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Nrnrelectroproduction data from CLAS

W=1.5125 GeV, Q*=0.375 GeV>
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Nznrt electroproduction mechanisms incorporatedinto JM model.

Isobar channels included:
TA

« All well established N*s with TA decays
and 3/2*(1720) candidate, seen in CLAS
Nrr data.

3-body processes:
Y

T (1)

* Reggeized Born terms with effective FSI
& ISl treatment .

« Extra A contact term.

pp

*All well established N*s with pp decays and
3/2*(1725) candidate.

Diffractive ansatz for non-resonant part and
P p p-lineshrinkage in N* region.
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continued

3-body processes:

(L8

Isobar channels included:

» 1+D0%5(1520), ©*F%5(1685), ©P**;;3(1640)
(P+33(1640)) iIsobar channels; observed for the first time
inthe CLAS data at W > 1.5 GeV.

Y

FO15(1685),~ (r+)

D13(1520) Direct 27 production

p/ v () ¥ T (=) p’

TG p’
Most relevant
pP’@H(H at W<1.65 GeV
/
\ p/ P (TE') T
P (7 P)
Full model description with all expressions for contributing amplitudes can

be found in:

* V. Mokeeyv, V.Burkert, T-S.H.Lee et al., Phys. Rev. C80, 045212 (2009).
* https://www.jlab.org/~mokeev/im/mokeev_pipip.pdf.
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Definition of N* parametersin JM

Reqular BW ansatz for resonant amplitudes

_contain only phases described in the slides #11,12

'::}".l" |Td-ec| '}'-RH}'-R |T=m| A"}-"}"P}

W IT Adph = 3

o ME—WE (WM,

where A, T, areresonanece mass and energy-depen dent.

Hadronic parameters:

The (Af|Tas|Ag) hadr. dee. amplitudes wers esti-

total width and (Ag [Tom| A Apl, (A7 | Ta.| Ag) are elec-
tromagnetic produckion and strong decay amplitudes of
N* with helicity Ag, respectively. Indicies Ay stand for
the final states populated in N* decays in helicity repre-
sentation

uated ot the resonant point W = M., {F;} is sbsolute

mated from I'p;g(W) partial hadronic deecay widths,
that were transformed to Ty (1)

= o I, o dud®
l:":!"'..Fli-l| "}"R} - '::"]"‘.Fl.i-I Ecl’}"R}dﬁw(coSE :IE 1

B = Ag,
v=—Ap for Th

¥ = A — Ay for pp,

where J7 is N* apin; ¢* & spherical angles for shable
fin. particle emission in the N* rest frame

cl()(%l’%wv gga/p el

22 2T + 1M s /T
real | (aplTlolAx) = = L

where index U stands for the amplitudes or variables esval-

value of 3 momentum of the final stable particle, averaged
over running mass of the final unstable hadron.

/- esolution of decay amplitude:

() [ Taee] ArI(W) = {f - (5] [Tae 0l A

17z
Mre: ";?I:F'DRII + Nf(pDRII:| {PD}
W EpR)+ NApR) |\ W
where Jr, M are Bess=l's and Meumann’s funchions, =11

™Y and {p) are sveraged moments o f the stable par-
ticle caleulated at the resonant W . =M. (™)) and at
the eurrent WY, respectively.
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Cont’d

Electrocouplings:

The A, g, Azpy were defined as: The relations between electrocouplings A, ., Azp,
Sipz snd (Ag|Tem| Ay hp) amplitudes were determined

gi,:, 20 o o Az from requirement to reproduce BW cross section for
Ty = T (2dree + 110 e {Alfz + 3f3}’ single N* state:
where g.p i photon 3-momentum abs walue at T MET(WIT
W =0fprs , (W)= Z(2J +1)—m7 h;::‘:z ET ] )
gr:,- EMN: - W :I - MNirﬁgﬁlfwj

N* electromagnetic production amplitudes and electrocouplings:

S e Mgt ||q_:
real | AR [Tem| Ay gt = % ﬁ“‘; Elﬂlfz,afzf':f:';

|}“"}' - "}"_F'l = %: z_l
-for transverss pheotons

4 o

e S e g g3
real | (AR [Teml| Ay igl = 31 —"“’\v,n' o /2813007

-for longitudinal photons
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Unitarized BW anstaz

We apply unitarization procedure proposed in [J.R.Aitchison NP A189 (1972),
417:

Typ—)l\/IB= fﬁMBSaﬂ f

where fayp, fysare the a-th N* electroproduction and B-th N* hadronic decay amplitude
to the meson-baryon (MB) final state; S,z is the operator for resonance propagation,
taking into account all transitions between o and B N* states, allowed by conservation
laws in the strong interactions. No exira phases were used.

Off-diagonal transitions incorporated into JM:

o

D, (1520 < D,;(1700)
3/2+(1720) < P,,(1700)

diagonal
regularBW

Inverse of JM unitarized N* propagator:

Sup= Mg~ I AT To WM oM s =W 5,

N, N

off-diagonal
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Non-resonant contributions to tA channels

Minimal set of current conserving Born
terms

Y ot
Hn
P A

current conservation.

contact term:

pion in flight term:

Biaion, = el @ £, (P, Aa Julpy,

Analytical expression for amplitudes

(2pf — g¥)eula Ay)

2
fi&_}' .}' H(Q :I §— m?;
g wy(pa, s Julpy, Apl(g” — o))
micleon term
2 +
..... Brat,, = IN(Q7)g R sg_;;(q Aol
P ! EV(PE;}"&:IELEPIJ F:Ip:rr
A in flight:
Haipse = 298(Q%, ﬂ( B ugﬂif:f ),
U [Pz, A Jpnulp, Ap),
(@) = 0G0 3 o

gn(@% ] + gn(2%)
2

gal(Qt) =

T = e

' ' e’ e
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con’d

Yertex functions.

gnfﬁgznfj = G:‘T,Em KQBJGHN&EﬁI-

1 1
1+ @_g,f-;!u) Gt as(Ermin )

Gl "] = (

AZ = 0462 C.J. Bebek et al., Phys. Rev. D17, 1693 (1978).

z 2
A — i

AZ— ¢

Gapra(f) = go

The interaction constant g and cut-off parameter A are: gop = 2.1/m, and /A& = 0.75 GV, B, Machleidt, in Advences
in Muclear Physicz 18, (1979,

Regge trajectory implementation.

o (2)
1 g
Fom ol = (E)

| 1+ E—z':ln:t',.-l:t:l - 1
sin(we, (¥)) 2 T(1 + a,(£))

!
T,

proposed in M Venderhasghen, M. Guidal and J. M. Lagst, FPhy=. Fev. CBT, 1454 (1998).
multiplicative factor:

ag(t— m2 R, (f)
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Absorptive ansatz for phenomenological treatment of ISI & FSI in
nA channels

' :%A P K.Gottfried, J.D.Jackson,
Nuovo Cimento 34 (1964) 736.
M.Ripaniet al., Nucl Phys.
A672, 220 (2000).

++

J
f FS|

fJ\S\

Applied to non resonant parts of 7A amplitudes and 74 elastic scattering amplitudes, respectively:

decomposed over PW'’s of total angular momenta ) )
J. f;’?SI = {ApAp|S |APAP>1/2
. . . v _ 7 1/2
R = HeaBubss Fror = malSRam
A=A, =g, p=—Aa
S=142%T
Absorptive factors are related to S-matrix elements of pp

Re-normalization of 7A pp amplitudes
Consider ISI & FSI limit, that incorporates just single N* with only one open elastic channel. Abs. values of v,p — TA
amplitudes should remain unchanged at the resonant point — Resonant w4, pp elastic amplitudes at resonant point
should be equal to i — 5§ = —1.

Determined in this way normalization factor:

Pr(p)

Nisipog = ———0FL 1
qzifsi 87T(2j+1)w ( )
Py, F, are three — momenta moduli of pion and p.

The normalization factor Ny, of (Eq.1) was applied to full 7A, pp elastic amplitudes in the
PW of total angular momentum j.
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Cont’d

TA, pp elastic scattering amplitudes

A 7’ A 7’ A 7

h W?Y \\ p(ryy’
p(ﬂ . ) .
++ A++>
++ A++>
—quckgr
BW ansatz for resonant part g 3 L
Exclude double counting: non- A AN E
resonant ampl. &dressed gNN* A A s o
verticies P s LF
Tires —0.5Tires [> fires=0 T E CE
Tibackgr from =N data fit 2o £ -
Potential improvements: £ g -F
New results on nA & pp ] N
elastic amplitudes P . 3
_~ O
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Extra contact terms In A 1Isobar channels

o
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=}

—~ 140 F
> > L > o
8120 - 8120 - 8120 -
§100 - }iloo - }51100 o
c 2y yTv 7 = 80 [ 80 | 80 F
{ ={A(W,Q e U,y U P, + §6of— {60 [ :lk 60 |
B(W QZ) yL_JV 5U(2p”_q)}* %402— %402— %402—
’ EUJLY v Ayls © a0k S 20F Tk
2 2 0 Ta ¥ 02 T0a os %1

t_AZ A =164 GeV Mt (GeV)
—~ [ A14 F Py L
Bl Enf il
S12 F P S E
Parameters A(W,Q%),B(W,Q%) x10¢ = sf .
r 8 | s 8 F
were taken from the CLAS data ¢ | S6f %6k

. Q C Q C

f|t cl.) 4 GIJ 4 L i 4 C
ﬁ 7 E i 2 b T a2k
Sobo 8 gb 3 gk
0 100 200 0 100 200 O

0. (deg) O+ (deg)

-_ Born+ o
contact

e V. Ve Van Van

W=1.36 GeV Q°=0.43 GeV?

1.4
M‘lr_P (GeV)

MR R
100 200

0, (deg)
Born

C(/a}é[%’m gg‘{% V..Mokeev EBAC Meeting May 26 2010
ot N o o



Non-resonantcontributionsin ppisobarchannel

Diffractive ansatz from J. D. Bjorken, PRD3, 1382 (1971).

T g = iAebt Good approximation for t<1.0 GeV?;
at larger t full pp amplitudes are

2
t=((P o P,/-) dominated by N*
b=b(L;,) from D.G.Cassel et al, PRD24, 2878 (1981).

JM model improvement A=A(W,Q?), essential in N* area at W<1.8 GeV:

2y 2 —(W-1.41)/D) L=0.77 GeV A=12
AW.Q)=AQ)a-e" ™)
Q)=AQ)-e D,=0.30 GeV D=0.25 GeV

AQ)=—f
- 2 2 ile in-

1+ 07/ All details in:

( Q A W) N.V.Shvedunov et al, Phys of
AW) = A, @- " H/D2y Atom. Nucl. 70, 427 (2007).
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ntD45(1520)isobar channel

Evidence for n*D,3(1520) isobar channel in the CLAS n*np data

full IM results with E’l“ﬂ E W=1.74 GeV Q2=0.65 Ge\W}
n*D15(1520) implemented < :
------- full IM results without E 75 3
n*D,3(1520) and adjusted o 50 b
direct 2x production - 5 |
= - -
““““ n*D13(1520) contribution E 0 Bleiosed S '
s 1 1.2 14 1. 6 1 8
B o
Born terms similar to employed in ©A %}J 20 - W=1.79 GeV Q?=0.65 Ge\?
channels with additional ys matrix Efi .
- 60 [
Ie -
540 -
20 |
E B R "n
T 0 ] |_|_LJ_.4_-~J-'||||"-|||
e
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ntF,5(1685), n~P537"(1620) isobar channels

W=1.89 GeV
Evidence in the CLAS data Q2=0.95 GeV?

full IM results with 3 5[
n*F15(1685) and m-P33(1620) Eal 2wl
implemented g g
_______ full IM results without ““ ‘
these channels i
_______ TE+F15(1685) % N
_______ 1 P33(1620)
n*tF,5(1685) amplitude:
9 — (l\/l,,—p_'vlm)2 ‘T .
M=AW,Q%)e| & U, 7"U (P50 P.)eexpi— > A
F15 ‘ A
o Lo luoee ¥ 0 100y |

7+ P Nlass,GeV

nP33(1620) amplitude:

_ 1 M_ Mg | 1
M = AW,Q")e e yrU, 7 O EXP ——— = te
g t—m. |

T
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Manifestation of direct 2w production in angular distributions

full IM with 2n dir.shown
by diagrams below

phase space
for 2n direct

contr. from2xn direct production

parametrized as shown be
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Need for improvementsin description ofdirect2r production

— full IM

27 direct

failure in description of
angular distributions s related
to the shortcomings in
parameterization of direct 2z
production

e V. Ve Van Van
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Final parametrization of direct 2xr production amplitudes

AW, Q")z,(0 )T, (P,)7"U,(P,)*
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The CLAS dataon ntn—p differential cross sections and the
description within the JM model

G.V.Fedotov et al, PRC 79 (2009), 015204 M.Ripani et al, PRL 91 (2003), 022002
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Extraction of resonance parameters and
non-resonant contributions from the CLAS
ntp data
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Fitting Procedures

Simultaneous variation of the following resonant/non-resonant JM model
parameters according to the normal distribution:

-yvNN* electrocouplings with o—parameter equal to 30% from their initial values,
taken from interpolation of the CLAS/world data;

-tA and pp hadronic decays decomposed over LS p.w for part of N*s with o—
parameters, that cause total N* width float from 40 to 600 MeV

-magnitudes of complementary contact terms in tAisobar channels;
magnitudes of the D% 5(1520), ©n*F%5(1685), t-P**33(1620) isobar channel
amplitudes; magnitudes of direct 2n production mechanisms ; the respective o-
parameters were chosen 10 -30 % from the starting magnitude values

x?/d.p.fit of nine 1-fold diff. cross sections in each bin of W and Q2 were carried
out . Closest to the data calculated section were selected with

v2/d.p. < yx2/d.p..h,. The x2/d.p..h. Were defined so that selected in the fit calc.
cross sections are inside the uncertainties of measured cross sections for a
major part of the data points.

o/ , —
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Isobar channel cross sections derived from Nt CLAS data
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Non-resonantamplitudes contributing to n"/A**isobar channel from the

CLAS data fit

— 1/2
—  3/2
— 5/2

abs. values of the amplitudes

(T[4 )=
[ 540 fA4,)
d’,(6,)sin6,d6,

Can be used for N*
studies in coupled
channel approaches.

abs. values of the amplitudes
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Resonant & non-resonant parts of Nt cross sections as determined from
the CLAS data fit within the framework of JM model
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How N* electrocouplings are accessed in JM model

Isolate the resonant part of production amplitudes by fitting the
measured observables.

N* electrocouplings are determined from resonant amplitudes,
parameterized within the framework of unitarized BW ansatz.

T, 1], TR, ..

/e/ Vv N * A * ,v””
N 4

N \ N’ N 3
Az, Arps Sip Non-resonant amplitudes.

GM; GE! GC

Consistent results on N* electrocouplings obtained in analyses of various
meson channels (e.g. zN, yp, zzN) with entirely different non-resonant
amplitudes will show that they are determined reliably.

Input from advanced multi channel analyses accounting for FSI and rigorously employing
Untiratity is required!

o~

- o/ , —
@C/#%’m ng"% V.I.Mokeev User Group Meeting June 18 2008 25



Why N=n/Nnr electroproduction channels are important

* Nn/Nnrmtchannels are the two major
contributors in N* excitation region;

» these two channels combined are
sensitive to almost all excited proton
states;

» they are strongly coupled by tN—nnN
final state interaction:

* may substantially affect exclusive
channels having smaller cross
sections, such as np,KA, and KX.

Consistent results from independent
analyses of individual exclusive channels
and global multi channel analysis offer an
ultimate test for reliability of extracted N*
parameters

e V. Ve Van Van

CLAS data on meson electroproduction I

at Q2< 4.0 GeV?
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Comparison between P,,(1440) electrocouplings obtained from
the CLAS data on Nn/N=nr electroproduction

—— —— |

. « 60
80 S I
N7rtw preliminaryee | Ly s |
60 [ O 5l
N7t : t S [
40 ¢ 2 |
s - ¢ ‘saq0f
> 20} + t o |
o [
S of wl 30
r { :
«-20 | I
< 20 1
-40 - r [ \
60F ;3 10f + + \
- ¢
8O o\t o b
0 05 1 1.5 _2 25 3 35 4 45 0 05 1 1.5 2 25 3 35 4 45
QZGew QZGeW

Good agreement between the electrocouplings obtained from the Nz and
Nzzchannels: Reliable measure of the electrocouplings with N*
pasrtameters defined within the framework of BW ansatz

Open question: how to compare these electrocouplings with obtained in

cc approaches? EBAC-DCC results showed substantial Im parts
P~~~
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High lying resonance electrocouplings & the
Impact of BW ansatz unitarization

Nt CLAS
unitarized
BW ansatz
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The studies of n*np electroproduction are vital for reliable extraction

of transition gvNN* electrocouplings for high lying states
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N* hadronic parameters derived from the CLAS n*rn'p data

fit
P,3(1720)

[ oy MeV [ A, MeV ' MeV | M,GeV
Regular BW ansatz 135+12 1.53+£1.05 114+12 1.743+0.006
Unitarized BW anstaz 113+3.4 10.9+1.40 82.913.26 | 1.744+0.007

3/2*(1720) candidate state

I oty MeV I'aMeV | T, MeV M,GeV
Regular BW ansatz 86x5 4415.5 6.25+1.62 | 1.727+0.003
Unitarized BW anstaz 107+12 61+12 0.63x0.21 | 1.725%0.006
after improvements

Unitarization of BW ansatz affects substantially N* hadronic
decay parameters, while the impact on y,NN* electrocouplings is

almost negligible

o~
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JM amplitudes and cross sections

S-matrix, inv. flux F and sinqgle particle phase space element in JM model.

S =1+ (2x)*8%F — B 6T,
where Fy and F; are total four momenta of the fmal and
the initial particles respectively. The Dirac spinors were
nommalized as:

LU, = 20y,

where [T, (I1,) are Dirac (conjugated Dirac) spinors, My
is the micleon mass.

Inwvariant flux:
F = g’:-'PN:I

where ¢, and Fy are four momenta, of the initial photon
and proton.

The phaze space element for the final particle ¢ with
thres-momentum vector p; and energy B

api /(2B (27)7)

Phase space element d°® for the final z*rp state:

5
d g = st,&n— B+ ol B — da[F"“"'][Pn']d‘Fn—,

2
da4- = aME, _

_ 2
A4, =dMZ, ,

where 0, -, 42, - are the final ¥~ spherical angles with
respeck to the direchion of wirtual photen, and i+
1z the angle between the plane B defined by the moment.a
of the final p'xt pair and the plane A defined by the
initial proton and the final x~

(/. /.. —
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Con’d

4 —fold differential n*n-p cross section after integration over @,_:

¢ stands for the 3-body phass space differential after

Aoy JEL+ JRT
dto = = L JEx, v at
o 4HLMN{ 2 Terds } ¢

where o = %5, er. shands for degres of longitudinal po-
larization of wirtual photonzs. The K is the equivalent
photon energy:

W2 — ME

e =
L My

The hadronic eurrent J,. and the wvirtual photon wec-
tors e(A,) (A,=-1,0,41) are related to reaction helieity
amplitudes (Ap|T| Az A, ) e

eulAy = —1)7% (A, A7) = AfITIARA, = =10,
6 (A =107 A Ap) = fITIAGA, = 1),
e (A = 0% (hgy Ag) = (I T ApA, = 0,

inkegration owver ¢ - .

whereh; (i=7,p) stand for the initial state photon and
proton helicities. The Ay is generic symbel for the helic-
lties m the final state

The expressions on the slides #10,11 allow us to relate n+n—p
electroproduction amplitudes of JM model and any other approach.

o~~~
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D,5(1520) electrocouplings from the CLAS data
on Nn/Nnr electroproduction

» electrocouplings as determined
from the Nn & Nnw channels are
in good agreement overall

 but the apparent discrepancies
forthe A, amplitude at Q?~0.4
GeV2will be further investigated
ina combined Nn/Nnwt analysis

* hypercentric Consituent Quark
Model calculations reasonably
describe electrocouplings at
Q2>2.5 GeV?, suggesting that the
3-quark component is the
primary contributionto the
structure of this state at high Q2.

e V. Ve Van Van

N
o ©

{Par1PO0 Gev

N N
o O O

$14#1000 Gev™'?

|
'S
o

M.Giannini/
E.Santopinto
hyper-centric
CQM

T = e =

' ' e’ e

V.l.Mokeev EBAC Meeting May 26 2010



Nrt CLAS data at low & high Q?

Number of data points > 119,000, W <17 GeV

do/dQ) 0.35-16 31018
do/dQ(’) 0.25-0.65 13 264
17-43 33000
0

Adr) 040 956

065 805

A(r) 040 918

065 812

17-43 3 300

do/dQ(n) 0375 172

o~ 0750 412

-1 = , ——

Low Q? results:
I. Aznauryan et al, PRC 71,
015201 (2005); PRC 72,
045201 (2005);

High Q? results on Roper:
I. Aznauryan et al, PRC 78,
045209 (2008).

Prelim. high Q? results on

D:3(1520), S,1(1535):
V.Burkert, AIP ConfProc.
1056, 248 (2008).

Summary paper:

|.G.Aznauryan, V.D.Burkert et al.
(CLAS Collaboration)
arXiv:0909.2349[nucl-ex]

full data set in:
http://clasweb.jlab.org/physicsdb/
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Definition of Resonance Parameters in JM
model (including relative phases between
resonant/non-resonant amplitues)
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Application to the ttnp CLAS data analysis

« 1.66<W<1.76 GeV, 0.5<Q2%<1.5 GeV?; transitions between only two N* states are
allowed by conservation laws 3/2*(1720) «—P,3(1720) . Unitarized BW ansatz was

applied to this pair of states, while the other resonant contributions were treated in
regular BW ansatz

 Resonant parts of yp—MB amplitudes, derived from the expression (1),(2) is:
1 2 . 2 .
T)’D—)MB=WS—1]{1:1MB(M =1 M,-W ) f17p+l M. M ZZ\/rliFZi f 2MB f
P [ 2 - 2
+1 MlMZZ FliFZi flMBnyp-l- fZMB(Ml_IrltMl_W )f27p} (3)
while the denominator det[S-!] for two interacting resonances is:

det[S™1= (M =i [ M:=WI)M: =i T M,-W)+ T ) MM, (@)

where T'at are full decay widths of interacting N* states mentioned above.

e V. Ve Van Van
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Quality of the CLAS n*n'p data description

Range of y2/d.p.for selected in
the data fit calculated cross
secions

Regular BW ansatz 2.74-2.98

Unitarized BW ansatz before 2.85-3.21

improvements

Unitarized BW ansatz after improvements 2.83-3.04

Comparable quality of the CLAS n*np datadescription was achieved
within the framework of JM model ,utilizing both unitarized and
regular BW ansatzs .
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How to compare N* parameters from JM and the approaches,
employing analytical continuation of production amplitudesin
complex energy plain?

N* parameters from JM model for comparison:

fully integrated resonant cross sections for any given resonance at
W=M, in the channels:
YP—oTAT

m+AY

PP
at the central or maximal (sub-threshold regime) mass of the unstable
hadron

sresonant amplitudes for these processes. Phase difference between
resonant amplitudes from JM and cc approaches may be incorporated
as extra phases in JM resonant ansatz and data fit with “improved “
ansatz can be repeated

e V. Ve Van Van
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