegert’s theorem, Q* — —(Mp — M)?
consequence of the structure of the transition current:
singularity-free Form Factors: = constraints on FF/Amplitudes
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Summary and Conclusions ...

o Siegert’s theorem, Q* — —(Mp — M)?
consequence of the structure of the transition current:
singularity-free Form Factors: = constraints on FF/Amplitudes

@ ST useful to test the consistence of empirical parametrizations
and to make extrapolations for the timelike region

. , s
o Siegert’s theorem: F x w ‘lq/Q

N(1535), N(1520), A(1232)

7N = N(1520): also Gy = 0 at PT (A = “2)
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Summary and Conclusions ...

o Siegert’s theorem, Q* — —(Mp — M)?
consequence of the structure of the transition current:
singularity-free Form Factors: = constraints on FF/Amplitudes

@ ST useful to test the consistence of empirical parametrizations
and to make extrapolations for the timelike region

. , s
o Siegert’s theorem: F x w ‘lq/Q

N(1535), N(1520), A(1232)
Y*N = N(1520): also Gy =0 at PT (A; /5 = “22)
@ Proposed parametrizations consistent with the data
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Summary and Conclusions ...

Siegert’s theorem, Q% — —(Mp — M)?
consequence of the structure of the transition current:
singularity-free Form Factors: = constraints on FF/Amplitudes

ST useful to test the consistence of empirical parametrizations
and to make extrapolations for the timelike region

S1/2

Siegert’s theorem: F x w
N(1535), N(1520), A(1232)

Y*N = N(1520): also Gy =0 at PT (A; /5 = “22)
Proposed parametrizations consistent with the data

Alternative parametrization proposed for large (Q?
— compatible with pQCD power laws: A; /5, S} /9 o 1/Q3,A3/2 o 1/Q°
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Summary and Conclusions ...

)

)

4

Siegert’s theorem, Q% — —(Mp — M)?
consequence of the structure of the transition current:
singularity-free Form Factors: = constraints on FF/Amplitudes

ST useful to test the consistence of empirical parametrizations
and to make extrapolations for the timelike region

. , s
Siegert’s theorem: F x w ‘lq/Q

N(1535), N(1520), A(1232)
Y*N = N(1520): also Gy =0 at PT (A; /5 = “22)
Proposed parametrizations consistent with the data

Alternative parametrization proposed for large (Q?

— compatible with pQCD power laws: A; /5, S} /9 o 1/Q3,A3/2 o 1/Q°
A(1232): proposed large- N, parametrization for the quadrupole

(GE and G¢) pion cloud — compatible with ST
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Summary and Conclusions ... (Si/2 vs Ej+|q|)

7 . r . . . . 40 T T T T
0 [/ S 1
/ [alA,, /A
TN o T
3 1 3
K o N(sss) S oagkE T
g -10F q 8 ___________
"’:»207 w:, S

12

A,/
I 2 K] 2 0 T2 3
Q (Gev) Q GV Q@ (Gev?)

w
[
o
o
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o
-
N
o

Thank you <
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Summary and Conclusions ... (Si/2 vs Ej+|q|)

0 [/
/
Bl
o N
8 :
L)
g -10F
3
@ p0f

Se
1alA /A

N(1535)

3 BY;
s,,[10° Gev™?

Sy
1A,/(2\)

ilberto Ramalho (IIP/UFRN, Natal,

2 22
Q @ev))

Arigatou/Obrigado

Empirical parametrizations ...

2 3
Q(Gev?)
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Additional information
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Structure of the transition amplitudes

N(1535)%" N(1520)3" A(1232)37
Siegert A1/2 = 2bFy by = O(l) by = (’)(\q\)
Sip = V2l Fr Sip=0(d)  Sip=0(q)
My =0O(laf) My =0(1)
~ S E S
h=00) sPee = Ao af = e
Arp = 75432
MAID Ay =0(1) By =0(1)  Eip=0(d|)
51/2 =0(1) 51/2 =0(1) 51/2 = O(‘QP)
My, =0(Q1) My =0()

Ayjp # ﬁAg/z
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Example: Nucleon elastic form factors (optional)

@ Nucleon form factors:

2
Cp(@) = Fi(@) ~ 2z PA@), Gu(Q) = BQ) + FoQ)

o Consider the threshold of eTe™ — pp
@ At the threshold: Q? = —4M?:

Gu(Q%) = Ge(Q?)

In this case the form factors can be measured.
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VN — N(1535)1"  x=va(ux - m) (optional)

@ From the analysis of the transition current — singularity-free FF
Devenish et al, PRD 14, 3063 (1976)

wo_ o qq“ iauyqv
g _Fl(7 q2>+F2MR+M
. . S
we obtain the relation (E o< Ayp):  Ajjy = )\‘17/‘2

o Consistent with the multipole analysis at PT (|q| — 0)
JD Bjorken and JD Walecka, Ann. Phys. 38, 35 (1966); Devenish et al, PRD 14, 3063 (1976); D Drechsel, SS Kamalov
and L Tiator, EPJA 34, 69 (2007)

A1/2 = O(1), 51/2 = O(|d)
@ Charge density: (J°) = projection in states 5. = 5. = +1
@ Current conservation: Fy=F +nF, n= %g;%

Sy /o o (JU) = Fy(agysu) oc Filq
@ 512 = O(|q|) = Orthogonality between N and R ((J°) — 0)
@ ... but, only ' = O(1) is compatible with S172 = O(lq])
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