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Coherent w-meson Photoproduction off Deuteron

do/dt [nb/(GeV¥cH)]

10 |

—

10

T I LN B B I LI | I LN B B I L B R I LN B B ] T T T T '| L a1 I T 1T
.

ET=2.6—3.6 GeV

This work

N7 Gyy=10 mb (VMD)
o (B) 6,,=30 mb (VMD)

L — — = (C) 5,,=30 mb (b,=10 GeV?)
| —+—+- Single scattering

t (GeVZ/c?)

T. Mibe et al. PHYSICAL REVIEW C 76, 052202(R) (2007)
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Motivation

Reaction of interest
* yd-od-xwd(n?)
e m-meson beam cannot be produced in a lab.

Limited World Data

* Photoproduction of omega mesons off Deuteron:
limited studies — limited world data.

Photon Coupling ratio of the vector mesons:

yp:yw:yqp:l:B:—S/fZ

« Assuming SU(3) and SU(6) symmetry.

Group

Gupta et. al. [SLAC]
Phys. Rev. D 14, 42 (1976)

Morris et. al. [NINA]
Nuclear Physics B119 (1977)

E, [GeV] t [GeVic?]

5.5

3.9

Comments

Low statistics. No
mass fit was possible

*Total Cross-section
measured: 1.4 £ 0.5 yb
*Coupling constant

ratio (rho/omega) measured

* The coupling constants provide understanding for EM form factors
of pseudo-scalar mesons and nucleons, EM meson decays, etc.

Understanding in the Perturbative Regime:

* Gluon exchange between hadrons at higher energies dominates hadron-hadron

total cross-sections.

« Jlab energy regime: Double scattering contributions are enhanced.
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Global Spectrum
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Cuts Applied

« Timing cuts made using momentum-

dependent analysis
* One “good photon”, |At|<1 ns

e« -37CM<K2Z <-13cm
vertex

b
» Fiducial cuts applied (=de +(
* Minimum Theta Cut

e Minimum Momentum Cuts
e Missing mass Cult.

» Bad SC Paddles removed.

@ [rad] ‘

0 [rad]

0. > 0.1

0 > 0.25

6, > 0.1

Particle | Sector 1 | Sector 2 | Sector 3 Sector 4 Sector 5 | Sector 6
-t 23, 27 11, 13, 23, 31 23, 33, 35 | 23, 29 23
> 43 > 45 > 40 > 46 > 46 > 4bh
N PR 11, 15, 16, 23, 31 | 23, 27, 35 | 20, 23, 20 | 23
> 41 > 41 34-36, = 41 =43 =43 = 42
P 23,27 |23 11, 22, 23, 31 23 23, 29 23
> 35 > 35 > 35 > 35 > 35 > 35
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* 4 incident photon energy and variable 4-momentum transfer bins.

Coherent w-meson Photoproduction off Deuteron CLAS coll. Meeting 03/30/2017



Yeeld Extraction Ey=[1.4,1.]

L LA R L | T =
aoF Ertifies M F 518 E Entries 5317
E ‘H‘Eﬂ :ﬁ F Mean 0.9205 soF. Mean 00426
E " C AMS 0.1462 E RMS 0.1396
= L /o a8 o 1 ndt 7073/ 65 E ! ! P 55.141 65
£ b 0. 7897 + 00002 - Marm 0.0845+ 0.1430 o Mo 126+ 0.16
E g .00 45k 0.0 274 r B 0.7833+ 0.0022 E n 0.7912:4 0.0024
0= L A48 8058 40 s 0.01311£ 0.00228 F Ta 0,015+ 0.013
£ R ~1466 028 - P, 56.14134.38 F P, —22.80+ 3210
a5 £} 1418+ 680 r Py -211.2+ 8386 E P —42 88+ BO.DE
] E L[” o C B, 209.8+ 626 n - LA 136.5+ B0.6
= o = ap|— = E
3 20— 3 C 3 F |] I'I
o E o o TF
155 a0 =
10 F =
F 10— E
s L 10
i1 1Yl [ EPPEP T S U I PR B | & Ll M IS TP e SPRT EPETETI IR B E ST A I D I
&5 oF 0.8 [ K] 1 11 1.2 Hg 0.8 o7 08 [iT:] 14 12 5.5 [T} oF 0.8 K] 11 1.2
MMy d, d) [GeV/c] MM(y d, d) [GeV/F] MMy d, d) [GeV/c]
= [T T8 T=[-T-36.-115] E = [TATEf V= 115, 005] = [ TA T8 T= e AT
F -ﬁen B4ES F Eniriez 12049 aanf— Enfriag 14320
: Mean D.857E 180 Maan 0.9683 F Mean 09568
120 RAMS 0.1381 F AMS 01441 200 RAMS 0.1537
L o= el #9.80/ 65 160 o ndf BS.77 /65 F 4=/ ndt 7242/ 65
- Manmm 1612+ 0167 E Harm 2429+ 0214 180 Mam 3.8+ 0.28
100l i 0.7BET £ L0022 E B 07831+ 0.0013 = u 0.7837+ 0.0011
L ) 0.015:+ 0.004 140 — T 001284 + 000142 160 oy 0.01344 + 0.00130
- P, 211.5+ 44.2 E R, 209.7+ 498 o —101.6+ BE.7
F P —T19.9+ 1212 120 Py —T1B.T7+135.4 160 1616+ 188.1
» 80— [ 630,53+ B1.7 n C N B40.7 + 90.8 » E 57.58+ 123.42
g - I " % 100 IF g 120 T
C F 80F-
sl 60— E
C = saf-
C 40— E
20— £ i ‘u:_
r 2L : f-
P! PRI DRV TR EPETErEri BRI R e . A IR IV SR EPEPETI IR B Evy | IR R
&5 (11} or [1F:] o9 1 11 1.2 E.E 0.8 o7 [ik:} o 1 141 12 &5 (11} 11 1.2
MMy d, d) [GeV/c] MM(y d, d) [GeV/c]
E, = [TATH] 1= [W7305T]
300 Enfies T7aTE asaf_
L Bdean 09419 E 08147
. . - RMS 0.1573 £ 0.1482
Yleld IS 2s0f- L/ ndt B5AT (05 300~ 133.7 165 . .
L 7.383+ D365 - 1039+ 0.41
i iy : omioows | It FUNCtIONS
r Y 0.0142 £ 00010 50— 0.01 403+ 0LDD0B1
extracted b zof- i — IR j
3 4B+ 219.4 E 960.7£ 228.3 VO I t
. . Jg L —85.40 % 144.85 % a0 —341.6+ 1511
taking integral = 3= N
. [ 50—
of the Voigt oo :
[ 100
function wf- o
| ! L
81_5 11 12 E.S 1.1 12

o J JdJddJd Jd JJ JdJdd J JJ JJJ J J I

CLAS coll. Meeting 03/30/2017



-~ D::Aperentcz! Cross—section

o J JddJddJdJ JJ JdJdJJ JJ JJJ I J I

Differential cross-section,

do YD Fw

dit ~ AAZ “Toir o

A = Acceptance
At = Width of t-bin
Yp = Signal Yield

Yeorr = Photon Multiplicity

Correction factor

Luminosity,

N

3

04,=0.169 gcm
[,=24cm
M,=2.014 gmole™ "
Ny(Ey)z Photon Flux

X f}/CO’f‘T'

N, (E,)
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S stematic Uncertiinties

« Systematic errors are calculated based on the relative difference between the

nominal and the variation.

Source Description Uncertainty
Flux Consistency/Luminosity | Flux per run/sub run and previous ¢10 results 8.00%
t-slope dependence Varied from b=25to b =10 0.04%
Sector Dependence Comparison of (da/dt)eeor versus Nominal 2.00%
Timing Cut Varied from a 3¢ to 3.5¢ cut 0.60%
Minimum |p| Cut Removed 0.52%
Missing Mass Cut Varied from a 3o to 2.50 cut 3.46%
z-Vertex Cut Varied from |z 4 25| < 11 to [z 4 25| < 11.5 0.73%
Fiducial Cut Varied from a 50% to a 100% cut 1.34%
Signal Integral Range Varied from 4o to Ho 0.10%
Choice of Background function Poll versus Pol2 8.59%
Branching Ratio PDG value 0.70%
Total Systematic Uncertainty (Added in quadrature) 12.54%

11
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D::Aperentczf Cross—section

Differential Cross Section of yd - wd Differential Cross Sectionof yd—wd
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* Pion exchange contribution
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* Coherent Photo- and Leptoproduction of Vector Mesons from Deuterium, Frankfurt et al, Nucl.Phys. A622 (1997) 511-537 12
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Summary
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The cross-section data provides sensitivity to the nucleon-
scattering data in the energy and momentum transfer range
mentioned.

First high statistics world data for the reaction: yd 2 od

dO- B . .
e bl as expected for a diffractive process.

Analysis under Review.

Next steps would include:

- Collaboration with theorists focusing the kinematic regime
under investigation.

- Paper for publication

— o meson photoproduction.

- d* Interference.
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Differential Cross Section of yd — pd (SLAC)

| [yd—pd y
el t B =6GeV r’ -
| 4 E,=12GeV i / :
- y ]
i } E, =18 GeV ) i
— FSlIncluded /o
10° £ / /
- v

—
o
Y

‘:';l’{E ) [nb/(GeV/c)]
]

—
.
] IIIIIIII

——
|
1

!

1
s
\

LY
S
]

L 11 ||I|I|

] IIIIIII|
—_—
Y
-
——
—
LY
—
Illl-
\
S,
H\"'\-\.
e
| IIIIIII|

102 (< 10) / =
— - i p =

= 3 — .

- e .
WE (x1) E
- ]
TEL 1 | | 1 1 | L1 1 | | 1 1 | | I | | | [ =
=1.4 =1.2 =1 0.8 0.6 =0.4 0.2 0

t [(GeVic)]

Using Calculations provided by M.Sargsian.o

Coherent w-meson Photoproduction off Deuteron

CLAS coll. Meeting 03/30/2017



o J JdJddJd Jd JJ JdJdd J JJ JJJ J J I

I nter«p erence

Bzck-'up

Data: MM(y d, t't) vs MM(y d, d)
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I nterp erence
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Plot Description
The 2D histogram is made after basic cuts are applied to the data.
Plot on the left is the y-projection of the 2D histogram. It is the

mass distribution for the n° and the outgoing d.

Plot on the right is the x-projection of the 2D histogram. It is the
mass distribution for n* «" n° or the @-meson distribution.
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~ Previous Studies Bﬂck"“P

)

~  Group E, [GeV] t [GeVIc?] Comments

=

=~ Gupta et. al. [SLAC] 5.5 - Low statistics. No

~ Phys. Rev. D 14, 42 (1976) mass fit was possible

= Morris et. al. [NINA] 3.9 - *Total Cross-section

= Nuclear Physics B119 (1977) measured: 1.4 + 0.5 ub

-~ *Coupling constant
ratio (rho/omega) measured

)

D

=)

)

=)

D

)

)

)

=D

)

=D
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Lab Angle vs Momentum Bacil—up
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Investiqated Channels

yd > pd » " n d

p(770) 11

p(770) DECAY MODES

Mass m = 775.26 £ 0.25 MeV
Full width ' = 149.1 + 0.8 MeV
[ee = 7.04 £+ 0.06 keV

Scale factor/ P
Fraction (I;/T) Confidence level (MeV/c)

I

~ 100 % 363

yd » od » a7 d (7°)

w(782) 16(PCY = 0—(1— )

Mass m = 782.65 &+ 0.12 MeV (S = 1.9)

Full width I = 8.49 £ 0.08 MeV

Mee = 0.60 % 0.02 keV

Scale factor/ p

w(782) DECAY MODES Fraction (I';/T) Confidence level (MeVc)
ot a— a0 (89.2 +0.7 ) % 327
w0~ ( 8.280.28) % 5=2.1 380
rta~ (1531010 5=1.2 366

a Bacil—up
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Coherent @w —Meson Photoproduction oL L Deuterium Taya Chetry

= Kenneth Hicks
(q20 Data) Ohio Universit

Differential Cross Section: yd - o d

Differential Cross Sectionof yd > oo d
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? :  Differential Cross Section Results for
1 : yd — wd are presented.
¥ 1 i f « Result shows diffractive nature as
- expected.

¥ | | | = Results are compared with
i [ ] ' (preliminary) )theoretical calculations
i 1 I ] provided by M.Sargsian (FSU).
; : t 1 | « Analysis note under REVIEW.
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