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Epistemological structure of the N* program

Experiment < Theory :

Reaction Data
nN = aN, N, inN, KY, @
YN = N, N, 7nN, KY,
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Dynamical Coupled-Channels Analysis @ EBAC &
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Reaction and its kinematic coverage

Experiment < Theory :

___— Reaction Data —___
N — aN, N, naN, KY, .
YUIN = 7N gNL mmN, KV,

Dynamical Coupled-Channels Analysis @ EBAC &
Reaction models for individual exclusive channels

P ol
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Results from the N* Program at Jefferson Lab.

(Journal of Physics: Conference Series 299 (2011) 012008)
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Significance of p7"7~ channel
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Analysis Measurements

Measurements
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Cross-sections from ep — e'p'n 7~

A Mnemonic Introduction |

Electrocouplings = 7*NN* 7T+, T,
i N
A%(QZ) - =
A%(Qz) - =
S:(Q? ) — I n
il p.p,
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Analysis Measurements

Cross-sections from ep — e'p'nn~

Electrocouplings = 7*NN* 7wt

Arjun Trivedi

Variable sets

Mpﬂ'*a 0:—7 ’ QS:T, ’ O[Ecp’ﬂ.ﬂ[pﬂ.—]v MTI'+71'7
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Cross-sections from ep — e'p'nn~

Electrocouplings = 7*NN* s

*)’ 7

€ scattering plane
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Cross-sections from ep — e'p'nn~

Electrocouplings = 7*NN* T,

Mpﬂ’aMﬂ'ﬂ' aﬁﬂr af-,r ’
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Analysis Measurements

Cross-sections from ep — e'p'nn~

Electrocouplings = 7*NN* s

Variable sets
Mprt, 0%, ¢ o, M
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B - Cross-sections
1. Independent of v* polarization:

d°c i
drs 7 dx;

2. Sensitive to v* polarization:
(lu. A. Skorodumina et al., Moscow University Physics Bulletin, 2015
Vol. 70, No. 6, pp. 429-447)

€ scattering plane

(—d;‘fg@) = R27% £ R2.9 4 R2,7°% €08 ¢ + R277 ™ €08 26 + Oxy o (R20r > siN 5 + R277 > sin 263 )J




Analysis Measurements

Cross-sections from ep — e'p'nn~
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Analysis Measurements

All possible observables: A glimpse

Polarization Observables for Electroproduction
(arXiv:nucl-th/9506029v1)

Target Recoil Target + Recoil
3 = - = = z’ y' & 4 = z vy Y 2 2 z
@ — z Y z = = — T Y z ik Y z T Y z
T R0 0 RY 0 o RO 0 REZ® 0 RE: 0 x 0 R:® 0 R:
L Ry 0 RY 0 0 * 0 RE* 0 R¥* 0 » 0 0 =
ST 0 “pl 0 0 " 0 CREE 0 + 0 + 0 CR:E 0
“TL 0 “RY= 0 “pis  apzt n EpEd 0 x 0 £ 0 «x 0 0
ST 0 . 0 0 . 0 * 0 + 0 + 0 0
LKA 0 R 0 ‘Ris. R 0 CRR® 0 £ 0 0 0 0
“T'L! 0 R, 0 ‘RS, °Rgf 0 Ryl 0 « 0 0 0 # D
"TL'  *RY, 0 R, 0 0 " 0 °“REZ 0 =« 0 =« 0 °REZL 0 =«
T 0 R, 0 B, RSS, o GRS 0 0 = 0 % 0 0

O Note that this table is applicable for single pseudoscalar electroproduction

9@ In case of double (charged) pseudoscalar electroproduction,
in addition to °R2% and °R2%%, SR2% and *R2% can be also be measured:

(d)?:g@) =R27% + R2%9 4 R27°% cos ¢ + R2r7°%1 €08 26 + O, (R207 > siN 6 + R277° siN 2¢) )J
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Analysis

Measurements
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Core Tasks
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Experiment: ep — e'X

Q Reconstructep — e’p/zrt

Particle identification
Fiducial cuts
Momentum corrections
Energy loss corrections
Event selection

Bin events = N}

Q A’ from Simulation

Q NI =NL/A

O Radiative effects correction
Nt

Q (Q% W)= LrZ(:gZW)

Arjun Trivedi
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Experiment: ep — e’X Simulation: ep — e’p/m 7~
Natural process Model(JM) based process
O Reconstructep — e’p/rta— O Reconstructep — e’p/nt
Particle identification similar
Fiducial cuts similar
Momentum corrections N.A.
Energy loss corrections similar
Event selection similar
Bin events = Nj similar
Q A’ from Simulation Q A" =NL/NL
Q NI =NL/A Q NI =NL/A
O Radiative effects correction Q N.A.
Nt
Q o(Q% W)=t QO NA
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Event Selection

MM for Q°=[2.00,5.00) GeV?, W=[1.650,1.675) GeV
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Analysis

Preliminary Results

[E16 experiment conductedin Hall B |
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Single-differential cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV
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Single-differential cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV

( d;‘fg@) = R21% + R2%9 + R2,7 %% c0s ¢ + R277 %1 €08 26 + dx, o, (R207>% i ¢ + R2771> sin 263
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV

‘ R2,+R2, for Q2_W bin=2.40-3.00_1.725-1.750 |
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV

‘ R2; for Q2_W bin=2.40-3.00_1.725-1.750 |
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~* polarization dependent cross-sections
Q2?,W bin = [2.4,3.0)GeV?,[1.725,1.750)GeV
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Overview of measurements

Mass u = 336 MeV.

51 (30 new)1D Cross-sections per Q2, W bin

Q & (3:3=9)

Q +* polarization dependent
R2Y + R2) (3x4=12)
Cx"(sx4 12)
R2%79(3x4=12)
R2%% (3x1=3)
R2%%(3x1=3)

2
o @ (N Relative vield in Q°-1V bins of analysis region
? Br
W oW 7 Mass w,,, = 2.3 MeV
& rewlupgraded N a Fundamental theory
of QCD
=01 LR | 9
- -t )
- . ' Emergent manifestation|
- of QCD

51 sets of cross-sections
measured in every Q2-W bin, of
which 30 are new

35



Summary and Outlook

Summary and Outlook
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Summary and Outlook

9 Summary
o 51 sets of cross-sections measured in each bin of Q2-W region.

@ This region covering Q%,W = [2.0,5.0] GeV?, [1.400,2.125] GeV
is newly charted by Evgeny Isupov (arXiv:1705.01901. Accepted: Phys.
Rev. C).

o Of these 51:

@ 21 are already measured by Evgeny Isupov.
@ 30 are measured for the first time.

O Outlook

o Working on analysis note and finalizing data studies.
o Analysis note expected to be submitted for review in September 2017.

Arjun Trivedi 37



Backup Slides
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Summary and Outlook

Particle Identification
Electrons
@ Coincident track in DC,CC,SC,EC

o Only electrons trigger CC
O Additionally, use the EC
o SF= E%C = constant

Arjun Trivedi

CEBAF Large Angle Spectrometer (CLAS)
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Summary and Outlook

Particle Identification TN e o e (G
Protons & pions
@ Coincident track in DC & SC

@ Use independent meausure of
time of flight from DC and SC:

o tgc: Direct measure of time
of flight

o tpc = f(Loc, Poc)

Eriee 2572360
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Summary and Outlook

Fiducial cuts

O Remove if detected at and

Electron, protons and pions
beyond edges of fiducial volume J
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