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Physics Motivation

@ Nucleon resonances form an important part of the strong interaction
study:

% Mostly non-perturbative, cannot use pQCD;
% Too light for lattice calculation;
@ Must use effective theories or models:

% Constituent Quark Model: resonance amplitudes, helicity
structure... (not on interference terms)

“%Phenomenology models: MAID, SAID, DMT, JANR, ... ..
4 May compare to Chiral Perturbation Theory (very low Q¢ only).

@ Spin observables (asymmetries) provide constraints on: spin-dependent
amplitudes, interference terms...
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Observables

S e'
Cross section: ZL
e TR
do do do g,

do:k: uzp-l_Pe :+Pt >:+PePt ’ !

dQ, dQ d dQ. d Q.
Three independent asymmeftries:

Single-beam A = do, :0(+h6)_0(_h€) accessible from

©do,, G(+h€)+0(—h6) unpolarized target data

Single-target A= il :UHhN)_G(_hN) < only accessible from

do, o(+h,)+o(=h,) polarized target data

Double-spin /
do, —ol(+h,+hy)—c(—h,,—h,)+o(+h,,—h,)+c(—h,, +h,)
A= da,, T (e b w o (k) va(+h,— )+ o[~k +hy)

unp
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EG4 Exclusive Channel Analysis

@ Extracted At (A, ) and Aet (A, ) from EG4 NH3 data for: cpvre'nt (n)
@ Study dependence on Q*, W, ¢* and cos6*— (binned in 4 simultaneously);

@ Ae (A ) and its sing moment were extracted to check the beam HWP
status for each run, and to provide the absolute beam helicity information;

@ Previous/other analyses: EGla (published), EG1b (in progress, see this
morning's talk by P. Bosted);

@ Our nhew results help to constrain models at low Q%

@ Can compare to real photon experiment, study transition from virtual to
real photons;
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EG4 Overview

@ Ran in Feb-Apr.2006

Large—angle

Calorimeters @ Main goal is to extract
Superconducting InCIUSIVe 91 and for'm GDH

coils (outline only)
sum at low Q2

Cerenkov
Counters

Tungsten cone

support @ Polarized target installed at

Polarized Target
. sean  ~1m upstream of CLAS
»~ Pipe

_|.|[ :HE \ Beam Position CenTer‘

Monitor

5 ' @ Mostly electron outbending;

e Ao - new Cherenkov in sector 6
Beam Direction reached 6° scattering angle;
TOF Scinflators electron trigger in sector 6
Electromagnetic \Ne"" Cerenkov A S Only'

Counter in Sector 6 METERS .
@ DC not always on in all
sectors (zero or very small
acceptance in some ¢* bins)

Calorimeters
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EG4 Target Insert

Long NH3 position (A)

Short NH3 position (B)

Long Carbon (C)

Short Carbon (D)

Empty Cell (E)
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EG4 Kinematic Coverage
NH, target ND, target
IS’ IS’
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The CAA originally included e'p(n®), and ND3 e'n+(p) channel, but we no longer
plan to analyze these because 1) poor acceptance for e'p(n°); 2) the target spin

was hot flipped during the run.
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EG4 Kinematic Coverage
eglb coverage: (for comparison)
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Analysis Procedure for
¢pe'n (n) using NH3 Data

@ Beam polarization
@ Event selection (electron and pion identification)
@ Raster and momentum correction

@ Dilution factor
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Beam Polarization

EG4 Moeller Polarization
95%

85% - 'I'IP’DCID ! III
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Run Number
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Electron Selection ¢epre'n’ (n)

EG4 had a new Cherenkov and electron trigger in sector 6 only; we used EC cuts,
and developed "Osipenko cuts” for the new CC:
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Pion Selection
Used TOF cut within +/- 1ns and mass=(0.01,0.3) GeV/c?

Ebeam=2.994 GeV, NH3 target

1.2
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. epe'n (n
Raster and Momentum Corrections P (n)

45000 = Empty—cell target
- After correction
35000 [
- Cell endcaps Mx peak center:
30000 Before correction :
: Before correction: (0.949 + 0.020) GeV/c?
25000 : .
- Beam line After correction: (0.937 + 0.016) GeV/c?
20000 exit window
15000 ;_ — — no correction
10000 f_ I —— after all kinematic corrections
- I
5000 [
0 P v Y -
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z (cm)
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insulations I
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Dilution from Unpolarized Material

@ Dilution factor describes fraction of events from polarized protons in the
target

@ For this analysis, extracted dilution using NH3, empty, and carbon target data,
for fixed packing fractions (length of pure NH3 beads)

@ Value of packing fraction and its uncertainty determined by examining low Mx
spectrum, and from dilution of the e'n- channel

@ 4D fit to the extracted dilution factor — used in the analysis

3500 -
3000 — —— NH3 data 40000 — dil = 0.421 + 0.021
2500 — —— background formed - &
2000 empty scaled 30000 -
1500 - —— carbon scaled 20000 . L
- — W i F' § e
, protons n B il A
1000 \ 10000 E ;":»mn“w::‘ e T
500 |- - e +
1 ] 1 1 | 1 1 |'| ‘il | ] 1 1 ] 1 ] ]

! |
0.2 0.55 0.9 0.8 1 1.2
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Extracting Asymmetries

d do,, do, do do,
0*: *p+Pe *+Pt >:+P€Pt *t‘ ALU: ! X
dQ dQr  dQr  'dQ dQr PPy
N. N N. N
I (-3 ) RIen + (32 - S ) pi ]
] - Nip Nm) 4 (Nw Nw) fr J
N’MT:Dl UO+PJTO_e"’fgﬂptﬁat‘*—PnggﬂPtﬂO'et L ( Dy + D Pt + D + Dy Pt
Nyp = Ds _UO_PJTUG“‘ﬁrﬂPtﬂUt_nggilptﬂget_ ) 1 (Aglﬂ + %Qﬂ) — (]\Bf + %4“)
i U T pl Upr pl_ ] Avr = fr (N N | N N "
NT\U, :D?, _UO‘{‘Pb O-e_fdilpt Jt_Pb fdilPt O'et_ dil ( Elﬂ + DL;)Pt + ( I)TSU + DLU) Pt
Nt = Da [0~ B — flBboc+ PR o] 4y L
Pb Pb f:irll
@ D: normalization from beam charge, H]}Tj —~ Jgj) ph— (Agj - Jj;;) Pbﬂ
[ [ N N i N N 1
DAQ livetime, etc. {( D¢1ﬂ + Bj)Pt + ( DT;L + D¢4u)pt J
@ PbPt extracted from inclusive elastic
events
@ Dilution for elastic PbPt evaluated the same
way as exclusive channel
@ For Pt, divided elastic PbPt by Moller Pb
17
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Systematic Uncertainties

= |
AALL/ALL <i

Fheam | Target |[AAUL /AUL
(GeV) | (NHs) (syst) (syst)
3.0 top 7.0% 7.0%
)3 top 6.2% 6.3%
short 9.0% 9.0%
2.0 | top 5.7% 5.8%
(3 top 5.7% 5.9%
bottom 5.5% 5.7%
1.1 |bottom| 11.1% 11.2%
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Dominated by the
dilution factor/packing
fraction

BN: (1-2)%

Radiative correction:
+0.03 (absolute)

All others negligible
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Results

Asymmetry results available for A, A in:

- 42 Q% bins between 0.00453 and 6.45 (GeV/c)?, spaced logarithmically
- 38 W bins between 1.1 and 2.21 GeV/c? (0.03-GeV/c?)

- 30 ¢* bins between 0° and 360°

- 20 cosb* bins between -1 and 1

Not all bins have data, of course.

In the following slides, will show A, vs. W A VS. 0*

(data uncertainties are statistical only)
A, vs. W A VS. OF

@UNIVERSITY@VIRGINM X. Zheng, June 2016, CLAS collaboration meeting 19



I

8 Q2 bins

A vs. W

Q2=(0.00646,0.011)

(0.0110,0.0187)

(0.0187,0.0317) <

a 1F-
Fa Q2=(0.011,0.0187), cos

(0.0317, 0.0540) <"

(0.0540, 0.0919)°

(0.0919, 0.156)

(0.156,0.266)

(0.266,0.452)

Ay

Ay

-
= |
<

il UNIVERSITYo/VIRGIN:

[

-1

=(120°,180°)  (180°,240°)

(240°,300°)

MJI\

I e :
T%%rﬁ SR~

s |

0"=(0.5,1), ¢*= (120,180)deg | | Q2=(0.011,0.0187), cos

+ 151

0=(0.5,1), 0= (180,240)deg

[ Q2=(0.011,0.0187),

1 1
? =(0.5,1),0"= (240,300)deg

— + |

AAAAAAAAAAA

.......

#ﬁ o +

il

I L I I
QT(O .0187,0.0317), cos 0*=(0.5,1), *= (120,180)deg | | Q2 (0 0187,0.0317), cos 6°=(0.5,1), ¢*= (180,240)deg

|
[ Q2=(0.0187,0.0317), cos 0°=(0.5,1), ¢"= (240,300)deg

Tty

[ Q2=(0.0317,0.054), cos

]
*%
3

!

0*=(0.5,1), ¢*= (120,180)deg | | QZ=¥.0317,0.054), cos 8"=(0.5,1), ¢*= (180,240)deg

Q2=(0.0317,0.054), cos9*=(0.5,1),¢*= (240,300)deg

N Hﬁ

- ‘\‘ . + |

Q2=(0.054,0.0919), cos6*=(0.5,1),0°= (120,180)deg | [ Q2=(0.054,0.0919), cos6°=(0.5,1),0"= (180,240)deg

1 L
[ Q2=(0.054,0.0919), cos

] 1
6*=(0.5,1), 0*= (240,300)deg

S S ,A+

. Hn%{# ﬁ + +

Q2 (0{9190156) c0s6"=(0.5,1), 0*= (120,180)deg | | Q2=(0.0919,0.156), cos6*=(0.5,1),*= (180,240)deg

Q2=(0,0919,0.156), cos9*=(0.5,1),¢*= (240,300)deg

+
-
+
4
"l

|

|

B

. . | . . .
Q2=(0.156,0.266), cos9*=(0.5,1), 0= (120,180)deg | | Q2=(0.156,0.266), cos0*=(0.5,1),0= (180,240)deg

3 JUE.

| | I |
Q2=(0.156,0.266), cos 0*=(0.5,1), ¢*= (240,300)deg

e SV O

By

’?‘W

e Q2=(0.266,0.452),

0s 0°=(0.5,1), ¢*= (240,300)de g

t*tkir

¢;‘76
+

EE

WW

12 14 16 18 20

14 16 1.8 2.0

14 16 1.8 20

MAID2007 (solid)
JANR(dashed)
SAID(dash-dotted)
DMT(dotted)

20



ALL
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A Vs. O*
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W=(1.12,1.34), Q*=(0.266,0.452), (0.5,1)

3 Q2 bins



[ .

8 Q2 bins

A, Vvs. W

<
Q2= (0.0187, 0.0317)

(0.0317, 0.0540)
;
(0.0540, 0.0919)
(0.0919, 0.156)
(0.156,0.266)

(0.266,0.452)

-1

il UNIVERSITYo/VIRGIN:

% =(120°,1809)

Q%=(0.0187,0.0317),c0s 6(0.5,1), $=(120,180)deg

(180°,240°)

Q7=(0.0187,0.0317),c0s O=(0.5,1), $=(180,240)deg

(240°,300°)

Q=(0.0187,0.0317),cos 930.}1), 0"=(240,300)deg

L ++++

|

PR | SO N WA S VT | VRt o |

Q%=(0.0317,0.054), cos6"=(0.5,1), 0'=(120,180)deg]

Q7=(0.0317,0.054), cos6*=(0.5,1), §"=(180,240)deg

Q=09

t,o.lsa), c0s8*=(0.5,1), §"=(120,180)deg|

P R R [ R

| R T

Q7=(0.0919,0.156), cos6*=(0.5,1), 0"=(180,240)deg

£ L Q=(0.156,0.266), cosh*=(0.5,1), ¢*=(120,180¥eg

Q7=(0.156,0.266), cos8”=(0.5,1), "=(240,300)deg

Q’=(0.266,0.452), cos 92(0.2,1), 0%(180,240)deg

Q%=(0.266,0.452), cos 9E(0.5,1), 0£(240,300)deg

+

+

++’+ef¢i +++&+ L +

L

121416 18 20 1416 18 20

14 16 18 2.0

MAID2007 (solid)
JANR(dashed)
SAID(dash-dotted)
DMT(dotted)

23



AUL

AUL

A, VS. 0F
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A, VS. OF

AUL

AUL
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Summary

@ Extracted asymmetry A, A, for ¢p2e'm (n)| from EG4's
polarized NH3 data, down to Q?=0.0064 GeV/c?.

@ A | agree very well with phenomenology calculations

@ A, agree well with calculations for W<1.5 GeV/c?, but
calculations can improve for W>1.5 GeV/c? throughout all Q2
measured, down to Q2~0.02 (GeV/c)2

@ Paper: collaboration-wide review is over, have accommodated
all comments, working on improving the results figures and
uploading all asymmetries to the CLAS database, almost ready
to submit.

@ This concludes the work of CAA HS-07-02
@ Thank youl
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