Nucleon swelling and Compton scattering

M. Y osol

Problem of “He point nucleon density distribution
Variable proton sizein CMD calculation
Quasifree Compton scattering




Different effective masses for nucleon

non - relativistic [2i P’ +U(r,&)lws = ewq
m

Ug =V +1W,
. Ms() =1- divS () (conventional effectivemass)
m
m(e) :
- =[1+ k k Velidve  (effectivek - mass)
. M) =[1- ivs]k:k(g) (effective E - mass) ms(¢) _ mle) mie)
m os m m m
relativistic [a-p+y,(m+U_+yU,)]¢=Es OCD base
. M :1+V—“ (Dirac mass) « NL
m m f1f ~m /m
. M (<) =1—ive(g) :1—£ (Lorentz mass) ~m, /m, ~mg/m
m de m e QCDsumrule

(Schroedinger equival ent)



Nucleon form factor (or size) in nuclear medium
Isit changed from free nucleon?
(medium effect other than mass shift)

elastic

probe ‘/ | |
\q [interaction x form factor]
| @)
nucieon \ F(qZ):l_%q2<r2>+ ......

quasi-elastic

If the exchange particle is a hadron
- medium effect of itself
photon > MEC
gluon ?
FSI (final state interaction) effect
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Fiti 1. Modelmdependent charpe disiriburssas S *He and . 4
SHe exiracted Bom experiment. Ripoofuosd feas MeCaniy o af FIG: 2. Pomnt-profon densty destribution for “He obtamed by
[1], wise sinic that “the cxiveme fimiis of p{r} cove the staisticl, unfiolding ilbe free proton form feetor, allowing for meson exchange

sywiematical a5 well 55 the compleleness emmor of e data ™ cofrections and relativestic effects. Reprodwoed from Sick [2]



Nuclear density distribution

[ Experiment] (e,€') or u-atom
| < model-independent analysis
charge density distribution
foldp,+ MEC 1 | < unfold proton charge distribution p,,
point proton density distribution
1
ground state wave function
Tt €& Green function MC, etc.
(many body) Schroedinger eq. (Dirac eq.)
1
[ Theory] NN interaction (2-body, 3-body)

Usually unfold (fold) the charge distribution of free proton
- If proton is“swelling” inthe nucleus, ......7?



Point nucleon density distri

Fh2(q?)

Fourier tr.
r’# ﬂhx'\
A ;‘ 5
\ )
v \
10 q2

oution in “He
experiment
T :

Pa(r) = [ p(r) o, (r —r")dr

<rg >"?=0.83fm




Usually it is due to MEC (meson exchange current)




Chromodieectric Soliton Model

FIG. 1. The scalar field, oo (r) of Eq. (16), from which the
single-quark wave functions are generated, for four different
values of the deformation parameter a between 2 fm and —2
fm. The fields correspond to the parameter set with f = 3
and ¢ = 10000, and are shown with equal increments between

adjacent contours.



Variable rms proton charge radius
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FIG. 3. Proton rms charge radius 7, of Eq. (1) as a function of
internucleon separation. The line labeled CDM 1s the calculated
chromodielectric model result. The dashed line 1s a Gaussian ap-
proximation, normalized to the free value, with a size parameter
given by Eq. (3)



Folding variable proton size to the point
proton density distribution

assume Gaussian distribution — a(r")=2/3r,(r").

2-nucleon pair charge density
ppau(r 1jr) = {5 EXp —‘F—F-lszz fj)]
8, pexpl — |r—r|*/b*(r; )]}/ﬂ'mb (757)
Independent pai I approzimation

Pen(7)= 2 dS?":‘f dEFj fZ(rﬁrj)ppair(ri:rj;r)-

.Hi_,i

foryrm)= j | ﬂb(ﬁpf‘z:?’;aﬂi)‘20}3?"353?4 .



“He dengity distribution
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FIG. 4. *He density distributions: The dashed line is the point
density from a parametrized Green’s function Monte Carlo calcula-
tion. The curve labeled ‘“‘free proton’’ is the charge distribution
obtained from a Gaussian proton charge distribution with a fixed
size parameter (as 1s usually done). The curve labeled ‘‘variable
proton size’’ uses the Gaussian fit of Fig. 3. We also indicate half
the normal nuclear density 0.17/2 fm =3,
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“He(y,yp)*H in VD energy region

,Yi

Pl Yo

(1) !

P,p?//JH"

1 Pomeron (multi-gluon)

p

&

-
p"

1SI, FSI: small
no MEC ?

E, >> Eeyp

do/dt

Polarization observables



Quasifree kinematics

Target nucleus (Ty+m rli‘l}f
(Tytm , k) 3 — __,/"’ﬁ‘nhe
G—# ﬁ - — 10,9,
probe
(0,.9,)

E =

T,—(T,+T,+T,)



vp — yp dataabove GeV energy (1960's-1970’s)
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Compton scattering for nuclear target (coherent + incoherent)
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after 1990, many precise yp — yp below 1 GeV

-> Nucleon polarizability
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|dentification of Compton events
coi hcidence measurements of scatted-y and recoil-p

0

T contribution
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Co-planarity is important for Compton and r, Separation



Detection system (by T.Suda)

Dipole Magnet

recoil
proton

ams e EE

&= smamesmewssssss =

v -beam

converter

chamber
wire chamber

MMM  plastic scintillators

y -detector




Yield estimation

do/dQ) ~ 1 nb/sr
Ny ~ 107 /sec
Nt ~1 mol
->Y=0.006 AQ (AQ~1 9)

need one order high intensity to divide Ey intol0 energy bins
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