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ABSTRACT IN ENGLISH

Meson cloud and strangeness contributions to the EM form factors of octet baryons
are studied in the perturbative chiral quark model (PCQM) with the predetermined
quark wave functions, in which the relativistic quark wave functions are extracted by
fitting the theoretical results of the proton charge form factor to the experimental
data. It is found that the meson cloud contributes about 10% to the magnetic
and charge form factors of charged baryons. The K meson contributions to the
magnetic moments of the light hyperons are important, but the contribution from
the n meson is negligible due to the weak coupling between the s current quark and

7 meson.
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Chapter 1

Introduction

The study of the nucleon electromagnetic (EM) form factors is a very important
first step in understanding internal structure of nucleon. Experimentally, EM form
factors and related properties (magnetic moments, charge and magnetic radii) of
the nucleon have been measured precisely. Recently, EM form factors have been
studied in cloudy bag model [1, 2], chiral perturbation theory [3], various relativistic
quark models [4-6], Lattice-QCD [7, 8], in which the theoretical results are com-
parable with experimental data. In our previous work [9], the EM form factors
of octet baryons have been studied in the PCQM with the more reasonable quark
wave functions as shown in Fig. 1.1, which have been extracted by fitting the PCQM
theoretical result of the proton charge form factor to the experimental data. Our
results on the Q2?-dependence of the theoretical EM form factors based on the deter-
mined wave functions in the region Q% < 1 GeV? are consistent with experimental
data. More details could be found in Ref. [9]. In this work we focus on investigating

meson cloud and the strangeness contributions to the EM form factors.
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Figure 1.1: Normalized radial wave functions of the valence quarks for the upper
component g(r) and the lower component f(r) with the central values of the expan-
sion coefficients, which are determined by fitting the theoretical results of proton
charge form factor to the experimental data.



Chapter 2

EM form factors in the

PCQM

In the PCQM, the charge and magnetic form factors of octet baryons in the Breit

frame are defined by

n in o
X XB.GR(@Q%) = B(¢0|Z_;)n!/6(t)d4xd4x1...d4xne a

<T[LY (21) - L1 (20) 5 (@)]l00)e

7 7 - " —iq-T
X /WXBSGEI(Q2) = B<¢0‘25/5(t)d4zd4x1...d4xne q

n=0

<T[C] (1) - L] (n)](@)]do)?

Here, GB(Q?) and G%,(Q?) are the charge and magnetic form factors of octet

baryons. mp is the mass of baryons. xp, and XJJTBJ are the baryon spin wave

functions in the initial and final states, & is the baryon spin operator, and j* is the

electromagnetic current

"= g4+ e gl + S5,
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where

gy = vy Qu, (2.4)
b= {fgw {jﬂ 30", (2.5)
Jve = |:f3ij {8/4 Ly N, (2.6)
5t = Bz - 1o o)

where Q is the quark charge matrix Q = diag{2/3,—1/3, —1/3}, and the renormal-

ization constants Z and Zs are defined as

5 4 9 1 2 1
7 - 1- 427TF / dkk F[(k)Li(kz)+3w?{(k2)+9w%(k2) L (2.8)
5 4 472012 1 1
7, = 1 (%F)Q/O ik F,(k)[w%(m)—kgw%(kz) , (2.9)
We recall interaction Lagrangian of PCQM, it reads,
1 _ .
LV @) = S0 Bi@)d) N ()
+ j;i’;@(x)au@j<x>¢<x>mm<x>. (2.10)

The Feynman diagrams contributing to the EM form factor of octet baryons in
accordance with the £}V (z) in Eq. (2.10) and the EM current j!' in Eq. (2.4)-(2.7)
are shown in Fig. 2.1. The corresponding analytical expressions for the relevant
diagrams are derived as follows:

(a) Three-quark core leading-order diagram (LO)

GR@),o = PGh@)[}%, (2.11)
Ch@)]o = W Gh(@)1D, (212)

where

Gh.(Q?) iqo = 277/ dr/ dor3sinflg(r)* 4 f(r)?]ei@reos?, (2.13)

Gh,(Q?) qu = 477sz/ dr/ dOr3sin(20)g(r) f(r)eiQreest . (2.14)
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© (@ O]

Figure 2.1: Diagrams contributing to the electromagnetic form factors of the baryon
octet: three-quark diagram (a), three-quark counterterm diagram (b), meson cloud
diagram (c), vertex correction diagram (d), and meson-in-flight diagram (e).

(b) Three-quark core counterterm diagram (CT)

GR@)|gy = [aB(Z=1)+aP(Z, - V]GRQM)| 10 (2.15)
GRS = [PPZ -+ Z -1 2R @) (216)

(¢) Meson-cloud diagram (MC)

1 00 1
GE@ e = gmpys |, 0 [ Ak 4 Q) F(B) Pk (2. Q)] 217

5 0o 1
GE@ e = ey | Bk [ sl =) B0 Pk (02,22 (219)

where

th(k* Q% 2)| e = afCr(K*, Q% x) + af Ok (K, Q% x), (2.19)

th(k,Q%2)|,,c = bED(K* Q% x)+ by Dk (k* Q% ), (2.20)
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1

2 2 _
C<I>(k ,Q ,l‘) - W<p(k2)wq>(k_2~_)[w<b(k2)+w<p(k_2~_)]7 (2'21)
1
2 12 _
ky = \/ k2 + Q? 4 2k\/Q2x. (2.23)
(d) Vertex-correction diagram (VC)

B(?2 _ 1 OO 4702 2y (34 ag af ag
GE(@Q), = W/o dRE F2 (K)GPy(Q) LO[wg;(k?) t ot w%(kQ)]QQ.M)
GE@ e = sz || AR FRRG Q[ o My o

u@lve = 500y ), TR o | Gy T a T e [
(e) Meson-in-flight diagram (MF)

GR@)|yr = O, (2.26)
G (@) = 2 /oo dk/l dak* (1 — 2®)Fr(k)Fy (ki )ty (2, Q% @), s
MF @2rF)2 J, . MF
(2.27)

where
o (k, Q% x)|,, » = b6 Dx (K, Q% 2) + by Dic (K%, Q*, ). (2.28)

Table 2.1: The constants a? for the octet baryon charge form factors GE(Q?).

D n Tt 0 - A =0 ="
ai 1 0 1 0 -1 0 0 -1
e 1 0 4/3 1/3 -2/3 1/3 2/3 —1/3
as 0 0 —1/3 -1/3 —1/3 —1/3 -2/3 -2/3
aq 1 -1 2 0 -2 0 1 -1
as 2 1 1 0 -1 0 -1 —2
ag 1 2 0 1 2 1 0 1
a;  —2 -2 —2/3 —2/3 —2/3 -2/3 2/3  2/3
as 1/3 0 0 -1/3 -2/3 —1/3 -2/3 -1

The constants a? and bP, which depend on the spin and flavor of baryons, are

listed in Table 2.1 and Table 2.2, respectively.
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Table 2.2: The constants b for the octet baryon magnetic form factors G (Q?).

P n >t 0 - A =0 ="
b T —2/3 1 /3 —1/3 —1/3 —2/3 —1/3
by 1 —2/3 8/9 2/9 —4/9 0  -2/9  1/9
by 0 0 1/9  1/9 1/9  —1/3 —4/9 —4/9
by 1 1 4f5 0 —4/5 0 —1/5 1/5
by 4/5  —1/5 1 3/5 1/5 -3/5 -1  —4/5
b 1/18 —2/9 0  —1/9 -2/9 0 0 1/18
by 1/9 1/9  5/27  5/21 5/27 —1/9 —5/21 —5/27
bs —1/18 1/27 —2/27 —1/27 0  —-2/27 1/9  5/54
by 1 —1 0 0 0 0 0 0

bio 0 0 1 1 1 ~1 1 -1




Chapter 3

Strangeness contribution to

EM form factors

The results listed in Table 3.1 are the numerical values for the magnetic moments
with the baryon chiral mass mp = 1.039 GeV [10]. It is found that the theoretical
results for the octet baryon magnetic moments are consistent with the experimental
data in Ref. [11]. The theoretical results reveal that the meson cloud plays an
important role in p, and p,, contributing about 10% and 20% respectively, as
shown in Table 3.1. However, the meson cloud contributions to the light hyperons
are very limited.

In order to analyze the strangeness effects, we have compiled the 7, K and n
mesons contributions to the magnetic moments separately in Table 3.2. It is found
that the 7 meson contribution to the nucleon magnetic moments dominates over
the ones from the K and n mesons. The K meson contributions to the magnetic
moments of the light hyperons are important, but the contribution from the n meson
is negligible due to the weak coupling between the s current quark and 7 meson.
We have also listed the strange sea quark (K and n meson clouds) contributions of
different diagrams to the magnetic moments pp in Table 3.3. Based on Egs. (2.11)-
(2.27), we may point out the fact that the 7 meson contributes to the VC diagram
only while the K meson participates in all loop processes. The results listed in
Table 3.3 reveal that the strange sea quark contributions of CT and MC diagrams

to the p, counteract each other, but the combined contribution of CT and MC
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Table 3.1: Numerical results for the octet baryon magnetic moments pp (in units
of the nucleon magneton py) with chiral mass mp = 1.039 GeV, where the uncer-
tainties are from the fitting errors of the quark wave functions. The experimental
data are taken from [11].

Lo CT%E/{S&%TMF Total Exp. [11]

iy 2458 0.277 5.73520.121 5,703

fm —1.639 0.317 S1.95640.103  -1.913
pse 2458 0.079 2.53740.201  2.458+0.010
juso 0.819 0.019 0.838-0.091 -

ps- —0.819 0.042 0.861+£0.040 —1.160+0.025
ua —0.819 0048 —0.867+0.074 —0.613+0.004
jzo —1.639 0.051 C1.690+£0.142  —1.250+0.014
e —0.819 ~0.021 0.840+ 0.087 —0.651-0.080

diagrams to the p, is still sizable. For the light hyperons, the strangeness quark
contributions of the CT and MC diagrams are in the same order but with different
signs except for the pus—. The contributions of the MF process to the magnetic
moments of light hyperons are considerable. Due to the weak coupling between the
s current quark and 7 meson, the 7 meson contribution is suppressed for the octet
baryons.

We present in Fig. 3.1 the individual contributions of various processes shown

in Fig. 2.1 to the charge form factors of octet baryons. As shown in the upper panel

Table 3.2: Contribution of m, K and n mesons to the magnetic momets g%.

Meson loops

s K n
p 0.281 0.002 —0.006
hn, —0.339 0.018 0.004
s+ 0.032 0.055 —0.008
o —0.039 —0.062 —0.004
us-  —0.109 0.068 0
LA 0 —0.052 0.004
p=o  —0.008 —0.055 0.012
p=-  —0.027 —0.058 0.010




CHAPTER 3.

STRANGENESS CONTRIBUTION TO EM FORM FACTORS 10

10
LO
08 ~
CT
06F 0N ememem——— M C 1
< LNl ———— o
O gl ve ]
auw
©)
021 =i
00— ST e
02 ‘ L ‘
0.0 0.2 04 0.6 0.8 1
Q(Gev?)
oof T T T T TR T oITT o s meaa
-021 =
& -oat —
b Lo
-06 CT ~
—————— MC
-08 1
————— VC
10 ‘ ‘ ‘
0.0 0.2 04 0.6 0.8 1.
QAGev?)
0.04 T T
——————— MC
o2y 0 mmm—— vC 4
~
~e_
lé’ 0w =
cw R
O -
-
td
'
4
7/
002} g
oo ‘ ‘ ‘ ‘
0.0 0.2 0.4 06 038 1.
QAGev?)
0.04
CcT
o2t m=—== \4e 4
L
Qg o) 0mTmTmm=—y
nw
(]
-0.02 - B
o004 ‘ ‘ ‘ ‘
0.0 0.2 0.4 0.6 038 10
Q4Gev?)

GE'(@®)

g (@

Gg

mw

e4(ep)

G QY

10
LO
08 q
cT
06F N eem———— M C q
————— VvC
04r ~
0.2r &
Py el T
ool ‘ e ‘
0.0 0.2 04 0.6 0.8 1.0
QXGev?)
0.2 | R
[ e —————E S
-02+ g
-04f 4
LO
-06} CT i
—————— MC
-081 4
————— vC
10 ‘ ‘ ‘ ‘
0.0 0.2 04 0.6 0.8 1.0
Q%Gev?)
0.04
CT
oo2fy  TTTTTT MC 4
.  TTTC VC
oWE=——— e T TT===e =
-0.02 q
oo ‘ ‘ ‘ ‘
0.0 0.2 04 0.6 0.8 1.0
Q%(Gev?)
0.04 T T
CcT
oo2r  m————— VC i
K
o0 —mmmmmo—A
-0.02 ~
oo ‘ ‘ ‘ ‘
0.0 0.2 04 0.6 0.8 1.0
Q%Gev?)

Figure 3.1: The individual contributions of the different diagrams of Fig. 2.1 to the
charge form factors of octet baryons.
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Table 3.3: Strange sea quark contributions of the individual loop diagrams of Fig. 2.1
to the magnetic moments pp.

CT MC vC MF

p —0.0378 0.0312 0.0021 0

i, 0.0252 —0.0078 0.0047 0

px+ —0.0431 0.0390 0.0041 0.0468
pso  —0.0178 0.0234 0.0051 0.0468
- 0.0074 0.0078 0.0061 0.0468
LA 0.0283 —0.0234 —0.0057 —0.0468
0 0.0462 —0.0390 —0.0031 —0.0468
- 0.0336 —0.0312 —0.0036 —0.0468

of Fig. 3.1, the LO diagram dominates the charge form factors of charged baryons
(p, X, ¥~ and Z7), contributing over 90% while the contributions of the loop
diagrams (CT, MC and VC) are rather small. Among the loop diagrams, the VC
process is negligible. The meson cloud is the sole contributor to the neutral baryon
(n, 2% X0 and A) charge form factors as presented in the lower panel of Fig. 3.1.

Shown in Fig. 3.2 are the individual program contributions to the octet baryon
magnetic form factors. The LO diagram dominates the magnetic form factors of
octet baryons while the loop diagrams contribute about 10% to the EM form factors.
Notice that the 1 meson contribution is rather small due to the weak coupling
between the s current quark and 7 meson.

Finally, we may summarize the fact that the meson cloud contributes about
10% to the magnetic and charge form factors of charged baryons. The K meson
contributions to the magnetic moments of the light hyperons are important, but
the contribution from the n meson is negligible due to the weak coupling between

the s current quark and 1 meson.
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Figure 3.2: The individual contributions of the different diagrams of Fig. 2.1 to the

magnetic form factors of octet baryons.
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Appendix A

Gell-Mann and Low theorem

The Gell-Mann and Low theorem was proved by Murray Gell-Mann and Francis
E. Low in 1951. It is a theorem in quantum field theory that allows one to re-
late the ground (or vacuum) state of an interacting system to the ground state of
the corresponding non-interacting theory. We consider a system described by the

Hamiltonian H which might be written as
H=Hy+ Hy (A1)

where Hy and H; are respectively the free and interaction parts of the Hamiltonian.
Let |¢g) and |n) be the eigenstates of the free and full Hamiltonian, respectively.

One has

Hln) = E™|n),

Holvo) = Eolto), (A.2)

hence

e_th|w0> — Z e_iE(")t|n> iy

n

_ efiEtW}> <¢‘7~/}0> + Z 671E(”>t|n> <n|w0>7 (A3)
n#0

15
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here we have rewritten ground eigenstate |0) and ground eigenvalue E©) in the

above equation respectively as [¢)) and E, that is

Hp) = El). (A.4)

Multiplying the above equation by e!”o?, one derives

P o) = EEN ) (o) + D e T E ) (). (A5)
n#0

Since E(™ > E for all n # 0, we can get rid of all the n # 0 terms in the series by
sending ¢ to oo in a slightly imaginary direction ¢ — co(1—ie). Then the exponential

factor e~ H{E=Eo)t Jies slowest and we have

6iH(ft)efiHo(ft)|w0>

W= R )
= I S E g (a9
here we have used
Ulto,t) = elflt=to)gmifloli=to) (A.7)
In the same way, we can derive
(] = (¢o|U(t,0) (AS)

t—ro0(1—ie) e~ HE=Eo)t (g |eh) |

Now we evaluate the expectation value of the operator O(z) = O(2°, ¥) in the state

[¥)

<¢O|U(t7 O)UT (:L‘O, O)O[(x)U(xO, O)U(O7 _t) |¢o>

@Wlo@°, DY) = lim

t—oo(1—ie) e E=E0)t (g |ip)e B =Eo)t (1)]ao)
_ ~ (¥o|U(t, %) 01 (2)U (2, —t)[tho)
= tﬁololglfis) 6_21(E_E0)t‘<’¢10|’(/}>|2 . (A9)

To get rid of the denominator in the equation, one may divide it by 1 in the form

L= () = tim  LlUGLOUO, =)o)

t—oo(1—ie) e*Qi(E*Eo)tKwOW)‘z (A.10)
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Then finally we derive

WO, D) = tim  PolUt2)0/@UE, o)

t—oo(1—ie) <1/)0‘U(t, 7t)|w0> (All)

The above equation holds for a product of arbitrarily many operators, for example,

for two operators

(Wl T{O1@)Pr() exp[—i [*, dzH ()] }ibo)
t=ro0(1-ic) (ol T{exp[—i *, dzH;(2)]}[to)

(WIT[O(2)P(x)][p) =

(A.12)



Appendix B

Calculation of the diagrams

for the charge form factor

In the framework of the PCQM, the charge form factors of octet baryons in the

Breit frame are defined by

2
XLQXBSGE(Q% - B<¢0|Z%/6(t)d4l‘d4f1--.d4l‘n€_i¢I'm
n=0

where y g, and ng , are the baryon spin wavefunctions in the initial and final states.

We assume they are spin-up states, so
XX, = 1. (B.2)

In calculation, the quark wave function is expanded into a completed basis of Stur-
mian functions in Eq. (?7?). We employ the fermion and boson Feymann propagators

as following:

V(@)(y) = (ool T{w(x)¥(y)} o)
= uo(Z)uo(¥) exp[—i&o(zo — y0)]0(xo — Yo), (B.3)

Di(z)®;(y) = (O[T{P:(x)®;(y)}0)
d*k exp|—ik(z — y)]
(2m)% M3Z —k? —ie '

18
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here the fermion propagator is restricted on the ground state only.

B.1 Leading Order Diagram (LO)

éq

Figure B.1: Leading order diagram

CEQ@)o = Ploole [ B0dtze S w)len)”
— (o012 [ B0)dtae a0 ) 60)

= Blaolo / 2T g () uo ()bl o)

= o GH@)5;, (B.5)

where

GR(Q)|,o =2n / Car / " d0r2sindlg(r)? + F(r)EY (BL6)
0 0

3
af = B<¢o|b$Xf’ZQ(i)beo|¢o>B

i=1

3
(B11Y_Q3i)B1). (B.7)

i=1
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B.2 Counterterm Diagram (CT)

Figure B.2: Counterterm diagram

GE@)|op = Plo0lQ / 5(t)d*ze 197510 (2)| o) P
= Blgole / SO ze ™9 (2) (2 — 1)1 () 60)
= [af(Z-1)+df (2, —1)]GH(Q)52, (B.8)
where
3
af = Blpolbhx Z i)x rbol¢o)”
= <BT\ZQ(’L')|BT>, (B.9)
af = Blpolbixs ZQ )x rboldo)”
- BT\ZQ )| B 1), (B.10)
2/3 0 0
Q9 = 0o -1/3 0 |, (B.11)
0O 0 0
00 0
Qs = 00 0 . (B.12)

00 —1/3
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B.3 Meson Cloud Diagram (MC)

i %
q
by @ ky

e}

Figure B.3: Meson Cloud Diagram
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GEQ)yc
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XN{ [Qijauql’ﬂ/_)’yu’f)\ﬂ/l)hl {(fi‘akl +
x|o)”

—1
= 2F,2(2>8B<¢o|bT/d3‘T1d3$2d4k1d4k2
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S o R e e e e
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— (k9?10 (21)7 - 17° Mitta (1)l (2)7°7° Aj o (2)

k110 (21)7 - k17 Nitta (21)ta (22)7 - k27 Ao (22)] bol do)
= +B<¢0|bg/d3k2 2 g i j; E 5

4F?(2m)? [we (k5’) + we (k)] [we (k) + Acq][we (k) + Aca]

x{ [wa (WP)wn (k) + (wa (k) + wa (k) Aca]

></d3x1ﬂ0(x1)7075)\iua(x1)eigé'fl /d?’xgﬂa(x2)7075)\ju0(a:2)e_i’;2'£2

_Aga/dgxlao(xl)’7075)‘i“a(»’51)6“?2@1/d3$2ﬂa($2)7-1;5’2'75>\ju0(m2)e_“;2‘52
_Agw/d%lﬂo(xlw'EW%/\%‘%(xl)eﬂzé'fl/dgﬂ’?mia(332)“70“75/\3'%(arz)e*“z?'“72
—/dSIlﬁo(xlﬁ'E’275>\z’ua($1)€“%'fl/dg:l?zﬂa(zz)?15275/\qu(:1:2)@*"’52'52}
Xbol¢o)”

= ﬁ <¢O|bOXCXfXG /d?)]€
1
* [wa () + wa (k2)]lwe (2) + Acalwa(kZ) + Acd]

[
x{ [wo (2w (K3) + (o (K) + war (k) Aea] Fira (k) F, k2)
— Ao Fro(ky) Fly, (ka) = Aca Frra (k) Fl, (k) — Fua(ké)FLa(/ﬂz)}

X (faij + ]iz;g

(G - B5)Nilo,al(F - B2)Aj]a.0xsX s xcboldo) P (B.13)
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where Acy = £ — €0, Ky = k1 + ¢ and we (k%) = M2 + k2,
/ &g ()77 Nt ()€™ ¥ = Fro (k) xEx [0 - EAJo,axs X Xe (B.14)

/d3x1ﬁo(:c)7~7575/\iua(w)e““'f: Fria(B)xEXIXE - kAo.oxsxsxe:  (B.15)

Fa®) = [ drlan(r)fa(r) = forhga(nl [ a0, 000,0),

(B.16)

Fria(k) = / " go(r)ga(r) — for) fa(r) /Q 490, Y, (0, 0)

721% drr fo(r) fu(r) / dQcoste ™™ MC, Y o(60,9).  (B.IT)
Q

We define & = cosf = |?1|I;c2\’ k= |ka|, Q = |q] and

kr = |7+Fko| =k + Q2+ 2kQx, (B.18)

00 1 27
/ dky = / dkk? / dx / do. (B.19)
0 —1 0

We obtain the expression of GE(Q?)[} e @

a 1 o0 1
GRQ)|ye = _W/o dk/_ldxkz(k2+ka)

x{ [wo (K2 Jwo (%) + (wa (k3) + wo (k) Aca] Fra (ks ) F (k)
—AgaFja(k+)FLa(1€) - AgaFlla<k+)F[Ta(k) Flla(kJr)Fna(k)}

y B o lbhxixtxt 5t (fsi5 + g)AiAszXchb0\¢0>B
wa (k3) + wa (k?)][we (k) + Acq][wa (k2) + Aca]’

(B.20)

In our calculation, the quark propagator is restricted on the ground state only,

i.e. a = 0. Hence, we have Ac, = 0, Fro(k?) = 0 and

Fri(k) = 27?/ dr/ dor?(go(r)? + fo(r)?cos20)sinfetrreos?d (B.21)
0 0
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Finally

1 [ee] 1
CE@ e = sampy |, o[ AR+ kQa)
X Frr(k)Frp(ky)[af Cr(k?, Q% ) + af Ok (K*, Q% 2)],

(B.22)

where

2. 02 ) — 1
Co(k*,Q%, ) w@(kZ)WMki)[W@(kZ)+w‘1’(ki)]’

3 )
¢ Isij
ay = Z B<¢0|b$x}, — §<f3ij + %))\i)\jxfb0|¢0>3

(B.23)

3 .
_ g I8y o
= Zw%;gm+ﬂmmuwm (B.24)

of = B 5l BAGA BB B2
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B.4 Vertex Correction Diagram (VC)

Figure B.4: Vertex Correction Diagram
GE@)ye

— (250 —/6 (t)d*zd*z d*azee™ lq’”T[EW(:rl)EI (xg)]w( )]|¢0>

= 2 <q§0|7/5(t)d4acd4x1d4x26_iq”c

XN{ {;7@‘1'%1/}7”75)\1‘1})]11 M“/O QilﬁL [21}751/"1’#/'17”75)\;‘14 $2}|¢0>B

_ i B t o 3.3 g3 g4y iqF

— 12 (n) <¢0|b0/d rd’x1d’rod ke M% EyT—

x o (21)7" ki Nitta (21) o ()7° Qup (2)Tg (22) 7 kuy® Mg (w2)
/ dtdt,dta6t0 (1, — 1)O(t — ty)e 1t ie0(t2—t) o —ica(ti—t)

xe ZEg(t tg)e—lko(tl tz)b0|¢0>

- 4F2_(;7T)4B<¢o|bg)d3$d3$1d3$2d3kei‘7'5€ilz'(51752)

1
dk
. / O lwe (k2) — (ko)? — i€][ko + Aeq — in)[ko + Acg — in]

—

xig(21)(70ko — 7 - £)Y° Nt (1) (2)7° Quig ()

xig(w2) (7 ko — 7 - k)Y Ao (2)bolpo) P

G%(Q?%) 1
= 8F‘2(|)LOB qs |bOXchXs/d3k (k2)+A€a]
x [w3 (k) Fra (k) FJ, (k) — w@(kQ)FIa( ) 10 (k) = wo (k) Fy 1o (k) F}, (k)
+F116 (k) F 10 (0)] (3 - B)A0.0 Qaal(F - F)Ada.0XsXsXeboldo)?,  (B.26)
where
/ Pt (2)7° Qug(2)e'T™ = 505G (Q)[7 o xExX XTI Qupxaxsxe- (B.27)

Finally, we have
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GE@7

- 1F) |Lo/dkk4 2 (k) Fra(K)FL ()
~wa (k?) Fra(k)Fj (k) — wa (k) Frra (k) Fj, (k) + Frra(k)Fjp, (k)]

B(golbhxixExtxi Qixsxrxebol o) ?

B.28
we (k?)[we (k2) + Aey)? ( )
For the case a = 0, we obtain
1 oo
B(2 _ 2 472
GE(Q)|,e = WG%(Q )|LO/O dkk" Fr(k)

B B B

ag az as
B.29
<\t * ot + e | (529

where

ag = <¢o|boxcxfm QAixs X fXcboldo)®
3

SNl

=1 k=1
7 3

af = Y (B> [NON]WIB),
=4 k=1

3
o = Z)\gg)\g )| B). (B.30)



Appendix C

Calculation of the diagrams

for the magnetic form factor

The diagrams contributing to the magnetic form factor are the same ones as for the

case of the charge form factor and the meson-in-flight diagram in addition.

C.1 Leading Order Diagram (LO)

10X {q B 2
XB' mp+m’g XBs G )’LO

— Blgol0 /6 Loe 97T, (1) o) B

= <¢o|b(TJQ/d%elq'x“o(x)ﬁo%o(x)bo|¢o>B

_ 2& Breld #9(r )f(T)B

2 (bolbixl i xl, QG x @)xsxsxeboldo)? (C.1)

here we restrict initial and final spin states to be in the same states, and define

@:j’ GXq= —03%4-01]%, we have
IV TQ = A _ Tt TQ ) 4 C.2
Xc’xf’Xs’ (0' X Q)XstXc = Xc’Xf/Xs’ O3XsXfXc? ( . )
and
t 10X q q 2 (C 3)
[ , O
XB, g +ijXB o XBLI3X B,

27
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Finally, the leading order of magnetic form factor can be obtained as

GﬁI(QQ)’LO = bB Gp )‘LO’ (04)
where
@),y = 47”mN / dr / dOr2sin(20)g(r) f(r)e @ (C.5)
by = <¢0|boXc x5t Qosxax rxeldo)”
= <BT|Z[903](’“)IBT>- (C.6)
k=1
C.2 Counterterm Diagram (CT)
Xy e x5, G Q)] o
= (o2 [ Slt)atae T, w)lon)”
= Blgolbio / dPzel Tyl (2)(Z — 1)7°Fuo(2)bo|do) P, (C.7)
then
GR(QY)| oy = BB (2 1>+bf<zs—1>}2—§%<c22>|w, (C.8)
where
3
8 = Pgolbixlxhxl Y 1903 ™ xaxsxeboldo)®
k=1
3
= (B1|> [Qos]™[B 1), (C.9)

k=1

b = (B1]D [Quos]®|B1). (C.10)
k=1
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C.3 Meson Cloud Diagram (MC)
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— i 3
= 1P B0 bOXchX.s/d koks

Wq>(k’22)w>(k§)[wq>(k’22) + Aca][we (k3) + Aca]

Aeowe (k3)wa (K2) /
{ - Wé(kzé) jwj(kg) Fro(ky)F, (k2)

x (f3i; + {i@)[( kz))\]oa[(o F2)Aj]a0XsX pXcbol60)
= 27TF / dk d:vk"‘l—x
- i?(;:;’sé‘?izéfé? Fua )] 0
w:?;g%(k( il k) + S 0D )G
<¢o|boxcxfxi 131(1‘31; VA TsXs X xeboldo) (C.11)

w¢(ki)W¢(k52)[W¢(k2 )+ Asa][w¢(k2) +Aey]

When the quark propagator is restricted on the ground state, we obtain

5 [e’e] 1
B 2 _ 4 .2
Gy (@ |MC = 76(27'(}7)2/0 dk[ldxk (1—2a%)
X Fr1(k)Fri (ki )[bf Dx (K, Q% @) + bF Dic (k?, Q°, )],
(C.12)
where
1
2 A2 _ I
D<I>(k aQ 733) - w%(ki)w?p(kz)’ (Cl?))
3 3 fsis
bf = ijzjl <¢ |b0Xf/X5 O(f3ij \7»))‘ i\j U3X8be0|¢0>
S BT\Z 0 s+ DAl 9 B 1), (C.14)
3,j=1
THERS BT\Z fm+”’tjg>AiAjog]<’“>|B¢>. (C.15)

1,j=4
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C.4 Vertex Correction Diagram (VC)
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where

af = PoolbixIxtxiN QNiosxsxsxeboldo)”
3

3
= D UABTID [AQNios] (B 1)
=1 k=1
7

3
a7 = Y (BT NQhios]M[B 1),

=4 k=1

3
af = (B> [AsQsos]™|B1). (C.19)

k=1
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C.5 Meson-in-Flight Diagram (MF)

Figure C.1: Meson-in-flight diagram
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[Xio1] B[N 0] B
e — X X XX XX by by o) (C.20)
wg (k3 )wg (k3) 1A 070

Finally, we have

A T A I LTI

x[b8 D (K%, Q% ) + bE D (K2, Q%, )], (C.21)

where

3

3
b = > (BT o] Mo VB 1)

ij=1 k=1

£l
7 3
by = Y (BT o] PNoa] V(B 1), (C.22)
ij=4 k=1

k#l



Appendix D

Curriculum Vitae

D.1 Asst. Prof. Dr. Chinorat Kobdaj

School of Physics, Suranaree University of Technology
Nakhon Ratchasima 30000, Thailand

e-mail: kobdaj@g.sut.ac.th

EDUCATION

Ph.D. (Theoretical Physics), 1995

University of London, UK

Master of Science (Mathematical Physics), 1990

University of London, UK

Bachelor of Science (Physics), 1989

Chulalongkorn University, Thailand

SELECTED PUBLICATIONS

1. C. Kobdaj and S. Thomas, “Nonabelian Vortices” Nucl. Phys. B 413, [FS]

689 (1994).

2. C. Kobdaj and S. Thomas “Screening in two-dimensional nonabelian vortex

systems” Nucl. Phys. B 438, [FS] 607 (1995).

35



APPENDIX D. CURRICULUM VITAE 36

3.

10.

11.

12.

Y. Yan, C. Kobdaj, W. Uchai, Amand Faessler, T. Gutsche and Y. M. Zheng,
“eTe~ Annihilation in to NN Pairs” Mod. Phys. Lett. A 18, 370 (2003).

Ben-Hao Sa, Zhong-Qi Wang, Xu Cai, Dai-Mei Zhou, C. Kobdaj and Yu-
Peng Yan, “Energy dependence of string fragmentation function and ¢ meson

production” Commun. Theor. Phys. 41, 291 (2004).

Yu-Ming Zheng, C. Fuchs, Amand Faessler, K. Shekhter, Yu-Peng Yan and
Chinorat Kobdaj, “Covariant kaon dynamics and kaon flow in heavy ion col-

lisions” Phys. Rev. C 69, 034907 (2004).

Y. M. Zheng, C. Fuchs, Amand Faessler, K. Shekhter, P. Srisawad, Y. Yan
and C. Kobdaj, “Influence of Chiral Mean Field on Kaon In-plane Flow in
Heavy Ion Collisions” Commun. Theor. Phys. 41, 746 (2004).

Y. Yan, C. Kobdaj, P. Suebka, Y.M. Zheng, Amand Faessler, Th. Gutsche and
V.E. Lyubovitskij, “Electron-positron annihilation into hadron-antihadron

pairs”, Phys. Rev. C71, 025204 (2005).

P. Suebka, C. Kobdaj and Y. Yan, “Reaction in non-relativistic quark model”,
International Journal of Modern Physics E, Vol. 14, No. 7 pp. 987-994 (2005).

Y. Yan, P. Suebka, C. Kobdaj and K. Khosonthongkee, “Strong interaction
in pionium”, Nuclear Physics A 790, 402¢ (2007).

P. Srisawad, Y. M. Zheng, C. Fuchs, A. Faessler, Y. Yan, C. Kobdaj and
Y.Z. Xing, “Sigma meson production in heavy ion collisions at intermediate

energies”, International Journal of Modern Physics A 22, 6219 (2007).

Y. Yan, K. Khosonthongkee, C. Kobdaj, P. Suebka, Th. Gutsche, Amand
Faessler and V.E. Lyubovitskij, “pD atoms in realistic potentials”, Physics
Letter B 659, 555 (2008).

Y. M. Zheng, C. Fuchs, P. Srisawad, A. Faessler, Y. Yan, C. Kobdaj and Y.
Z. Xing, “Sigma meson production in nuclear reactions”, Commun. Theor.

Phys. 50, 725 (2008).



APPENDIX D. CURRICULUM VITAE 37

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Y. Z. Xing, Y. M. Zheng, P. Srisawad, Y. Yan and C. Kobdaj, “Differential
Directed Flow of K+ Meson within Covariant Kaon Dynamics”, Chinese Phys.

Lett. 26, 022501 (2009).

K. Kittimanapun, K. Khosonthongkee, C. Kobdaj, P. Suebka and Y. Yan,

[P

eTe” — wm reaction and p(1450) and p(1700) mesons in a quark model”,

Phys. Rev. C79 025201 (2009).

Pornrad Srisawad, Yu-Ming Zheng, Yupeng Yan, Chinorat Kobdaj and Yong-
Zhong Xing, “Collective flow in heavy-ion collisions for E, = 0.25 - 1.15
GeV /nucleon”, Modern Physics Letters A 24, 1063 (2009).

Y. Yan, C. Nualchimplee, P. Suebka, C. Kobdaj and K. Khosonthongkee,
“Accurate evaluation of wave functions of pionium and kaonium”, Modern

Physics Letters A 24, 901 (2009).

Ayut Limphirat, Chinorat Kobdaj, Marcus Bleicher, Yupeng Yan and Horst
Stoecker, “Strange and non-strange particle production in antiproton-nucleus
collisions in the UrQMD model”, J. Phys. G: Nucl. Part. Phys. 36, 064049
(2009).

Y. Yan, K. Khosonthongkee, C. Kobdaj, P. Suebka, “eTe~™ — NN at Thresh-
old and Proton Form Factor”, J. Phys. G: Nucl. Part. Phys. 37, 075007
(2010).

Y. Yan, W. Poonsawat, K. Khosonthongkee, C. Kobdaj, P. Suebka, “Kaonic
hydrogen atoms with realistic potentials”, Phys. Rev. C 81, 065208 (2010).

P. Srisawad, Y. M. Zheng, C. Fuchs, Amand Faessler, Y. Yan, C. Kobdaj and
Y. Z. Xing, “Sigma meson production in proton-nucleus collisions”, Interna-

tional Journal of Modern Physics E 19, 1843 (2010).

Amand Faessler, K. Khosonthongkee, C. Kobdaj, A. Limphirat, P. Suebka
and Y. Yan, “Low-lying baryon decays in 3P0 quark model”, accepted for
publication in J. Phys. G: Nucl. Part. Phys. 37, 115002 (2010).

Ayut Limphirat, Chinorat Kobdaj, Prasart Suebka and Yupeng Yan, “Decay
width of ground and excited = baryons in non-relativistic quark model” Phys.

Rev. C 82, 055201 (2010).



APPENDIX D. CURRICULUM VITAE 38

23.

24.

25.

26.

27.

28.

Ayut Limphirat, Dai-Mei Zhou, Yu-Liang Yan, Bao-Guo Dong, Chinorat Kob-
daj, Yu-Peng Yan, Laszlo P. Csernai and Ben-Hao Sa, “PACIAE model ca-
pability in describing net proton moments”, Central European Journal of

Physics, 10, 1388 (2012).

W. Erni et al., “Technical design report for the PANDA (AntiProton Annihi-

lations at Darmstadt) Straw Tube Tracker”, Eur. Phys. J. A 49, 25 (2013).

Wanchaloem Poonsawat, Ayut Limphirat, Dai-Mei Zhou, Yu-Liang Yan, Porn-
rad Srisawad, Chinorat Kobdaj, Yu-Peng Yan and Ben-hao Sa, “Net-Proton
Nonstatistical Moments in High-Energy pp Collisions in PACIAE Model”,
Few-Body Systems 55, 1041 (2014).

M. F. M. Lutz, R. Bavontaweepanya, C. Kobdaj and K. Schwarz, “Finite
volume effects in the chiral extrapolation of baryon masses”, Physical Review

D 90, 054505 (2014).

Christoph Herold, Marlene Nahrgang, Yupeng Yan and Chinorat Kobdaj,
“Net-baryon number variance and kurtosis within nonequilibrium chiral fluid

dynamics”, J. Phys. G: Nucl. Part. Phys. 41, 115106 (2014).

C. Herold, M. Nahrgang, Y. Yan, C. Kobdaj, “Multiplicity fluctuations at
the quark-hadron phase transition from a fluid dynamical model”, Journal of

Physics: Conference Series 599, 12012 (2015).



APPENDIX D. CURRICULUM VITAE 39

D.2 Dr. Khanchai Khosonthongkee

School of Physics, Suranaree University of Technology
Nakhon Ratchasima 30000, Thailand

e-mail: khanchai@g.sut.ac.th

EDUCATION

Ph.D. (Physics), 2004
Suranaree University of Technology, Thailand
Bachelor of Science (Physics), 1999

Mabhidol University, Thailand

SELECTED PUBLICATIONS

1. X.Y. Liu, K. Khosonthongkee, A. Limphirat, P. Suebka, and Y. Yan, “Meson
cloud contributions to baryon axial form factors”, Phys. Rev. D 91, 034022
(2015).

2. A. Limphirat, W. Sreethawong, K. Khosonthongkee, and Y. Yan, “Reaction
ete™ — DD and 9’ mesons”, Physical Review D 89, 054030 (2014).

3. X. Y. Liu, K. Khosonthongkee, A. Limphirat and Y. Yan, “Study of baryon
octet electromagnetic form factors in perturbative chiral quark model”, J.

Phys. G: Nucl. Part. Phys. 41, 055008 (2014).

4. Khanchai Khosonthongkee and Yupeng Yan, “Low-Lying Baryons in Hybrid
Quark Model”, Few-Body Systems 55, 1037 (2014).

5. X. Y. Liu, K. Khosonthongkee, A. Limphirat and Y. Yan, “Study of baryon
octet charge form factors in perturbative chiral quark model”, International

Journal of Modern Physics: Conference Series 29, 1460252 (2014).

6. Amand Faessler, K. Khosonthongkee, C. Kobdaj, A. Limphirat, P. Suebka
and Y. Yan, “Low-lying baryon decays in 3P0 quark model”, accepted for
publication in J. Phys. G: Nucl. Part. Phys. 37, 115002 (2010).



APPENDIX D. CURRICULUM VITAE 40

7.

10.

11.

12.

13.

14.

Y. Yan, W. Poonsawat, K. Khosonthongkee, C. Kobdaj, P. Suebka, “Kaonic

hydrogen atoms with realistic potentials”, Phys. Rev. C 81, 065208 (2010).

Y. Yan, K. Khosonthongkee, C. Kobdaj, P. Suebka, “ ete™ — NN at Thresh-
old and Proton Form Factor”, J. Phys. G: Nucl. Part. Phys. 37, 075007
(2010).

Y. Yan, C. Nualchimplee, P. Suebka, C. Kobdaj and K. Khosonthongkee,
“Accurate evaluation of wave functions of pionium and kaonium”, Modern

Physics Letters A 24, 901 (2009).

K. Kittimanapun, K. Khosonthongkee, C. Kobdaj, P. Suebka and Y. Yan,

“ o+

eTe” — wm reaction and p(1450) and p(1700) mesons in a quark model”,

Phys. Rev. C79 025201 (2009).

Y. Yan, K. Khosonthongkee, C. Kobdaj, P. Suebka, Th. Gutsche, Amand
Faessler and V.E. Lyubovitskij, “pD atoms in realistic potentials”, Physics
Letter B 659, 555 (2008).

Y. Yan, P. Suebka, C. Kobdaj and K. Khosonthogkee, “Strong interaction in
pionium”, Nuclear Physics A 790, 402¢ (2007).

K. Khosonthogkee, N. Supanam, Y. Yan, Th. Gutsche and Amand Faessler,
“N*(1440) decays in a hybrid baryon model”, Nuclear Physics A 790, 518¢c
(2007).

K. Khosonthongkee, V.E. Lyubovitskij, Th. Gutsche, Amand Faessler, K.
Pumsa-ard, S. Cheedket and Y. Yan, “Axial form factor of the nucleon in the
perturbative chiral quark model”, J. Phys. G: Nucl. Part. Phys. 30, 793
(2004).



APPENDIX D. CURRICULUM VITAE

D.3 Prof. Dr. Prasart Suebka

School of Physics, Suranaree University of Technology
Nakhon Ratchasima 30000, Thailand

e-mail: prasart@sut.ac.th

EDUCATION
Ph.D.(Physics), 1984
Arizona State University, U.S.A.

M. S. (Physics), 1979

Indiana University, U.S.A.
M. Sc. (Physics), 1974

Chulalongkorn Universitty, Thailand
B. Ed. (Hons.), 1972

Sri Nakharinwirote University, Thailand

SELECTED PUBLICATIONS

41

1. X\Y. Liu, K. Khosonthongkee, A. Limphirat, P. Suebka, and Y. Yan, “Meson

cloud contributions to baryon axial form factors”, Phys. Rev. D 91, 034022

(2015).

2. Ayut Limphirat, Chinorat Kobdaj, Prasart Suebka and Yupeng Yan, ”Decay

width of ground and excited =, baryons in non-relativistic quark model” Phys.

Rev. C 82, 055201 (2010).

3. Amand Faessler, K. Khosonthongkee, C. Kobdaj, A. Limphirat, P. Suebka

and Y. Yan, "Low-lying baryon decays in 3P0 quark model”, J. Phys. G:

Nucl. Part. Phys. 37, 115002 (2010).

4. Y. Yan, W. Poonsawat, K. Khosonthongkee, C. Kobdaj, P. Suebka, ”Kaonic

hydrogen atoms with realistic potentials”, Phys. Rev. C 81, 065208 (2010).



APPENDIX D. CURRICULUM VITAE 42

5.

10.

11.

12.

13.

14.

Y. Yan, K. Khosonthongkee, C. Kobdaj, P. Suebka, ” etTe™ — NN at Thresh-
old and Proton Form Factor”, J. Phys. G: Nucl. Part. Phys. 37, 075007
(2010).

C. Nualchimplee, P. Suebka, Y. Yan and Amand Faessler, ” Accurate evalua-
tion of the 1s wave functions of kaonic hydrogen”, Hyperfine Interact 193, 97

(2009).

Y. Yan, C. Nualchimplee, P. Suebka, C. Kobdaj and K. Khosonthongkee,
” Accurate evaluation of wave functions of pionium and kaonium”, Modern

Physics Letters A 24, 901 (2009).

K. Kittimanapun, K. Khosonthongkee, C. Kobdaj, P. Suebka and Y. Yan,

» o+

eTe”™ — wr reaction and p(1450) and p(1700) mesons in a quark model”,

Phys. Rev. C79 025201 (2009).

Y. Yan, K. Khosonthongkee, C. Kobdaj, P. Suebka, Th. Gutsche, Amand
Faessler and V.E. Lyubovitskij, ”pD atoms in realistic potentials”, Physics
Letter B 659, 555 (2008).

P. Suebka, C. Kobdaj and Y. Yan, ” Reaction in non-relativistic quark model”,

International Journal of Modern Physics E, Vol. 14, No. 7 pp. 987-994 (2005).

Y. Yan, C. Kobdaj, P. Suebka, Y.M. Zheng, Amand Faessler, Th. Gutsche and
V.E. Lyubovitskij, ”Electron-positron annihilation into hadron-antihadron

pairs”, Phys. Rev. C71 025204 (2005).

J. E. Lowther, P. Manyum, and P. Suebka, ”Electronic and structural prop-
erties of orthorhombic KTiOPo4 and related isomorphic materials” Physica

Status Solidi (B) Basic Research 242 (7), pp. 1392-1398 (2005).

P. Suebka and Y. Yan, ”Accurate evaluation of pionium wave functions”,

Phys. Rev. C 70, 034006 (2004).

E. B. Manoukian, N. Jearnkulprasert, and P. Suebka, " Photon number emis-
sion in Synchrotron radiation: Systematics for high-energy particles”, Nuovo

Cimento della Societa Italiana di Fisaca B. 119 (1) pp. 9-15 (2004).



APPENDIX D. CURRICULUM VITAE 43

15.

16.

17.

18.

19.

20.

P. Suebka, 7 Atom in Paris Potential”, Mod. Phys. Lett. A. 18, Nos. 2 -6,
402, (2003).

P. Lu, and P. Suebka, "Mechanism of Anomalous of Increase of Specific Heat

Of He II near the - point”, Phys. Rev. B 36, 760, (1987).

P. Lu and P. Suebka, ”On the Calculated Cross Section of Fusion Reaction”,

Letter A1 Nuovo Cimento 42, 145, (1985).

P. Suebka and Pao Lu, "The T-Dependence Spectrum of He II”, Phys. Rev.
B31, 1603, (1985).

P. Suebka, C. K. Chan , Z. C. Kang and P. Lu, ”Uniformly Approximated
WKB Method as Used for the Calculation of Phase Shifts in Heavy-Ion Col-
lision Problems”, Phys. Rev. C 29, 844, (1984).

C. K Chan, P. Suebka and P. Lu, "Higher-Order WKB Phase Shifts for the
Heavy-Ion Optical Potential”, Phys. Rev. C 24, 2035, (1981).



APPENDIX D. CURRICULUM VITAE 44

D.4 Asst. Prof. Dr. Ayut Limphirat

School of Physics, Suranaree University of Technology
Nakhon Ratchasima 30000, Thailand

e-mail: ayut@g.sut.ac.th

EDUCATION

Ph.D. (Physics), 2009

Suranaree University of Technology, Thailand

Master of Science (Physics), 2005

Suranaree University of Technology, Thailand

Bachelor of Science (Physics), 2002

Chulalongkorn University, Thailand

SELECTED PUBLICATIONS

1. X.Y. Liu, K. Khosonthongkee, A. Limphirat, P. Suebka, and Y. Yan, “Meson
cloud contributions to baryon axial form factors”, Phys. Rev. D 91, 034022
(2015).

2. Yu-Liang Yan, Dai-Mei Zhou, Ayut Limphirat, Bao-Guo Dong, Yu-Peng Yan
and Ben-hao Sa, “Simultaneously study for particle transverse sphericity and

ellipticity in pp collisions at LHC energies”, Nuclear Physics A 930, 187 (2014).

3. A. Limphirat, W. Sreethawong, K. Khosonthongkee, and Y. Yan, “Reaction
ete™ — DD and v’ mesons”, Physical Review D 89, 054030 (2014).

4. Dai-Mei Zhou, Zeng-Zeng Luo, Yun Cheng, Ayut Limphirat, Yu-Liang Yan,
Yu-Peng Yan, Xu Cai and Ben-hao Sa, “Comparative study for non-statistical
fluctuation of net- Proton, baryon, and charge multiplicities”, J. Phys. G:

Nucl. Part. Phys. 41, 065103 (2014).

5. X. Y. Liu, K. Khosonthongkee, A. Limphirat and Y. Yan, “Study of baryon
octet electromagnetic form factors in perturbative chiral quark model”, J.

Phys. G: Nucl. Part. Phys. 41, 055008 (2014).



APPENDIX D. CURRICULUM VITAE 45

6.

10.

11.

12.

13.

14.

Wanchaloem Poonsawat, Ayut Limphirat, Dai-Mei Zhou, Yu-Liang Yan, Porn-
rad Srisawad, Chinorat Kobdaj, Yu-Peng Yan and Ben-hao Sa, “Net-Proton
Nonstatistical Moments in High-Energy pp Collisions in PACIAE Model”,
Few-Body Systems 55, 1041 (2014).

X. Y. Liu, K. Khosonthongkee, A. Limphirat and Y. Yan, “Study of baryon
octet charge form factors in perturbative chiral quark model”, International

Journal of Modern Physics: Conference Series 29, 1460252 (2014).

P. Srisawad, A. Harfield, S. Sombun, T. Katukum, O. Ketsungnoen, Y. M.
Zheng, A. Limphirat and Y. Yan, “Influence of the in-medium kaon potential
on kaon production in heavy ion collisions”, Journal of Physics: Conference

Series, 509, 012034 (2014).

P. Srisawad, Y. M. Zheng, A. Suksri, A. Harfield, A. Limphirat, Y. Yan,
“In-Medium Kaon Potential and Nuclear Equation of State Measured in Nu-

cleusNucleus Collisions”, Few-Body Systems, 54, 1449 (2013).

P. Srisawad, A. Suksri, S. Pholwiang, A. Harfield, Y. M. Zheng, Y. Yan, A.
Limphirat, “Transverse mass spectra and rapidity distributions of K+ in NI-

NI collisions at 1.93 A GeV”, Modern Physics Letters A, 28, 1350070 (2013).

P. Srisawad, Y. M. Zheng, O. Katsungnoen, A. Limphirat and Y. Yan, “Az-
imuthal Distributions of K™ Mesons in Heavy-Ion Collisions”, Few-Body Sys-

tems, 54, 303 (2013).

Ayut Limphirat, Dai-Mei Zhou, Yu-Liang Yan, Bao-Guo Dong, Chinorat Kob-
daj, Yu-Peng Yan, Laszlo P. Csernai and Ben-Hao Sa, “PACIAE model ca-
pability in describing net proton moments”, Central European Journal of

Physics, 10, 1388 (2012).

Dai-Mei Zhou, Ayut Limphirat, Yu-Liang Yan, Cheng Yun, Yu-Peng Yan,
Xu Cai, Laszlo P. Csernai and Ben-Hao Sa, “Higher-moment singularities
explored by net-proton nonstatistical fluctuations”, Phys. Rev. C 85, 064916
(2012).

Dai-Mei Zhou, Ayut Limphirat, Yu-Liang Yan, Xiao-Mei Li, Yu-Peng Yan,



APPENDIX D. CURRICULUM VITAE 46

15.

16.

17.

Ben-Hao Sa, “Impact of parton rescattering on analysis of p+p collision data

at LHC energies”, Phys. Lett. B 694, 435 (2011).

Ayut Limphirat, Chinorat Kobdaj, Prasart Suebka and Yupeng Yan, “Decay
width of ground and excited Z; baryons in non-relativistic quark model” Phys.

Rev. C 82, 055201 (2010).

Amand Faessler, K. Khosonthongkee, C. Kobdaj, A. Limphirat, P. Suebka
and Y. Yan, “Low-lying baryon decays in 3P0 quark model”, accepted for
publication in J. Phys. G: Nucl. Part. Phys. 37, 115002 (2010).

Ayut Limphirat, Chinorat Kobdaj, Marcus Bleicher, Yupeng Yan and Horst
Stoecker, “Strange and non-strange particle production in antiproton-nucleus
collisions in the UrQMD model”, J. Phys. G: Nucl. Part. Phys. 36, 064049
(2009).





