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Differential Cross Section
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Polarisation Observables:
the Beam Asymmetry ¥
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Model by Q. Zhao:

Nucl.Phys.A 675, 217c (2000)
Phys.Rev. C 71, 054004 (2005)
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Y : Status of the Art (up to 2014)

Theoretical Results:

Experimental Results:
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w photoproduction at GRAAL

1. free proton - radiative decay (B.R. 8.5%)
YHPp—wHp; w— 70+

2. free proton - 3 pion decay (B.R. 89.2%)
Yy+p—=w+p; w—at+70 + 7~

3. quasi free proton - radiative decay (B.R. 8.5%)
v+ p(n) = w+ p(n); w— 70+

4. quasi free neutron - radiative decay (B.R. 8.5%)
v+ n(p) = w+ n(p) ; w— 70+
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v+ p — w + p: the beam asymmetry

V. Vegna et al., Phys. Rev. C 91, 065207 (2015)
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|
v+ gfN — w + gfN: the beam asymmetry -
V. Vegna et al., Phys. Rev. C 91, 065207 (2015)
quasi-free proton: quasi-free neutron: |
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The beam asymmetry ¥ at higher energies

Original picture from F.Klein et al., Phys. Rev. D 78, 117101 (2008)
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We need:
1. linearly polarised photons up to (at least) 1.8 GeV
2. detector optimized for charged particles
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Linearly polarised photons at ELSA

| Electron Stretcher Accelerator (ELSA)
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The BGO-OD experiment

~ monitoring 3 Open Dipole magnet Daisy

Tagger magnet

Goniometer

ToF

Drift chambers:

SciFi2 detector
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Event reconstruction: does NOT exploit the performances of the detector

|
Preliminary Analysis -
. " , , [
Pilot Run: 227 June -1211 July Pre-selection events:
« Epsp=29GeV « 1 electron in the tagger (E5) ]
« Pol. Peak @ E, = 1.5 GeV * 2photons in the BGO (Ei 2, 612, ¢1,2)
» Open trigger condition « 3 charged particles (only 0,4  and u
¢a,b,c) .
|

E; sin 64 Cos ¢4 + Ep sin 05 oS ¢p + |Ba| Sin 04 COS ¢pa + |Bp| Sin 6 cos ¢y, + |Be| sin ¢ cos ¢
Eq sin 04 sin ¢4 + Ep sin 0 sin ¢ + |Pa| Sin 04 sin ¢4 + |Bp| sin 6, sin ¢p, + |Be| sin O¢ sin ¢¢
= Ejcos6q + E;cos By + |Bal cos 04 + |Bp| cos 0 + |Be| cos O¢

pIOT . 0
FﬁDT: 0
E'Y

FﬁOT:
= Calculation of the momenta of the charged particles (|Bal, |Bp| and |Be|)

Particle identification according with energy conservation.
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[ |
First observed w events (15% o the statistics) -
Missing Mass (to the final state proton) -
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Conclusions

- high statistics measurement of X for the reaction ¥ + p — w + p from the
complete GRAAL data-set:

— w — 79 4 4: event selection
- w— 7wt + 70 4+ 7~ fitting procedure
— agreement between the two decay modes

— data well described by Zhao model — | P;3(1720)

- measurement of ¥ for the reaction off the quasi-free proton target
— w — 79 4 4: event selection
— small-disagreement with the free proton results = ?

- first measurement of X for w photoproduction off neutron

— w — 79 4 4: event selection

— completely different angular distributions (w.r.t. proton):
small (or compatible with 0) for 6% € (0°,90°);
positive for 6%, ~ 120°

« measurements at higher energies (w — 7% ~) forseen at BGO-OD
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The final state nucleon identification
In the laboratory frame:

o~

PI\-Iesun 4 B, = (Ew; pé, p%, pfy)
& Pr = (Mr;0,0,0)
22 ﬁb ::(E@;pzvpivpi)

INDN = (EN; pﬂ7 p%? pzN)

Proton

Mniss v = \/(E, + My — pR)? — (052 — (Oh)? — (E, + PR
| Energy | Central Detector | Forward Detector |

Proton YES YES
Neutron NO YES
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The radiative decay: events reconstruction

« 3 vinthe BGO
+ 2~inthe BGO + 1 ~ forward

energy assigned by energy conservation

(v.v,7) system: E.; pX, pl, PZ,

Kinematic reconstruction:

In the center-of-mass frame:
E’Y

p= E,+Mr
E, M; — S:2E~,1MT
1= i

Back to the laboratory frame:
En = v(E}, + Bp}, cos 6F))

On,dn . .
pn cos Oy = v(BE}, + pj, cos 0x)

E* = S+Mﬁ_hﬁ
N 2\/s

2 2

E* — s—My+Mg,
w 2\/s

o

2nd order equation in Ey
+ energy balance:
E/f/a/c Eca/c /)c;/c pceale

. _ \/[s—(MN+wal[s—<Mp—Mw)21
S
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The radiative decay: events selection e protwon

Competitive reactions:

cy+p—= (AT +70 )0+ 70+ p

I
1. |[ETeas — EA| < 200 MeV
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£ 4000F-
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Y714 12 -1 -08 06 -04 -02 0 02 04
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3. Mss p > 200MeV

cytpo4p

5 (P§027)2+<P¥OZT)2 <P
P ot

01

4. M,, > 680MeV
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The 3-pion decay: events reconstruction

E:
P 5
PY 3
PZ ;

(free proton)

Pt cosO,+ + P, cosf,— + Ey, cosfy, + €08 0y

PY 5P . P__ |

P: Ep, Op, op

By Opv, Gt

™ E_., 6., o

e By Oy Oy

Yor i 0’Y2! ¢’Y2

VPt P+ M2+ /(P + M2+ By +

P 4+ sin@_ 4 cos¢ + + P, sinf — cos¢, - + E, sinfy, cospy + sin 6., cos @2
P_+sin 4+ sing, + + P, sinf, — sing, - + E,, sinf, sin g1 + sin 60, sin g2

PYZ P, P__ E,

=Ey+Mp—-Ep

b
Ey - P
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The 3-pion decay: fitting procedure

Competitive Reactions:

cv+p—omt 40+ +p

cytpontport 4ttt +p
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0.8
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Pre-cleaning of the data-set:

. 100MeV < M_o < 170MeV
2. M,

O,Tr*) < 2GeV

™

fit performed bin-by-bin:
- 2 polarization states
* 4 energy bins
- 5 polar angle (6) bins
= 16 azimuthal angle (¢.,) bins

Breit-Wigner + 3™ order polynomial

last energy bin: limited statistics (pannel b)
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[ |
The quasi-free nucleon target -
Free proton: Quasi-free nucleon:
|
1. |Emeas _ Ecalc] < 200MeV 1. |Emeas _ Ecalc| < 200MeV n
[ |
(Pior?® | (Pror)® 2 (Pror)? | (Pror)® 2
R S G -
ox =0y =30MeV/c;n=3 a,?f=0'ﬁf=7OMeV/c;n=4 .
inv _ 2 . _ 2
3. Mpss.p > 200 MeV 3, Moo Wl Mse M) o
(U’Y»’Y«"/) (o-mlss,N)
i - 2
4. M., > 680 MeV oy ~COMeVIC
O miss,N = 80 MeV/c'
n=38

Only for the neutron:
|0 — ¢n| & (150°;210°)
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