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1. Physics motivation:-—or_missing resonances issue;
sure 16 spin observables for neutron (little known)
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,/%xperimental apparatus

Circularly and linearly polarized photon beams
CLAS detectors and electron tagging system

Polarized neutron target (Solid HD ) : newly installed
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New longitudi ized target for this M

-

Frozen Spin Polarized solid HD target
Relaxation time > 1year @ ~ 50 mKand 0.9 Tesla

To CLAS

* Horizontal Dilution Fridge (designed and constructed by
HDice group at Jlab)

* 1 Tesla main Solenoid for longitudinal holding field

* Transverse field of 750 Gauss for field rotation (spin flip)
* NMR coil: polarization monitor during the run and spin
transfer and H-spin flip, Birdcage coil
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Target and background material (Target cell) subtracti“ = _

e
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g14 experiments: Dec. 2011 — May. 2012

* Circularly polarized photon beams: 0.85 <E, <2.4 GeV

. 27 days — 4.5 B events (Dpol. ~ + 25 %)

Dpol : Preliminary
* Linearly polarized photon beams: 1.6 <E, <2.2 GeV

. 21 days — 2.5 Bevents (Dpol. ~ +25 %)
9days — 1.2 Bevents (Dpol. ~ - 17 %)

T. Kageya, NSTAR 2015, May 25 2015



Data reductions for_E asymmetryon
yEnipl—o 1 Fp(p)

(a) Select events: only TT- and Proton detected and
1dentified 1n CLAS

(b) Energy loss corrections

(¢) Momentum correction

(d) Tagger correction

(e) Coplanarity cut

(f) Cut for Missing mass squared

(g) Missing momentum cut

(h) Target Cell subtraction and vertex cut

T. Kageya, NSTAR 2015, May 25 2015 Jeffz'? son Lab 7
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(e) d)ﬂr,,distributioWIanarity cquton
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(f) Missing mass squared distribution. for
P v+D —» T + P ¥ .

-
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(h rget CeIIW

Reconstructed vertex along beam axis for spin parallel
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))ihef analysism

-

Comparing these results with ones from other two methods
to check consistencies for this channel;

* BDT (Boosted Decision Trees)
* Kinematical fitting

These two methods could be good for low statistics channels.
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4. Preliminary results ~
Wetries for WMH-)
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E asymmetries for y*n(p) — 1 + p+(p)
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Formula to extract Z and G asymmetries (No. 1) e

Formula

@ General formula of cross section for single psudoscaler
meson production:
do(0,p) =
Sdog (1 — Z(0)Pg(L)cos(2¢) + G(0)Pg(L)P:(2)sin(2¢))
Pg(L): polarization of photon
P:(z): polarization of target
@ Four cases of beam polarization (linear) and target
polarization (longitudinal):
(1) parallel, positive; (2) parallel, negative;
(3) perpendicular, positive; (4) perpendicular, negative
@ p;: degree of negative target polarization
(1) doy = 3dog (1 — X(0)pgcos(2¢) + G(0)pgprsin(2¢))
(2) doz = 3dog (1 — £(0)pgcos(2¢) — G(0)pgp;sin(2¢))
(3) doz = Fdog (1 + Z(0)pgcos(2¢) — G(0)pgptsin(2¢))

(4) dog = Fdog (1 + Z(0)pgcos(2¢) + G(0)pgp;sin(2¢))
By Haiyun-Lu

Asymmetry of Linear Photon
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Formula to extract 2 and G asymmetries (No. 2) /
Formula (cont.)

@ (5) Normalization with acceptance:
pidoq + prdog + pidos + prdos = dog(pt + p;) = doy
dog is a function of 8 and ¢
@ (6) Cross section of only ¥ term:
—pidoy — prdos + pidoz + prdos = dog>pgcos2¢
@ (7) Cross section of only G term:
doy — dog — doz + dos = do’,GP, sin2®
@ (8):Extracting > :
(6)/(5)5 Z P, cos2®
@ (9):Extracting G:
(7)/(5)4 G P, sin2®
@ p; =0.245 and p; = 0.17

By Haiyun Lu
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2 asymmetries for y+n (p) — T +p + (p) s

Example of extracting > asymmetry

¥ P4 Cos(2¢)

G
s
-
o
-

2 3
Azimuthal Angle ¢

An example histogram from Eq. 8 with a fitting to cos(2¢) =

By Haiyun Lu
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2 asymmetries (Preliminary) /
Result of >~ asymmetry

Ey=1800 MeV Ey=2200 MeV
3 4
- +**-~ﬂm.ﬂ* -t - ++ .
e - - s . *%** ........
 Cos OGn— 9 | Cos 6 9
(A) Ey=2000 MeV (©)

z e (A) X dependent on cos(0) with
-t ot beam energy at 1800 MeV

_DO;: ............ +%m%%* ......... (B) > dependent on COS(H) Wlth
3 o beam energy at 2000 MeV
. (C) ~ dependent on cos(0) wij

e beam energy at 2200 MeV #
(B) Cos 0,
By Haiyun Lu

Asymmetry of Linear Photon
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G asymmetries (Very Preliminary)

G with beam at 1800 MeV

G with beam at 2000 MeV
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Report of X and G
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-

a. Completed experiments for pseudoscalar-meson photo-production
from longitudinally polarized HD at CLAS for 64 days of circularly
and 30 days of linearly polarized photon beams.

b. Analyses for target polarizations have been ongoing.

c. Preliminary results for y + n(p) -> T1- p (p) were shown.

d. Analyses for other channels, like y + p(n)-> p 1T+ T1- (N),
y + n(p) -> n 1+ 11- (p), KA and K*X-are in progress.

e. For vector meson production, y + p(n)-> p p (n), analyses are
ongoing.

f. lrene Zonta (next speaker) will talk about these three reactions.

T. Kageya, NSTAR 2015, May 25 2015 .gﬂ%%&ﬁ!ﬁpw 20
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Comparisons of three analysis methods on
\==-=

~—E asymmetries for y +n|

B) =TT+ p(p)
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Comparisons of three analysis methods on E asymmetrles fo

//v}n/(’) — 11+ p(p) (Alle eriment)
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(e) Missing momentum distribution for
v+ n(p) > T +p mlon of —quasi- free neutron

0.7 < Ey < 1.3 GeV

/
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Cuts for E and G asymmetry Extractions (No.1) i

@ The missing momentum is calculated from ~vd — pn—.

@ Assign the inverse of the missing momentum to the neutron target
as the momentum.

@ Calculate the momentum (p1)of produced proton in the center of
mass frame of ~vn.

@ The detected proton was boosted into the center of mass frame of
~vn with momentum (p»).

@ The difference between py and ps is used as the criteria.
@ The cut on the missing momentum has not been applied yet.

By Haiyun Lu

. Lu (Universities of lowa) Report of X and G January 6, 2015 4/10
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Cuts for E and G asymmetry Extractions (No.2)

Proton Momentum Difference

Difference of momentum of proton vs. missing mass Difference of momentum of proton
< — %% ! ndf B40 7 45
g 300005 po 2.1780+04 = 5.7700+01
: 6000 — pl -0.00289 = 0.00007
C 0.02877 = 0.00008
—ls000 25000? 8.278 = 0.008
0.1 C -8.354 = 0.045
4000 20000—
[ -
—13000 15000[—
2000 10000—
I-mgg 5000;
o N P
0.6 0.8 1 1.2 1.4 1.6 -0.25 0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
MM({GeV/c?) AP e (GEVIC)

Proton momentum difference vs. The proton momentum difference
missing mass. was fitted and a 3-0 cut was ap-
plied afterwards.

By Haiyun Lu
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Cuts for E and G asymmetry Extractions (No.3)

The Resulting Missing Mass

missing mass missing mass
x10° 10°
450 180;
400 1eof—
350 140?—
300 1202—
250 mof—
200 305—
150 — snf—
100 40?—
50— 20;
°o:' ' 'o.lz' 0.4 06 'o.ls' = 4 ' '1.|2' ' '1.|4' ' '1.|e' ' '1.|3' 2 Oy 1|4 '1.|s' 1ls 2
MM{GeVic?)

Missing mass before cutting the Missing mass after cutting the pro-
proton momentum difference. ton momentum difference.

By Haiyun Lu
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Pseudoscalar meson reactions and observables measured
In this—experiment (try Neutronreactions using-Betteron)

reaction observable

Y+n()—T p(p) g, >, E, G This Talk

V+n(p)—>T T n(p) oo, I'(2), I, I, P,
P°.(E), P°; (G), P*;

Y + 71 () — K’ Ap) 09,2, E, G

Ox’, Oz” Cx’, Cz’, P, T:('Oy)
Lx” Lz’9 Tx’, Tz’

y +n(p) > K Z(p)

O'o,Z,P,E,G

y+n() —K Z (p)

O'o,Z,E,G

From proposal E06-101
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(a) Select events; only T and Proton deteW

Particle ldentification using B = v/cvs P (v: from TOF)
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2 and G asymmetries (Preliminary) "
Example of Fitting ¥ and G

2 Pycos(20) GPysin(20)
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Fitting > of cos© from 0.0to 0.5 at Fitting G of cos© from 0.0 to 0.5
1800 MeV of beam energy at 1800 MeV of beam energy

By Haiyun Lu
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