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The studies of N* electrocouplings: motivation & objectives

Our experimental program seeks to determine
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g, NN* transition helicity amplitudes (electrocouplings) at photon
virtualities 0.2< Q2<5.0 GeV?for most of the excited proton states
analyzing major meson electroproduction channels combined.
This comprehensive information allows us to:
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Rapid acquisition of mass is
_2ffect of gluon cloud

» study the

— m =0 (Chiral limit)
— m=230MeV
— m=70MeV

» pin-down active degrees of freedom in N*

structure at various distances;
non-perturbative strong
interactions which are responsible for N*
formation and their emergence from QCD;
uniquely access the origin of more than 97%
of dressed quark masses, their chromo- and
electro- anomalous magnetic moments
generated through dynamical chiral
symmetry breaking, and explore the origin of
confinement.

tudies are key to the exploration

of non-perturbative strong
interactions and confinement.



N* parameters from analyses of exclusive electroproduction channels

Resonant amplitudes Non-resonant amplitudes
mMesons /

MESOoNS

NI

Asjar Avjar S1p2
Gy, Ge Gc

» Separation of resonant and non-resonant contributions represents most challenging

part, and can be achieved within the framework of reaction models.

* N* ‘s can couple to various exclusive channels with entirely different non-resonant

amplitudes, while their electrocouplings should remain the same.

* Consistent results from the analyses of major meson electroproduction channels
Npi and pi*pi'p show that model uncertainties in extracted N* electrocouplings are

under control.



YcKopuTenb 3NeKTPOHOB HenpepbiBHOro aeucrsmsa B Jefferson Lab —

CEBAF
S Recirculation E. .. ~ 6 GeV
Arcs ——— | ~ 200 mA
0.6 GeV Duty Factor ~100%
i Linac sg/E ~2.510°
g’ Beam P ~ 80%
Inject OLG. GeV/ Eg(tagged) ~0.8-5.5
or inac Gy
==

CLAS

End Stations




CEBAF Large Acceptance Spectrometer

Torus magnet
6 superconducting coils

Liquid D, (H,)target +
gstart counter; e minitorus

Drift chambers
argon/CO, gas, 35,000 cells

|

Large angle calorimeters
Lead/scintillator, 512 PMTs

Gas Cherenkov counters
e/pi separation, 216 PMTs

Electromagnetic calorimeters
Lead/scintillator, 1296 PMTs

=gy

Time-of-flight counters
plastic scintillators, 684 PMTs




OnybanKoBaHHbIe AaHHbIE NO

POXKAEHMIO ABYX MMOHOB, NOJIYyYEHHble
B Konnabopauumm CLAS/SINP

1.31<W<1.56 3B
0.2<Q2<0.63B2 AQ2=0.053B2 G.V.Fedotov- G. Fedotov et al., PRC

120000 oTobpaHHbIX CObbITU 79,015204 (2009)

141 <W<2102B
0.6 <Q2?2<1.5M3B? AQ?=0.3 3B E.N.Golovach -M. Ripani et al.,
150000 oTobpaHHbIX CODLITUN PRL 91,022002 (2003)

AW=25 MeV |
AW/W<2%

> 10000 ToYek M3MEPEHHBIX CEYEHUIA peakLun ep—e'p -



TekyLwmnu ctatyc aHaan3a AaHHbIX

* E. UcynoB — [1BYXNMOHHbIN aHANU3 NpU
BbICOKUX NepeaaHHbIX UMMNYAbCaX
BUPTYanbHOro ¢OTOHA.

* E. lonoBay — PoTopoxKaeHMne ABYX NMOHOB

* H. LLIBeayHOB — dneKTopoXxXaeHue
NONOXUTENbHOIo NMOHA Ha NPOTOHE BHYTPU
NenTpoHa.



The CLAS data on pitpi~p differential cross sections and description within the
JM model
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JLAB-MSU meson-baryon model (JM) for n*n'p electroproduction

V.I. Mokeev, V.D. Burkert, T.-S.H. Lee et al., Phys. Rev. C80, 045212 (2009)
Isobar channels included:

TA
* All well established N*s with A decays
and 3/2+(1720) candidate.

* Reggeized Born terms with effective FSI
and ISl treatment (absorptive
approximation).

D * Extra tA contact term.

3-body pro
v

p°p
*All well established N*s with pp decays and
3/2+(1720) candidate.

Diffractive ansatz for non-resonant part and
p-line shrinkage in N* region.




JLAB-MSU meson-baryon model (JM) for pitpip electroproduction

3-body processes:
Y - Ap)

Isobar channels included:

(P+33(1640)) * p*D°;5(1520), p*F?,;(1685), p-P**;3(1640) isobar
(p*) channels observed for the first time in the CLAS
data at W > 1.5 GeV.

F°15(1685) =

0
D13(1520)

/
Unitarized Breit-Wigner Anstaz for resonant amplitudes
I.J.R.Aitchison, Nuclear Physics , A189 (1972), 417

Inverse of JM unitarized N* propagator:

Saﬁ MN* aﬂ Z\/F(Xl\/rﬂl \/MN*a\/MN*ﬂ Wéaﬂ

Off-diagonal transitions incorporated into JM:

s,,(1535) < S,,(1650)
D,5(1520) < D,4(1700)
3/2+(1720) < P,,(1700)

off-diagonal
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;(‘C Lorson ggaﬂp
Vv



JLAB-MSU meson-baryon model (JM) for n*np electroproduction

Direct 2n production required by unitarity:

y 7o () ¥ R D7
Most relevant L
at W<1.60 GeV. wEy
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W>1.70 GeV
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Resonant & non-resonant parts of Npipi cross sections as determined from the CLAS
data fit within the framework of JM model
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1. NN* electrocouplings from the CLAS data on Nn/Nnn

electroproduction
ol t ¢ “
+ Nz CLAS wl } ' sof
I- i . S : o
P gl f Air i M + =
N= CLAS g °| g s} H { +
. Aznauryan,V. Burkert, sz} r ' ol ﬂ { +
etal., PRC 80,055203 o} P..(1440
(2009). wl 2 11(1440) o} P11(1440) :
/l\ Nr world 0 Qieo\f F; 035 1 a'a:\:g 2 2.5
[ V-Burkert, etal, PRC 1o} * e
67,035204 (2003). o} a Asp o Az
o 120 00 } }t
S (e
100 D..(1520 so |
l;] N7 Q2=0, PDG. sl 13(1520) 5| i
PN ‘q 3 + t
N7 Q2=0, CLAS Y . X “t !
4 ' 20k 4 . 20 F15(1685) *
M. Dugger, et al., PRC _ _ o o b . .
79,065206 (2009). * o Foor 2 ° et cev ' "

Good agreement between the electrocouplings obtained from the Nz_and Nzx
channels. N* electrocouplings are measurable and model independent quantities.
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High lying resonance electrocouplings from

Yp—> TP
120 35
Nnwt CLAS ™[ A w0l
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[# Nn Q2=0, PDG. o 0 o.'sa, ooV 1} s %0 0% ov 1 18 °o “atc.w 1 8

N=n Q2=0, CLAS Studies of n*n'p electroproduction offer best opportunity for
4 M.Dugger, et al., extraction of electrocouplings for N* states with masses

PRC 79,065206 above 1.6 GeV. Most of them decay preferably to Nnn final
(2009). states.

Electrocouplings of S;,(1620), S,,(1650), F;5(1685), D;5(1700) ,
and P,,(1720) states were obtained for the first time from
the n*np electroproduction data.

All CLAS results on N* electrocouplings can be found in:
-~ - WWW.jlab.org/~mokeev/resonance_electrocouplings/
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Mystery of P,,(1440) structure is solved

Quark models: 6o

80 63
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|. Aznauryan LC
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Relativistic
covariant
approach by _
G.Ramalho /F.Gross . -0}
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The electrocouplings are consistent with P,,(1440) structure as a
combined contribution of: a) internal quark core as a first radial
excitation of three dressed quarks in the ground proton state, and b)
external meson-baryon dressing.

See work Phys Rev D84(2011) 014004 by I.T. Obukhovsky, A. Faessler....




Analysis of e1-6 data, E=5.7 GeV



Event Selection

e Electron ID
— Calorimeter cuts
— Cherenkov cut
— Fiducial cuts
— Zvertex cut
— Momentum corrections
— Zvertex corrections



EC sampling fraction before and
after electron ID cuts
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o 0.6
&% ‘I
S
u 051 600
N —500
04—
N — 400
03 |
- —300
0.2
i 200
0.4~ 100
_l 1 1 I\I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
% 1 2 3 4 5 g O

p, GeV

EC Sampling fraction with ¢ ID cuts

2 06 250
S [
w L
0.5
K —200
04
K i150
03
K —100
0.2
va 50
C | I - I | - [ | I R — I | R - l | I I — I | -
Yt 2 3 4+ 5 ¢

p, GeV






Charged hadrons ID

Beta vs Momentum cuts
Fiducial cuts
Momentum corrections for positive pion

Energy loss corrections for proton



Delta beta vs Momentum for charged

hadrons
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Elastic and missing mass of neutron peaks
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Missing Mass of negative pion

Missing Mass of ep— epr’ Mean 0.01972
x* | ndf 6565/ 7
— Constant 8.131e+04 £ 159
90000 Mean  0.01939:+ 0.00002
- Sigma - + 0.
80000/ g 0.01107 + 0.00002
70000
600005~ | Mean = 0.13925 I |
50000
40000 b
30000
20000
10000
:l 1 1 l I 1 | - 1 I 1 l 1 1 I 1 1 l I 1 1 1 l I l 1 1 I l Ll 1 l 1 1 1 l
%2 015 01 005 -0 005 01 015 0.2

GeV?



3-body final state kinematics variables
L
o

3-body final state kinematics
variables:

M, ., M, are invariant masses of
the m'n and pn™ systems
respectively;

dQ =d(cos0)do is solid angle for
emitted ;

o+ 18 the angle between two
planes on the plot.
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Cross-section extraction

d7(7 1 AN 7-dim differential cross-section

= —- 7
dWdQ'dr L ef f AWAQ At dr=dM,. dM,. dcos(© )dp, da..,

L — luminosity, AN — number of events inside multidimensional cell,
eff-efficiency determined from monte-carlo simulation. Then we
obtain virtual photon cross-section

doc 1 do
dr T, dwdQdr




3.5<Q?%<4.2 GeV? 1.5<W<1.525 GeV
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N* studies in m*rtp electroproduction with CLAS at high photon
virtualities

g ,NN*electrocouplings will become available for most excited proton states with masses
less then 2.0 GeV and at photon virtualities up to 5.0 GeV?

W=1.59 GeV, Q’=2.10 GeV’ Q2 (Gev))
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Extension of JM model toward hlgh Q Resonance structures become more

prominent with increasing Q2.




12 GeV CEBAF

Upgrade magnets
and power

J supplies

20 cryomodules

X Add 5

cryomodules Two 1.1 GeV linacs

Enhanced capabilities
in existing Halls U



Resonance Transitions at 12 GeV

Experiment E12-09-003 will extend access to Electromagnetic form factors are
transition FF for many prominent states in the sensitive to the dynamical dressed
range up to Q?=12GeV-. 035 —Quark mass. |
< 60 |- . accessible
Z : ". P, (1440) 0.30 at 6 GeV
%Q 40 | | 026
< [ %\
20 |- a 5 O 020
7oy o %
0 © 09 g 0.15 7 accessible
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[ + § 0.10 r
20 | o
I 0.056
-40 * + O CLAS12 projected 0.00
50 | | ~0.05
P R S H R R S| 0 1 2 3
0 2 4 6 8 10 Q2(Ge1\?2) q (GeV)

In this experiment we will probe the transition from “dressed quarks” to current pQCD
guarks for the first time.




Nucleon Resonance Studies with CLAS12

D. Arndt4, H. AvakianS, |. Aznauryan'?, A. Biselli3, W.J. Briscoe*, V. Burkert®,
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and the CLAS Collaboration

JLab PAC 34, January 26-30, 2009
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OcCHOBHble BbIBOAbI

Ha petektope CLAS BnepBble nNony4eHbl AeTa/ibHble AaHHble NO AndPepeHumanbHbIM U
MHTErpasibHbIM CEYEHUAM PeaKkUUM TIIT-POXKAEeHNA B 06/1aCTM 3HEeprui Bo3obykaeHmna N* u
npu BUpTYyanbHocTaX ¢poToHOoB 0.2<Q?<5.0 M=B2.

N3 aHanun3a gaHHbIX Npu 0.2<Q?<1.5 B2 yctaHOBNEHbI BCE OCHOBHbIE MEXaHU3Mbl
3NEKTPOPOXKAEHMA TIIT-Nap B pe3oHaHCcHOW obnactn. PasBuTta mesoH-b6apuoHHana moaens JM,
XOPOLLIO BOCNPOU3BOAALLAA BCE MMEILLMECA AaHHbIE NO TUT 3/IEKTPOPOKAEHUIO. Bnepsble
YCTaHOBJ/IEHbI: MPAMOE 2Tt 3N1eKTPopoXKAeHUe, n3obapHbie KaHanbl D13(1520), F15(1685),
P33(1640). JoCTUITHYTO HaAeKHOe pa3fesieHne pe30HaHCHbIX/ HePe30HaHCHbIX YacTen
CeYeHMUM

Bnepsble U3 AaHHbIX MO CEYEHUAM NEKTPOPOXHKAEHMA TIIT-Nap Ha NPOTOHAaxX onpeaeneHbl
3/1eKTPOMarHuUTHble popmddpakTopbl 6ONbLIMHCTBA Pe30HaHCOB ¢ Maccamn meHee 1.8 3B B
obnactmn 0.2<Q%<1.5 B2,

AHann3 gaHHbIX NO3BO/INA YCTHAHOBUTb aKTUBHbIE cTeneHn cBoboabl B CTpyKType N*.
[MoKa3aHO YTO CTPYKTYpa HU3KonexKawmx N* (M<1.6 B) popmumpyeTtcs oT BHELLIHErO Me30H-
H6apMoOHHOro obs1aka 1 Kopa 3 KOHCTUTYEHTHbIX KBapPKOB

N3yueHne ABYXNMOHHOIO KaHana AsnsaetcA adPpeKTnBHbIM cnocobom onpeaeneHms
3N1EKTPOMArHUTHbIX GopmdpaKkTopoB BbicoKonexKawmx N* (M>1.6 3B) 6o0nblWIMHCTBO K3
KOTOPbIX pacnagaeTca C SMUCCUEN Nap 3apPAXKEHHbIX MMOHOB

PAC 44 opobpun sKcnepMmeHT No nccaegosaHuto cTpyKTypbl N* npu 6onbwinx Q2. Bnepsbie
byaeT nonyyeHa MHPopmaLma No aneKTpomarHuTHbim dopmdarktopam N* npm 5<Q? <12MB2
obecneumBatoLLan AOCTYN K CTPYKTYPE OAETbIX KBAPKOB M NO3BO/IAIOLWLAA U3yYaTb
KOHPaMHMEHT B 6bapMOHHOM ceKTope Ha ocHoBe KX/.
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