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I. Background

T
% 00 lg — ! . . ’
= 2 - Quarks and Gluons
b= 3 Critical point? '
W s . :
3 3 \ o % e i
g 1oo-l = Hadrons 4 _
= 2 S B
Kz * s %ﬁ%
: & .
&
) /I/ Neutron
t /2
i

e Net Baryon Density

Complete description:

» Must have complete understanding of dense, strongly interacting hadronic matter

and strongly interacting quark matter from underlying theory (QCD).

» Requires the proper understanding of QCD in its non-perturbative regime, far from
being completely understood, any theoretical advance remains very challenging.
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Baryonic matter using Skyrme model

Skyrmion Matter @ SCGT12



» In accesses to dense baryonic matter, the Skyrme model is a good
approach since it can unify both the elementary baryons and
multi-baryons system.

8.C Nuclear Physics 31 (1962) 5566-—-569; © North-Holland Publishing Co., Amsterdam

Not to be reproduced by photoprint or microfilm without written permission from the publisher

A UNIFIED FIELD THEORY OF MESONS AND BARYONS

T. H. R. SKYRME *
A.E.R.E., Harwell, England

Received 29 September 1961

Abstract: Some aspects of a field theory, similar to but more realistic than, that examined in
the preceding paper are discussed. The way in which a non-linear meson field theory of this
type may contain its own sources, and how these may be idealised to point singularities, as
in the conventional field theories of interacting linear systems, is formulated. The structure
of the particle source in the classical theory is calculated, and some qualitative features of the
interactions between these particles and mesons are described.



Skyrme model

—l )

Loge = T {aﬁ( R T} 5 oy { [(_f’faﬂ_ U.Uo, (} [maﬁ- U Ut (H

Parameters: F_,

Many physical quantities of baryons can be calculated, agree with data quite well !

Table 2a
The low-energy parameters and masses as predicted in the Skyrme model,
together with the MIT bag model results are compared to experiment. (A N.W.)

Table 2b
Same comparative table as in (a) for the electric and magnetic mean square radii

and (.R.) are the predictions of ref. [21] and ref. [20] respectively, for m_ =0, together with the proton and neutron magnetic moments
{A.N.) and (M.) are the results of ref. [22a] and ref. [22b] respectively, for m_#0 ANW AW IR, M. MIT Expt
ANW._ AN IR M MT Ex ()i (fm) 059 068 047 043 076 072
10°e* 4.21 534 582 513 - - frE}’ fm) = 1.4 = 0.76 0.88
f. (MeV) 64.5 54. 93" 94.3* 149 93 { ’u ) 112 (fm) 0.92 (.95 .62 0.81
Za 1.02 1.08 1.33* 123 109 123 {r, 1.-1 (fm) = 1.4 = 0 0.80
M, (MeV) 939+ 039" 1428 1385 039" 939 ", {n m.) 187 107 274 3 43 190 279
M, - M, (MeV) 293 293 283 310 293 293 &, (n.m.) ~1.31 ~1.24 —2.24 ~1.98 -127  ~1.91

M |. ZAHED and G.E. BROWN, Phys. Rept. 142, (1986) 1—102.

2012/12/7 Skyrmion Matter @ SCGT12 5



Soliton periodic in space

B Klebanov, Nucl. Phys. B262(1985)133.
B Goldhaber & Manton, Phys. Lett. B198(1987)231.

Skyrmion Crystal

X

High density, chiral symm.
restored: *U* =0 in each
cell (half skyrmion symm.)

Low density, chiral symmetry
broken by Skyrme crystal as in
vacuum

2012/12/7 Skyrmion Matter @ SCGT12 6



Single
Skyrmion
1] \ FCC
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11 F b | // |
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10

B Hee-Jung Lee, Byung-Yoon Park, Dong-Pil Min, Mannque Rho, Vicente

Vento, Nucl. Phys. A723 (2003) 427-446
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“Z1tr(U )= o

" single skyrmion FCC
<tr(U)> ¥ 0




E/B

1.0

S Dense Skyrmion matter
v
>
S -
P Uz, 1) = VU Us VU,
.S \
e
> lassical
7 fluctuating classica
: dense matter
pions ,
config.
X
13 —p—7——m——7m———————7——
¢ m=0
o mﬁ=140MeV
— — half skyrmion CC
— single skyrmion FCC
1.2
\ %
gh‘
“EI:
1.1 F
' stable inhomogeneous phase ]
\\ — T
Neew” __ sbleinmomogencousphase
1 2 3 4 5 5] p
L P/Po

B Hee-Jung Lee, Byung-Yoon Park, Dong-Pil Min, Mannque Rho, Vicente
Vento, Nucl. Phys. A723 (2003) 427-446
2012/12/7 Skyrmion Matter @ SCGT12 9



» QCD at very low energy i1s well modeled by nonlinear

sigma model .

» Nonlinear sigma model, stabilized by Skyrme term, 1s

an effective model for baryon.

» Single and multibaryon system can be unifiedly

described in Skyrme model.

2012/12/7 Skyrmion Matter @ SCGT12
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Questions may be asked:

> Does Skyrmion matter really describe baryonic matter?

Deviation!

> What will happen when energy scale increases?

More resonances appear. » More complicated model



E = massive vector » Find redundancies in the chiral field and introduce associated
mesons appear gauge symmetry to capture the physics of vector mesons

The NL* model is gauge-equivalent to HLS and the vector
mesons so generated can be identified with the hidden local
gauge fields.

To fix all the LECs, we resort to holographic models!

The effect of the heavier resonances on Skyrmion properties can be self-consistently calculated.



f Vector

The holographic model

S = Sppr + Scs <— ¢S term

where
Sppr &~ Sym = —k d*xdz : r ._7:2
2e(z)? e
P
N /(216m3) Effective YM coupling depending
: on the holographic direction z.
: L -
Consider N, = 2 A = Asue) + zAu)-

2

_ 1 1
g 2 2
SYM = —h-/d xdz 2e2(2) (trF + 2an)

N, N,
Scq = ANtrF2 + AN F2.
CS = 6n2 ' 0672 f

2012/12/7 Skyrmion Matter @ SCGT12 13




I'The role of the infinite tower of vector mesons in the baryon structure can be

L studied in the approximation that the space i1s flat and the CS term is ignored.

The BPS Skyrmion

B Hata

The leading O(*) .

et al, PTP117(2007)1157.

B Kaplunovsky et al, JHEP11(2012)047

Consider the 5D 1

Euclidean YM action S = -5

|

where A

Frin = OmAn

E > 872
1

T2

B

B

N * T
Fyun ="Fun 1

-

2012/12/7

. Ja Aa
= T94°

<€

/tl'(xFﬂ_fN*Fﬂ_fN)dgl,{f dz

d*r d=.

/tlFiﬂ

- arw%m T :iilm- fln
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1

[ =

The more vector mesons are included, the closer the static energy goes
down and approaches the BPS bound. In other words, the higher tower
of vector mesons drive the theory to a conformal theory.

" E©) —1935(872B).

. #

B Paul Sutcliffe,
o EWM =1.071(87%B) JHEP 1104 (2011) 045

", ",a; E? =1.048(87%B).

The full tower will bring this to the bound E¢”) =8 -2 B

¥

The high-lying vector mesons make the theory flow to a conformal theory.



Comments:

» The BPS Skyrmion, no repulsive interaction. Should consider the
deviation of BPS.

» To next order in *, the metric 1s curved 1n the holographic direction.
To that order, the Chern-Simons term enters bringing in a U(1)
degree of freedom, 1.e., the * meson and its tower.

» We know from nuclear physics that the * meson brings in repulsion,
without which nucle1 will collapse. In the Skyrmion description,
what 1t does 1s to make the soliton mass appreciably increased
compared with the one without it.

» It is clear from the above consideration that both the warping of the
background deviating from the BPS structure and the Chern-
Simons term needs to be confronted.

» We have to address the infinite tower structure in the presence of
warping and the Chern- Simons term including all the terms to

O(-9) .

2012/12/7 Skyrmion Matter @ SCGT12 16



ties in the Hidden
om Holographi

» Skyrmion has been studied based on the O(p?) HLS (f., g, a).

. o T ) B |garashi et al, Nucl.

» The ambiguity in the value of “a” results in a large uncertainty on the soliton mass,
hinders systematic investigation on the properties of a single Skyrmion and
baryonic matter.

» The description of baryons as Skyrmions is supported by the large N, limit. In the
HLS, the higher order terms such as the O(p#) terms are at O(N.) as well as the
O(p?) terms. As a result, in the N, counting, these higher order terms should be
taken into account.

» By making use of the hQCD, we fix them in a controllable way. Furthermore, the -
meson is included through the hwWZ terms whose parameters are also fixed by
the hQCD.

2012/12/7 Skyrmion Matter @ SCGT12 17



Skyrmions from the Hidden Local Symmetry Gl =5 ( D, Rl + D,u{ngJIE)

1
%
. 1
&1y = 57 (Duknh — Dugr])
(L =Ep=E=e"/2

Consider two flavor, to O(p?)

‘C’HLS — ﬁ(j}) -+ 5(4) nE [-:a.no[n-_ £a.110m-

- 0 { TN 1 TS MY Da : = ‘}1 —"1;1
L) = f2Tr (a.L#ai) +af?Tr (a.”#aﬁ) — @Tl (Vi V) L 53__; (O, V, jffR__L
‘|'V:"£ = — . .
£(4) 25(4)3} +£(4)z F 2( ; +P_L)

- - ~ L&

_ B3 ~ P~ - - N L . . HA AV . P
Loy =y Tt |:CIJ_1_£(—£J_CEJ_ } +y Tr[alﬂaj_uaj_ J_i| + 3Tt [ama”a”uad + y, It [G‘Ilﬂalvﬂllﬂl
da ara. avl o S~ A Afap ~ A AvAl
+ y:.Th [ahiaj_a”pa”} + y It |:Q’J_j_f_aJ_Uﬂ” ”} +y-Tr {QJ__MQ,J_L,Q, |a|}
s apa A S s A apAv
+ yg {Tl [QL_“&” QG J + T [aj_ﬂa”pala J } + yo 11 {GJ__MQHMQJ_QH} .

Loy = iz Tr [V a1 | +iz,Tr [Vawafiat]

N,
ﬁanom = = *iﬁi-.
1672 ; cii

Parameters (17):
L1 =iTr[a] g — aRay],

f.,88,¥1 " Yo 24 25, C; " C3
Lo =iTr[ayagdy g,

L3 = Tr[Fy (Gy,6g — Gray)), B M. Harada and K. Yamawaki, Phys. Rep. 381, 1 (2003).

2012/12/7 Skyrmion Matter @ SCGT12 18



Parameterizations and B.C.s:

§(r) = exp [-r'.*r - T:FS’)} F0)=m,  F(x0)=
G(r) G0)=-2, G(o0) =
wy =Wi(r)oou, po=0, p= - (r x 1) W'(0) =0, W(o0) =
qgr
Collective rotation, field excitations and B.C.s:
E()—>£(rf) A(t)€(r) Al (1), | .
i -2 = A" ()0 Alt).
Vu(r) = Vi(r,t) = A V() Atw), T (£)%A4(¢)
O t) = A2 [r- Q&) + 7 7 Q-7 6] AT@D),  €1(0) =& (00) =0
o) §(0) = &(00) =0
w'(r,t) = . (Qx7), (21 ©(0) = p(oo) =0
i +1) j(7+1)
M = M_,; + 5T = M., + 5T

2012/12/7 Skyrmion Matter @ SCGT12
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In order to intuitively see the effects of the vector mesons on the
Skyrmion size in a simple way, here we consider the winding number
and energy root mean square radii.

I - /2 L
i e i ( rg.ﬂ_{g = d>rr? BU{P] B" = T sin” F—.
number radius A ; .

Energy root mean | ,
square radius \

V1/2 1 3 9, .
: — f‘ R _-]if.w e )
E |:—'n‘f.-.;<:+1 ./(] o . 1{? J:|

T

1 .
| Soliton mass
1

L(energy) density



r

B M. Harada, S. Matsuzaki, and K. Yamawaki, Phys. Rev.
HLS from hQCD models D 82, 076010 (2010).

; 2
S'} — S.]-:}BI + Sfé:':—b : : f; =N G'I "'-.IJIK K /dzﬂg(z] |:T,uﬂ(3):|
= |
| Laf? = NGy Mi g Ay (U3),
SPB — NGy [ d‘im{ ikEmE,eey§ e T Nk )
: 2 1 1 2
1| o = NeGyn (Y1),
+ Ko(z)M2 ;- Tr [.FM.F“E]},: P 9 s
N : : Y1 = Yo = —NcGyy <(1 T — wﬂ) > ;
g¢s = e / ws(A) il T | 0
2472 Japaxr : I Y3 = —Ys = —NcGyy <L§ (1+4) > )
. I §
ws(A) = Tr [,4;-2 + AT - 11—0,45] L Y5 = 2ys = —tg = —2NcGyy (V703)
b ’ Ye = — (U5 T ¥7),
‘ N b1y =2NoGyy (91 (L+9y) (1 +2; —45)),
Mode expansion 1 | anr |
: I 24 =2N.Gyy <’¢'1 (1 + U — L’{J)}
AE (2, 2) = 6y, (@)1 (2) + [ (2) + V()] : | 25 = —2N.Gyy (W2 (1+1,)),
+ by ()01 (2), 1! (1, 1, 1
| ] : € = (Yot (%0 T ¥ T 5 :
_Kl (*Z)()E [Kz (Z)ﬁan{Z)] — }"Hln(’z) : | . 1 1 1 1
i . . i
------------------- .--------------' : €y = <<w[}-a_;:1 (—5@’{] tTe¥itTo¥iT E) >> )
16 parameters in terms of | 1.
2 parameters: Gy,,, M 1 3= <<§’*'+'"cﬁ5’f>>
Inputs: f., m.. I
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» Physical quantities are parameter “a” independent.

» (S terms are responsible for the omega meson repulsive interaction.

B YM, G.-S. Yang, Y. Oh, M. Harada, e-Print: arXiv:1209.3554 [hep-ph] .
M YM,Y. Oh, G.-S. Yang, M. Harada, H. K. Lee, B. —Y. Park, M. Rho, Phys.Rev. D86 (2012) 074025.



Skyrme parameter from hQCD models

P = = i e e . = — I
I0riginal Skyrme f2 I ' ot 2]
:mo del Lo = - Tr (9 U*UT) + 9 r [0,UUT, 0,00
|
: Lewpr = f2Tr [o 0t ] :
IIntegrate out all ( 1 a0 Y — .ffz) 2
+ | =— - = - Ir o, o, I
:vector modes 292 2 - [ 10 |
yp T Y 2 I
I L N 2Ty {("U_#_ “J_u} (: I
R e R
: 1 B 1 Zy Yy Uzi
| T -
LQ( 2 2¢° 2 4 1
< o~ 731 ss model

» Both values are larger than that used in the original Skyrme model because of the
contributions from y1, y2, and z4 terms at O(p4).

» Skyrme parameter value depends on geometry .

» Moment of inertia = 1/e3 in the Skyrme model, larger value of e, smaller moment of
inertia = larger *-N mass splitting:



Numerical results:

In hQCD models, the mass scale M, and the 't Hooft coupling G,,, are free parameters.

m, = 775.49 MeV,
fr=92.4 MeV.

Three versions of HLS:

1. HLSincluding =, =, *.
2. HLS without hWZ.
3. Skyrme model from HLS

Two hQCD models:

1. SSmodel (HLS, ): Ky(z) = (1 + 22 )3, K,(z) = 1 + 22;

B Sakai & Sugimoto, PTP113(2005)843,114(2005)1083.

2. Flat space (BPS): K;(z) = K,(z) = 1.



HLS: (7. p,w) HLSy (7, p) HLSi(7)
Mo 1184 834 922
Anr 448 1707 1014
V) w 0.433 0.247 0.309
V) 0.608 0.371 0.417
Soliton Mass Moment of Inertia
2000 ' T ' T ' | ' :
T 0®) -— BWZ
1500 - —— op) L 08
" Hos
1000 - .
é I - —Ho4 E
5 5001 — <
= = o —0.2
_500:_ | | MHHE_ | L H:_Olg
1 2 3 1 2 3
a a

» Lessons from nuclear physics indicates that, the omega meson brings
repulsive interaction which prevents the nuclei from collapsing and the
sigma meson brings attractive interaction and the near cancellation of the
these to interactions gives the small binding energy of nuclear matter.
Sigma meson 1s important!

2012/12/7 Skyrmion Matter @ SCGT12 25



e baryoni

B YM,Y.Oh, G.-S. Yang, M. Harada, H. K. Lee, B. =Y. Park, M. Rho, in preparation.
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Product Ansatz a0 |

U(z) = AU(Z — #,)A'BU(& - l N
— Lonfiy.

= V. T Canfig B

¢ ~ 3 t + .

v i T —— Config. C
a0 t '. '

i

ut
o
I-Lll:IZI
0
A
B Park, Rho & Vento, Nucl. Phys. A736(2004)129.
40 . . . - L . . . . L - . -
. . 0.5 1.0 1.5 2.0
A) no relative rotation. d (frri)

B) rotated by an angle /2 wrt the axis parallel to
the line joining the two skyrmions.

C) the angleis r and the rotation axis is FCC Crystal
perpendicular to the line joining the two — B H.-J. Lee, B.-Y. Park, D.-P. Min, M. Rho, V.
skyrmions. Vento, Nucl. Phys. A 723 (2003) 427.




Ux+L/2,y+L/2,z) = 1, Uxy,2) 1,

Ux+L/2,y,z+L/2) T, U(x,y,z) T,

Uxy+L/2,z+L/2)

T, U(xy.z) T,

¢5 =Y _ By cos(max/L)cos(mby/L) cos(mcz/L).

@0/ abe
¢7 = _ajysin(rhx/L)cos(rky/L) cos(rlz/L),

X hkl

B M. Kugler, S. Shtrikman, Phys. Lett. ¢7 = Zaﬁﬂ cos(mlx/L)sin(why/L)cos(kz/L),
B 208 (1988) 491; Phys. Rev. D 40 hkl

(1989) 3421. ¢T = Z ajl cos(wkx /L) cos(mly/L)sin(whz/L),

Symmetries of the FCC skyrmion crystal hkl
Reflection 3-fold axis 4-fold axis Translation
(vz-plane) rotation (z-axis) rot.
(x,y,2) — (—x.y.2) (v,z.x) (x,2,—¥) (x+L,y+L.z2)
U=o+it-m — (o, —my, M), m3) (o, my, m3. 7M7) (o, my.m3, —77) (o, —my, —my, m3)
P = EaipPp — (—P1.£2. P3) (2. 03, P1) (P1. 3. —P2) (—P1.—P2. P3)
@0, X —> Q. X w0, X Q. X Q. X
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» For HLS(*,=,*) and HLS(=,* )
n,,, appears almost
simultaneously as the n .. of
the Skyrmion energy while in
the minimal model n,,
appears before n_.. of the
Skyrmion energy.

» For HLS(*=,=,*) and HLS(*,* )
both n,/, and n_,;, appear after
the normal nuclear matter
density n, while n,, for the
minimal model appear before
No.
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» At high density, the repulsive interaction from the hWZ terms is very strong.

» The O(p?*) contributes only to a attractive interaction which is because, in the HLS
reduced from hQCD, there is no omega meson effects in these O(p?) terms.



ons and Persp

» Baryon and baryonic matter properties is studied using the HLS to
O(p% (=,=,=). We use a general master formula to determine all the

LECs self-consistently from a class of holographic QCD (hQCD)
models.

» The hWZ terms in the HLSS induced from the CS term in hQCD
models are crucial for the inclusion of the omega meson effect in the
baryon and baryonic matter properties.

» Analytically shown and numerically checked that baronic matter
properties are independent of the parameter “a” in the HLS.

» The results clearly show that both the * meson attractive interaction
and the = meson repulsive interaction affects on the Skyrmion
properties.

» Since the hQCD model used here is justified in the chiral limit, our
study 1s performed in this limit. Therefore, we can not expect our
results to give reliable prediction for all the physical quantities,

sespecially those depend on.the quark-mass. 32



» Our results of energy are too large to reproduce the nucleon and
mass. Other meson effects?

» Lessons from nuclear physics indicates that, the omega meson brings
repulsive interaction which prevents the nuclei from collapsing and
the sigma meson brings attractive interaction and the near
cancellation of the these to interactions gives the small binding
energy of nuclear matter. How to include the sigma meson?

In progress/

» This approach can be straight forwardly applied to TC Skyrmion
case.

Holographic + phenomenology
Skyemion parameter e calculable.

In progress/

2012/12/7 Skyrmion Matter @ SCGT12 33
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Thanks !
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The Euler-Lagrange equations for F(r) and G(r)
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T T

5 F
3 (G‘—I—Qﬁin2 E)
g*W? F g? N 2 .. F g . 5 F
+ 1y 5 (G+25in2 E) — ySI (F’“—i— T—QsiHEF) (G—i—?sin2 E) + (2yg — y7) 53 sin? F (G—i— 2 sin” E)
2 p) 2
9” e o F g 2 9 .2
+yg?F; (G—f—?sm 5) —z4?c.osFF‘ +z42?—_2&.m F(G+1)
2

+ 25% [(G+ 1) (G + 25sin’ %) +G(G+ 2)} (G—|— 2 sin? %)
"

+ g W (G + 2sin? %) + aszg? [QW’ sin F — WF' (G + 2sin? %)] . (A12)
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The equation of motion of W reads

2 22 1 F\?
W= 2W - ag W + (s + 1) °W [g . (G + 24in? 5) ]

4 72 2 2

2 =2 1 2
— (y5 + ¥a) gW (Fﬂ—l—gsiniF) _alsm FF'—::EEF (G’—I—Qsini %)

%3

+ = [(G2 +2G +2sin® F) F' +2cos F (G+2sin2 %) F’+4s:i_nFG’] :
;




L=dn f dr [Z(2)(r) + Za) (1) + Zanom(r)]

2 ‘ 1 . | , F\?
Is(r) = gfgrz sin® F + gﬂf—.ﬁfi [(51 +52)2+ 2 (51 — 2sin’ E) ]

1 . r‘
— <ag’ 2" — = y (3¢ +2¢7¢h + €2)

+3;;292(51—1)(§1 +§2_1)+3_22(G2+2G+2)E§‘




Ty =3 vly, + 3 =L,

T, (r)= —%?‘2 sin? F (F’Q + %sin2 F) ,

Ty, (r) = %7-2 sin? FF'"?,

b

2“’ (C—I—Qsm —) 51—251112%)

]_ 2 F
Ty, (r)= —Egzap { w2 — 3 (C—f—?bll’l 5)

Lo oo 1 o F :
57 g W 3(G—|—2&,1n 5

F\?| 1 : F F
(6 +&)° +2 (gl — 2sin? —) 1 E—— [ Wyp—8 (G‘ + 2sin’ 5) (gl — 2sin? 5

2
+ (fl"’fz} +2(f1_2-‘=1ﬂ };) ]:

2 12
1 . F 2 92.n°
—|—§ (G‘FQSIDQE) [ 7: (fl‘f'fE}]
2
1 . 29 2 2yir2 . 2F
Ly (r)= Esm“F reg°W<s—2( G+ 2sin 5
r2 2 2, 2
2 2--2 _oun E 2_9g¢
BhT (F g sin F)12(& —2sin 7 + (& + &) 52 | -
o= La2r (o — 92\
Ly, (r)= g sin F(Jgﬂ- —;) ,
0N 2
1, (r)= ésingF {(rg“" — 92—:) +4 (G+251n2 %) (51 — 2sin? g)] ,
M = L2 L Lo F L F
Iya(r}—gsm F{(:g“ —g) —4(@—1—2&.111 5 & —2sin 5|

o

T
Ly, (r) = 59 W

Ly,(r) = 192{1,25111 F + F’° (51 _ 9sin? %)

,‘,.2

12

L,(r) = 2 sin’ FG(1— &) +&] -

2 2 1 5 9 z 2 .
(F’Q—T_—Qssz) (& +&) +ﬂgb¥/‘” F"E—FT—QSlﬂEF)a

2 sin FF'¢],

L e

1. t0ysae G+ 2sin 5 ) {[G (1 - & =gt ® Sylc (1 -6+ &) (&



gN.
o2 (c; — ¢y) F'sin® F
gNﬂ ( I F
— cy + F in>
2.2 (€1 cy) P (G—|—2sm E) (51 — 2sin? %)

 S— (T) =

gN.

+ 57 F’

5C34 @ (G&H —G —& — i

Y. { 1 & 2‘&2)—|—<,L:FE~1[|JI~7'(E"1—G”')—I—{,t:v*"s:th(G—El—l—ilsillﬂr )}
5 ) (-




Then the equations of motion for &, &, and ¢ are

2
fi’z—?_&iﬂggfi(l 2sin” E)+G—(£1—1) (G+1)£2+ (fl—Fz)

2
3 3
g°N, F g° N,
"3 T e)el (G+25m _) T 32022

5 ————c, [2(,0 sin ' — @F" (G—|—2S]J1 F)] .

2

2 F G?
& = _;fé‘l'ﬂQvaf (£2+25i112 E) +T—2(£1‘|‘2£2_ 1)+ (G‘Fl)fz"‘ (3}-2—-7'-1)
g° N,
32722

3
g Nc ! : QE '
+ 39.2,2 (e1 + o) F (G—I—?sm 2) + ——=—=c3[2¢'sinF — oF' (G+5—cos F)],

2 3gN, N, F
o= T—zip-l-ang,_frp—?:fg — Sg:q-; (eq —cz)F’sinﬂF—i— gﬂ_ (¢ +¢co) F' (G—|—251n —) ( N — 2sin? E)

+ g—%cﬂ{zsmF(G’ — &)+ F [G(l +cosF)—§& (G — 2sin? %) + 26, + 3sin? F — 4sin? g] }
m




2
r2g*W? — % (G + 2sin’ %) ] (361 +& — 4sin? g) }

+ y4{f'2g2§-'1’r2 (351 + & — 4sin? g) + %g%ﬂp (G + 2sin? g) g (G + 2sin? E) (& + fo]}

2 .o F
Fi = yS{ggzﬁf-p (G—f— 2 sin? E) +

r o, 2 o F 2 .5 o F
s (F —1—?_—2::111 F) (361 + & —4sin 5) —f—(y-,—QyBJEam F ((}'—1—25111 E)
r2 .o F 1 5 2

+ yg? {FIFQ ({:1 — 251112 5) — E (F!“ T blﬂ ) [:{:1 +£q)}

—1—24% {—GsinzF +7r2cos FF? +r%sinF (F" +EF’)}
-

4

o F . o F
—253(}' (G—i—?sm“E) (1—261 —§2+sm2§),

2

2 F\2 N F\?2
Fo =1y [ 2g?W? — 3 (G+2mn 5) (&, + &)+, [rgg%’" 3 (G+25m —) ] (&, +&5)

.2

T ; 2 . 0 1.2 ! 2 .
“ U (FQ‘FT__QE“H"F) (51"‘52)_3}9? (FZ__QEHHQF) (& + &)

T

—|—z4§sin2F Z53 (G—I—len z) lG(l—le)—Q(G—i—l)gg—Qsinzg},

1 , 4 A L F L F
Fa = _936929’9 [921 -3 (G+25m2 3) ]—I—yg 7w (G—I—?sm“ E) (51 — 2sin® E)

T

, 12? 2917~ 1.2F 1_2}7 . Qgg.n _.QF
Yagd W lg We 4(G+2*’m 2)(‘51 2sin 5 —|—y43 2 G + 2sin 5

b 2 p
+(yr+ng—9 Q(FerT_—QSmQF) (ya+y~+298)—5m1’(9“—2-,—.z)-
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