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Kaon Form Factor

¢ Simple valence structure of kaon is ideal test to our understanding of bound quarks

* Higgs mechanism is not sufficient to explain the kaon mass kd QCD dynamics !

e

K+
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Kaon Form Factor

¢ Simple valence structure of kaon is ideal test to our understanding of bound quarks

* Higgs mechanism is not sufficient to explain the kaon mass kd QCD dynamics !

e

K+

© QCD dynamics is studied in exclusive nuclear reactions

> Hadron constituents, charge distributions, currents, color and flavour within the hadrons are encoded
in the form factors
_th

(t — mg)?

In single virtual photon exchange : 07 g,%NN(t) F12<(Q2, )
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Direct Measurement

Used kaon beams (Fermilab, CERN) in the elastic scattering on electrons from nucleon targets, Q2 < 0.13 GeV?

d d
» The cross section departs from point-like reaction by the form factor =2 (= | Fr(0?%) B
dQ? dQ? )"
dF (0
dQ?

> Allows the extraction of charged kaon radius < r2 > = —6

2—()

Amendolia, et al., PLB 178, (1986) 435
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Direct Measurement

Used kaon beams (Fermilab, CERN) in the elastic scattering on electrons from nucleon targets, Q2 < 0.13 GeV?

d
The cross section departs from point-like reaction by the form factor e t \FK(Qz) \2
dQ? \do?)"
dF . (O?
Allows the extraction of charged kaon radius < r12< >=—0 ;f;g )
2—()

Amendolia, et al., PLB 178, (1986) 435

% T Our projected data
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Indirect Measurement

In the limit of small-t and large W, the kaon is produced in the t-channel exchange of the meson pole term

> Interaction with “kaon cloud” is sensitive to longitudinal cross section (o7) N X
” Interaction with “core” (p/\/2°) is sensitive to transverse cross section (o7) /

» JLab kaon form factor measurements to higher Q2>0.3 GeV?

> Detector acceptance allows for simultaneous of K*A and K+2° channels

)
N(p) N(p’)
O 8 | | ]
X Amendolia K—e elastics
B Carmignotto JLab Fm—-2
0.6 - —
['.'r.qM
0.4 - -
o
¢ JLab E12-09-011 (Analysis in Progress)
0.2 Davies et al Lattice [
i Gao et al Dyson—Schwinger
i [ |
Hutauruk Cloet & Thomas BSE+NJL
K charge radius fit
O-O | I I I
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Q* (GeV®)
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Longitudinal-Transverse (L-T) Cross Section Separation

@ L-T Separation can be utilized to separate o; from o

polarization of virtual photon —0%=(p, —p,)* / reaction plane
E.— E.)* + Q2 0. X
e—(ll2( Q2)+Qtan22)

© Cross-section is separated by performing two scattering

measurements at different € values with fixed Q2 and W,

with full ¢p, coverage

© Meticulous evaluation of the systematic uncertainties is important due to the 1/A¢ t = (p, — P’

amplification in the o; extraction: spectrometer acceptance, kinematics, and efficiencies.
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Kaon L-T Experiment in Hall C

== 4 ™

Z= W To Beam

”
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Event Selection Using Calorimeter and Cerenkov Detector

4 N [ N

© Select the recoiled electrons in the HMS by setting © Select electrons in the Cerenkov detector by setting

the total energy deposited in the calorimeter the total number of photoelectrons > 2

normalized by the particle’'s momentum > 0.5

e | ‘H“ w | N ||Wi'1 1 " W
\ jf M’MWK W ‘ MH m |‘ ¥ ‘ 1 | pn‘ WW Wﬂl | WW ]

0 02 04 06 08 1 12 12 16 18 2 0 1 > 3 4 5 5 7 8 9 10
\ HMS Cal/ k HMS Cerenkov NPE /
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Event Selection Using Timing Measurements

4 N (. N

@ Coincidence Time = HMS Time — SHMS Time, © RF Time is the time difference between the SHMS
corrected for particle type using time of flight for time, adjusted for particle type using time of flight, and

electrons (HMS) and kaons (SHMS) can distinguish radio frequency (RF) time signal from the accelerator

between real and random events

------------
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-
»
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( Missing Mass = \/(Ee +m, —m, — Ee.)* — (P, — P, — Pr+) )
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Phase Space for L/T Separation

-
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© The For the L-T separation to be feasible, there must be

an overlap in the (Q2,W) phase space of both € values
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cross section: oy 1, o7y We require a full azimuthal

or the determination of the interference term in the

coverage at all -t regions

(Scattering, Reaction)

k plane Angle ¢ : Left| |Center| |Right
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Missing Mass

© The N\ and 2 particles are reconstructed using the conservation of energy and momentum

Missing Mass = \/(Ee +m, — m, — Ex)* — (P, — Do — Pi+)

£ B P —— Data
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Yields Normalization

© To evaluate the cross section, we need to correct the measured A and 2 yields in data

32,655

0999

0.992

Data x factors 0973
Ratio — 0.9
SIMC 0.982
0.999

0.992

0.979

0.995

Ongoine

Ongoine

© Subtract statistically dummy runs from production data
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Data/SIMC

Data/SIMC

Data/SIMC
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® The Data/SIMC ratios look good for the p(e, e¢’K™)A channel
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© Azimuthal modulations in the curves are due to the LT and TT interference terms — models not yet included
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Cross Section Extraction Method

dZU dUL dO-T

o Simultan Fit of the un rat r tion with : P = €—— T ——
© Simultaneous Fit of the unseparated Cross sectio ndtdd) € T T

Gxtraet cross section for each of the virtual photon polarizations L, 1, LT, >

-t = 0.078 (GeV/c)?

el L=0.421+0.079
— Ht{lowe) T=0.583+0.044
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Cross Section Extraction

p(e,e’ KA p(e,e’ KX

-t = 0.078 (GeV/c)? -t = 0.090 (GeV/c)? -t = 0.097 (GeV/c)? -
0.20 . L=0.421=0.079 0.20 L=0.072+0.073 0.20 L= 0.093=0.083 -t = 0.110 (GeV/c)? -t = 0.126 (GeV/c)? -t = 0.137 (GeV/c)?
At {Low ) T=0.583+0.044 T=0.80 ' +0.041 T=0.89820.047 012 L=-0.04320.048 012 OB oe5 0.12 = 0.00720.057
0.181 — Fit(Hghe) LT=-0.01320.011 0.18 1 LT=-0.03" +0.010 0.18 T=-0.01420.011 — Fit (Low g) - 10 —02 - 20,
01320 037::0. 01420 : T=0.223+0.028 T=0.202:1.028 T=02280.034
¢ Lowe TT=-0.042x0.024 T7=0.024+0.022 TT=-0.055%20.024 0104 — Fit (High g) LT=-0.025+0.006 0101 LT=-0.041+" 006 0.10 LT=-0026+0.007
0161 & Hghe 0.16 - 0.16 4 * ® lows TT=-0024+0.014 TT=-0.001+0 014 TT=-0 080+0.017
b2 = \ ~ ¢ Highe
5 014 3 0.4 ' > 0144 + — 0.081 — 0.081 — 0.081
3 0121 ' 3 0121 ¢ 3 0121 “ 5 0.061 S 0.061 S 0.061
S s[8 o e E 3 +
% 0.10 4 R 0.10 - % 0.10 4 o2 ¢ i 2
¥ 004 * 0.04 i | kﬁ * 0.04 4
0.08 4 0.08 - 0.08 4 - ,1. 1
002 - ¢ 0.02 0.02
0.06 0.06 0.06 B ]
L T T T T T T pr—— _— T T L T T T L T T T T
0 50 100 150 200 250 300 350 0 51 100 15¢ 200 250 300 350 0 50 100 150 200 250 300 350 0.00 - : . r ' . Y 00 . . ' . . . . 0.00 . . . . . : .
$ [deg] ¢ [deq] é [deg] 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
) ¢ [deg] ¢ ldeg) ¢ [deg)
t = 0.103 (GeV/c)? t = 0.110 (GeV/c)? t = 0.120 {GeV/c)?
0.20 ( ) L=-0.073+0.084 | e 'un : ) L=0.050+0.080 e ( L=-0.00420.072 012 t = 0.148 (Gevic) 12 :t = 0.168 (Gev/c)
T=0.855+0.048 T=0.771+0.047 T=0.746+0.043 L=-0,09720.06 L=-0.027+0.062
0.18 1 (T=-0.024+0.011 .18+ LT=-0.044+0.010 0.18 1 LT=-0.03520.009 T=0.30520037 T=0.250+0.039
TT=0.099£0.02" TT=0.138+0.024 TT=0.103+0.022 0.10 1 *-0.0200.007 0.10 1 LT=-0.051+0.007
0.16 1 + I 016 0.16 4 I 0.099%+0 TT=-0.177+0.018
~ ' ] ~ + 2 — 0.08 4 — 0.08 1
E 0.14 4 + | | | 3 0241 E 0.14 4 g + <
3 s G S
g 0121 + + 3 0121 + § 0121 g 0.061 + ; § 0.6
iR 0.10 - + + R 0.10 - + R 0.10 1 34 S
' ‘ ' "% 0.04 1 + "5 0.04 -
0.08 4 0.08 4 0.08 1
002 0.02 -
0.06 4 0.06 0.06 4 '
. . . . . ' . . . . . . . ' ' . ' ' . . . 2.00 . . i i i . . - . . . . . . J
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 S0 100 150 200 250 300 350 ) S0 100 150 200 250 300 350
¢ [deg] ¢ [deg] ¢ [deg) ¢ [deg] ¢ |deg)
020 -t = 0.139 (GeV/c)?
' L=-0.022x0.067
T=0.72320.042
0.18 1 LT=-0.055£0.008
TT=-0.15320.021
0.16 4
3 0144 +
]
g 0121
i
' ¢ B[ owe=0.451
n
0.08 4 .
B High € = 0.697
0 50 100 150 200 250 300 350 .
— Rosenbluth Fit

© 6, decreases with -t in the p(e, ¢’K™)A channel

© Azimuthal modulations in the curves are due to the LT and TT interference terms
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L-T Separated Cross Section

| p(e,e’ KA |

Q2 =0.5 GeV2

W =24 GeV

|
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© Fit the separated cross sections, then extract the new model parameters

= Model Fit
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© Update SIMC models, then check if the Data/SIMC ratio and kinematics are improved
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Data vs. SIMC kinematics

18

e Data
- SIMC
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Current SIMC models describe the data well
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Comparison of p(e, ¢’K™)A Cross Sections to theory prediction

p(e.e’K*)A Nacer 25dec03 Q*=0.50 W=2.40

/ \ Brauel Q?=0.70 W=2.21 o ... rescaled: Q”° and (Wz—rnpz)‘2
0.8 . ' 3 . ' Yy
© VGL Regge Model [Phys Rev C 61(2000)025204] | | ] o
__ 0.6- -
kaon t-channel + Nucleon pole in s-channel. O l 3 2- i
. 0.4- — N
Model is evaluated at precise kinematics of data E 3 1
s 0.2- -
~ I 17 -
> 00- I h I L- i"!! 8
© Brauel published unseparated cross sections, and H {
: : : — o
are much higher (scaling only approximate) 020 5 25 3. Cdk® 5 25 35
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0.45 . . i 0.8 . .
I
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& o 0.4- -
N e
< Lo
30.15 3
> - = E
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0 - _
30007 15, - S s :
\ / -0.15 | | -0.4 | |
05 A5 29 DO 05 A5 29 .
-t (GeV?) -t (GeV?)
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Comparison of p(e, e'’KH)X' Cross Sections to theory prediction

p(e,e’ K"
Nacer 25dec03 Q*=0.50 W=2.40
/ \ Brauel Q*=0.70 W=2.21 Oypryr TESCaled: Q~°® and (Wz—mpz)‘2
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Summary & Outlook

© First measurement of the p(e,e’K+)A,2° polarized cross sections at this kinematic Q2 = 0.5 GeV2, W = 2.4 GeV
¢ Finalize the optimization of cross section models, and if data allows extract the form factor
¢ Evaluate the coin time blocking factor per run and include it in the yield normalization

© Evaluate systematics uncertainties on the measured separated cross sections

or(y*p = K*Z0)
or(y*p — K*A)

© Measurement of to probe the reaction mechanism

© This talk focuses on the measurement at Q2 = 0.5 GeV?2, also ongoing analysis up to Q2 = 5.5 GeV?

© This is first attempt to measure kaon form factor indirectly, this measurement can only be done at JLab Hall C
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Cross Section Extraction Method

o. vs —t (shape comparison)
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>Y/A Ratio
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FIG. 8. (a) A plot of the ratio of the cross sections for the K* =" and K* A channels as a function of 1/w for data with
6* <15°. The solid curves are the upper and lower limits of a parton-model analysis due to Nachtmann (see Ref. 20).

(b) A plot of the ratio of the cross sections for the K* =" and K* A channels as a function of @2 for data with 6*< 15°,

-
—

© A simple parton model [NP B74(1974)422] is built to explain the surprisingly large drop in the 29/A Ratio with Q2

® Measurement of GT(ZO)/ or(A) at Q2 = 0.5 GeV? is an opportunity to test this prediction, which is related to

the electron-nucleon DIS structure function ratio F{*”/Fi’*p
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Cross Section Extraction Method

Data/SIMC
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© Simulation Fit of the unseparated Cross section with : k
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Empirical Model estimates cross section
at a point kinematics
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Extract cross section for each of the virtual photon polarizations L, 1, LT,
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