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Useful applications of Elementary Operator
Motivation (traditional)

Elementary Operator is required for:

@ On the nucleon:

study coupling constants gxan and gxsn
study N*, Y*, and K* resonances — “missing resonances”
investigation of hadronic form factors
investigation of e.m. form factors
Gerasimov-Drell-Hearn sum-rule
@ On the deutron:
o study AN and N potentials
@ On heavier nuclei:

e quasi-free: study A(X)-nucleus potentials
@ bound states: study hypernuclear production (e.g., hypertriton)
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Data consistency
Motivation (new)

@ data discrepancy
@ missing resonances
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PART 1

The y+p — KT process
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Formalism
@ Background Amplitudes
e constructed from appropriate Feynman diagrams:
¥ LKy o K Ty Koy LK
o KKK
- % A P o A pHL‘HL" A

A P
A X0
(b) (@

(a)
e gauge method : Haberzettl
e gauge form factor (Davidson & Workman):

F(s,tu) = Fi(s)+Fi(u)+ Fa(t)— Fi(8)Fi(u)
—F1(s)F3(t) — Fi(u)F3(t) + F1(s)F1(u)F3(t) ,
with: "
Filx) = N+ (x—m2)2’ .
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Formalism

@ Resonance Amplitudes+
Breit-Wigner form:

I

fra(W)Ta(W)Mp fir(W)
M"% - W2 - iMthOt( W)

A?i( W)= 'Z\fi Cky

with the electromagnetic vertex:
2041 v
kW) ( X2+ k2 )

fo=|[-2 -2 TR
4 < k,q X2 + kﬁv
the and hadronic vertex:
1 Ky my Ty ]/ W2 — mj,
fkr(W) = | 5= e . kw = —
2j+1)x|ql W TZ, 2w y
;W;

T Drechsel et al., Nucl. Phys. A 645, 145 (1999)
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Formalism
Formalism

with the partial width:

2041 2, 2\
Fky = BkTr (‘C") 7X2+ q’; Wa .
ar Xe+qg w

and the total width is the sum of 'y and the “inelastic” width

20+4 2 o\ +2
_ , 1 [e03 X+ aq
rtot—rKY‘i'rln 5 rln—(1 ﬁK)rR<qo> <X2+C],2,> .
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Try to use all nucleon resonances — 15

RESONANCES UP TO ¢ = 4 WITH THE CORRESPONDING PROPERTIES

FROM THE REVIEW OF PARTICLE PHYSICS.

Resonance Mg Tr Br Aqy2(p) Aszpa(p) Overall  Status
(MeV) (MeV) (1073 GeV~1/2) (1073 GeV~/2) status seen in KA
Su 1650 150 0.027 £ 0.004 +53 £ 16 - ok ok
2090 400 - - - * -
Py 1710 100 0.050 £ 0.020 +9+£22 - Hork *k
2100 200 - - - * -
Pi3 1720 150 - +18 £ 30 —19+20 ok ok
1900 498 0.001 £ 0.001 - - Hk -
D3 1700 100 - —18+13 —2+24 ok ok
2080 450  0.002 £ 0.002 —20+£8 17+11 *k *
D5 1675 150 - +19+8 15+9 kK *
2200 130 - - - Hx *
Fis 1680 130 - —15+6 133 +£12 kK -
2000 490 - - - Hk *
Fi7 1990 535 - +30 £29 86 & 60 ok *
Gir 2190 450 - —55 +81 kK *
Gie 2250 400 - - - Horkk -
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Experimental Data — 3 data sets

EXPERIMENTAL DATA SETS USED IN THE ANALYSIS (INDICATED BY +/).
OTHER DATA ARE ONLY USED FOR COMPARISON.

Name Observable Symbol N Fit 1 Fit 2 Fit 3
SAPHIR 2004 Differential cross section do /d§) 720 Vv - v
Recoil polarization P 30 v - v
Total cross section Tiot 36 - - -
CLAS 2006 Differential cross section do /dQ 1377 - v Vv
Recoil polarization P 233 - 4 V4
Total cross section Ttot 78 - - -
LEPS 2006 Differential cross section do /dQ2 54 Vv Vv v
Photon asymmetry 2 30 Vv v Vv
OLD Target asymmetry T 3 - - -
Total cross section Tiot 24 - - -
Total data 834 1694 2444
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Results
Numerical Results

Contribution to x? shows:
@ CLAS data are internally more consistent
@ LEPS data is more consistent to the CLAS ones

CONTRIBUTION TO X? (IN %) FROM INDIVIDUAL DATA SETS.

Name Observable N Fit 1 Fit 2 Fit 3
SAPHIR 2004 Differential cross section 720 84 - 39
Recoil polarization 30 3 - 1
CLAS 2006 Differential cross section 1377 - 74 45
Recoil polarization 233 - 17 9
LEPS 2006 Differential cross section 54 10 7 5
Photon asymmetry 30 3 2 1
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Which resonances are important?

e Define: Ay? =

2 2
e — XA
2

All
o Different data sets need different resonances
e All data sets require the D13(2080), whereas the Py1(1710) is less significant

x100% — LARGER IS MORE IMPORTANT
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Par

Differential Cross Sections

Fit1, Fit2, Fit 3

Results
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Results
A\ Recoil Polarization

— not a decisive observable

p(v.KHR
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Results
Beam and Target Polarizations

e Beam asymmetry — large variation at backward angles
e Target asymmetry — large variation & models cannot explain the (old) data
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Total Cross Section

e All data shown here were not included in the fits
e Total CS data are consistent with their differential CS
e Including all data sets does not explain all data sets
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Where the 2nd peak originates from?

e All data sets agree — D;3(2080) with a mass of
1915 MeV (CLAS) or 1936 MeV (SAPHIR)

G ot (Ub)

S o (Hb)
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PART 2

Gerasimov-Drell-Hearn Sum Rule
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The statistical differences have been also studied [P. Bydzovsky and
T.M., Phys. Rev. C 76 (2007) 065202]

Question: Is there any observable that can be predicted by the data
and can be compared with other measurement/prediction?

Answer: The Gerasimov-Drell-Hearn (GDH) Sum Rule
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GDH in one minute

Particle Data Book dictates that x, = 1.79284739
The GDH sum rule says:

m2 = dy
_ b
b = 271'206/\/0 v [0'1/2(")—0'3/2(")] )

o03/2 and oy 7 indicate the cross sections of y+ p — everything for the
possible combinations of spins of proton (1/2) and photon (1).

Let’s define
2 2
K m > dv
I - PP / — V) — v
GDH 4 8o ) v [01/2( ) c73/2( )}
2
m ~ dy
[0
- —orr(Vv).
4r2a Jv, v (V) e
'x"v)‘.-'
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Total Cross Sections and Igpy

lopu (1b)
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More structures in oy
indicating that the res-
onances contribute with
the same order of mag-
nitude.

ICTP 2008, Trieste

o=

21/36



Total Cross Sections after including Cx and C,

o (ub)

Model

lopu (1b)

MAID
Fit 1x
Fit 1ax
Fit 2x
Fit 2ax

1.247
1.140
1.380

—0.642

—1.181

~O1p: (1b)

tain

E, (GeV)
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Kaon Photoproduction

Less structures in orp
indicating that only cer-
resonances con-
tribute to this process
— Cx & C; reveals im-
portant resonances.
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Example of the C, data
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Resonance Contribution to the Total Cross Sections
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T.M., arXiv:0803.0601
[nucl-th];  Few-Body
System 2008 (in
press)

S41(1650), Py1(1710),
P13(1720), P13(1900)
resonances are impor-
tant

in agreement with
other studies
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Our finding shows
@ SAPHIR and CLAS data yield very different Ispy
@ Measurement of orr is recommended
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PART 3

The y+ N — K% processes
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Isospin Channels

There are four isospin channels:
o j/—l—p — K+ZO
@ y+n— KO¥O
° y+p— KoLt
@ y+n— KL~
with the amplitudes
= LA1R) L 2 AR2)
— A2 4 2 A®/2)

A(yp — KT20)

A(yn — K°%9)

Alyp— K°s+) = V2 [pAU/z) -1 A(S/z)]
)

Alyn— KtE™) = \fg[nA(1/2)+%A(3/2)]

R
S

where pA('/2) and ,A('/2) the proton and neutron helicity photon
couplings
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@ Use the same formalism for the multipoles

@ LEPS coll. provided for the first time the K™%~ channel

[H. Kohri, PRL 97, 082003 (2006)]
@ Itis now possible to use the above relations (min. 3 channels)
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Par

Nucleon Resonances Used = 6

TABLE 1I: Nucleon resonances up to [ = 4 considercd in this analysis with the corresponding

properties from the Review of Particle Physies [9].

Resonance Mp® T'p® B3i(%)"
Statnus (MeV) (MeV) (1073 GeV~1/2)
Dy(1700)  1650- 1750  50-150  5- 157 —18£13
A 1700 100 85 - 0£50
0.0 L0
ciafh
Pu(1710)  1680- 1740 50-250 10 +9+£22 -
i 1710 100 40 - 907 -2+ 14 -
6.2+ 107
KA
Pyy(1720)  1700- 1750 150-300 10 +18£30 —19£20
b 1720 200 > 70 +1£15 —29 £61
FESU
141554
G(2100)  2100- 2200 300 - 700 0-207 - -
#rex 2190 500 0£17
Hy(2220)  2200- 2300  350-500  10-207 - -
bt 2220 100
Gy(2230) 2200 - 2330 230 - 800 5-157 = -
16y 2275 500

niversitas Indonesia)

Kaon Photoproduction
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Delta Resonances Used = 7

TABLE III: Delta resonances up to { = 4 considered in this analysis with the corresponding
properties from the Review of Particle Physics [9]. Note: lRamgo (first row), average (second row),

*decay mode is given.

Resonance Mg® ry® 5(%)"
Status (MeV) (MeV)
Dy (1700) 1670 - 1750 200 - 400 10 - 207
HERY 1700 300 80 - 907"
Fiys(1905) 1865 - 1915 270 - 400 9- 157 +26+11 —45£20
e 1890 330
Py(1910) 1870 - 1920 190-270 15 - 307 +3+14 -
i 1910 250
Py3(1920) 1900 - 1970 150-300  5-207 +40+ 14 +23 £ 17
tex 1920 200 2140.3%=
Dy5(1930) 1900 - 2020 220 - 500 §-157 —-9+28 -18+2
Lk 1960 360
Fy7(1950) 1915 - 1950  235-335 35 - 457 —76+12 —97 £ 10
b 1930 285
Hyqa(2420) 2300 - 2500 300-500  5-157 - -
o 2420 100
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Experimental data — 2816 data points

TABLE IV: Experimental data sets used in the present analysis.

)\

Name Year Observable Channel Symbol N Ref.
SAPHIR 2004 Differential cross section p— K50 der [ dS) 660 [15]
Recoil polarization p— KTt o 16 [15)
CLAS 2004  Recoil polarization p— K0 P 168 [16)
SAPHIR 2005 Differential cross section 1 — KTt do /2 120 [17]
TRecoil polarization Ap— KT P 10 17
CLAS 2006 Differential cross section p— K50 de [ d) 1280  [18]
LEPS1 2006 Differential cross section p—+ KT do /dQ) 78 [19]
Photon asvmmetry p— K80 30 [19]
LEPS2 2006 Differential cross section p— KT 2 [20]
Photon symmnetry i ey % [20]
Differential cross section m— KtE- T2 [20]
Photon asymmetry m— KTE- 36 [20]
GRAAL 2007 Photon asymmetry p— Kt 42 [21]
Recoil polarization 1 — KtZ? 8 [21]
CLAS 2007  Beam-Recoil Asymumetry p— KTl 94 [22]
Beam-Recoil Asy p— K5 042
Total data
¢
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Result
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Result
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Result
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Result
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Summary

@ Different data sets require different resonances.
@ The *** Py1(1710) is found insignificant for the yp — K*A.

@ All data sets need the D;3(2080) with a mass ~ 1915 — 1936 MeV
to explain the second peak in cross sections at W ~ 1900 MeV.

@ SAPHIR and CLAS data yield different KA contribution to the
GDH sum rule.

@ Measurement of orp is recommended
@ A new model for 4 KX channels has been created.
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