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Abstract

Research on the sum rule and dispersion relation of QCD

Author: Qin Yang

Tutor: Zhao Zhenxing

Quantum chromodynamics (QCD) is an important part of the standard model of particle
physics. It has many similarities and some important differences with QED. In QED,
electrons are the most important particles. They continuously emit or absorb photons, so that
we can see many laws and phenomena in the material world under the electromagnetic
interaction. In QCD, quarks, like electrons in QED, become our "protagonists”. They also
emit or absorb standard particles called gluons, showing us another kind of universe The basic
field force -- the charm of strong interaction. The first chapter is the introduction part. The
second chapter will introduce the basic particles, basic interaction and the main object of taste
physics research of the standard model. The third chapter will formally introduce the
important tools of QCD, and the specific content of QCD sum rule method. In Chapter 4, we
study a single loop graph, and verify the double dispersion relation which is very important in
the QCD summation rule by directly calculating and calculating the dispersion relation

spectral density. Finally, the main results of this paper are briefly summarized.

Key words: quark, QCD sum rule, dispersion relation
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TR SR B AR
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1 00
M(g*)=—], ds
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4.1 HIFTEXEKERY

i o]
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WATCAE 4.1 ROIHEATIFR, XA = EIRE F T RFRE, WA R
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(A + XA, +XA)
= 2 didx, xS (x + X, + %, ~1) (4-1-4)

=2 J.Ol dx,dx,dX,0 (X, + X, + X; —1)

* 1
{Xl[( P — k2)2 - m12]+ X, (k22 - m22) + Xs[( P, — kz)2 - miz]}3
T

szjiwz

22)’ Ed)(ldxzdxs&(x1 +X, + X, —1)

. (4-1-5)
{Xl[( P~ k2)2 - m12]+ X, (kz2 - mzz) + Xs[( P, — kz)2 - miz]}3

N AT F(4-1-5) B AR o o BE BT AL P

Xl[( P, — kz)2 - m12]+ X, (k22 - m22) + Xs[( P, — k2)2 - miz]

2
= Xl( p12 + k22 -2 plkz - mlz) + X, (k22 - mzz) + Xs( p22 + k22 -2 pzkz —-m, )
=X p12 + X1k22 - 2)(1 plk2 - le12 + szz2 - X2m22 + X p22 + X3k22 - 2X3 pzkz - Xamiz

2 2 2 2 2 2
=(X1+X2+X3)k2 —2le1k2—2X3p2k2+lel — XM =X M, +X;0, — XM,

2 2 2 2 2 2
=kz —2le1k2—2X3p2k2+lel = XM =X M, +X;0, — XM,

2
= (ky =X,y — X p2)2 — (X Py + X pz)2 +X p12 - lel2 - szz2 X pz2 — XM, (4-1-6)

BATL L=k, =% p,—%p, » WA (4-1-6) -

2 2 2 2 2 2 2 12
l — X P — X0, _2X1X3plp2+xlp1 — XMy =X My, +X;0, — XM,

2 2 2 2 2 2
=1 +X1(1_X1) Py +X3(1_X3) P, —2X1X3p1p2—lel —X;M, = XM,

2
=0+ Xl(l_ Xl) p12 + Xs(l_ X3) p22 + X1X3(q2 - p12 - pzz) - X1m12 - szz2 — XMy

2 2 2 2 2 2 2
=1 +X1(1—X1—X3)p1 +X3(1_X1_X3) Py +XXq° =X M — XM, —X;M,

— 02 2 2 2 2 2 2
=0 XX 00 HXXP, X X00 = XMy — XM, — XM, (4-1-7)

B4 A=—X%, 0,2 — XX Pyt — X X024 XM+ Xm,2 +x,m,, TR (@A-1-7)fkHy: 7 —A

Fr A A (4-1-7) B3 5 iy A 2((4-1-5), 1531:
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d’k, 1
IT—46§FLWﬂ&Wﬁ@ﬁ%ﬁ%yﬁhﬁjZF (4-1-8)

2 (4-1-8)%F B PU4EBh S A 7 20

d
a1 iT) g
J(znf @Z—Ay‘:( ); Ian (Z) 2 (4-1-9)
(47)?
FERE A AR @-1-9)h, 5,
@) (P-A)P® 327x°A

B Jr AR 30 (4-1-10) A1 22K (4-1-8)h,  FRATTHUAG 2] 1 SR B e H i 26— PRI 3

1 —i
1= J; dx,dx,dX,0 (X, + X, + X, —1) 16(37r2)A

1 1-% B
Lm& dx, (-A) ™ (4-1-11)

i
1672

4.2 XERERHHEHRSEN
N TR I W E A EOR AR, A0 R EAF BB IR ORI ek Hhn T i iR 7

w & s,S,,0°
H <p]_z’ p22 1 qz) = J.mlz dsljmiz dX2 (S ﬁ_)(pj-Z)(zs q_ )p2) (4'2'1)
1 {WACY] 2

oo, AT m A m R 2

£ L p(s,,s,, Q%) T2 i 2% % -

2 2 2\ _ (—2721)3 l o
p(plipziq )_ (2721)2 (27[)4 A (422)
Horf,
1, = [dks(k? -mP)sK,? -m, )k, —m;) (4-2-3)

- Id4k25(k22 _m22)5[( P~ k2)2 —W\12]5[( P, — k2)2 - miz]

1 2
:jdskz E5(p12 +k22 —2p1k2 _m12)5(pz2 +k22 _szkz —my )
k
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k
= jdskz %5( p,”+m,” —m* —2E, p! + 2|K||p,|cos O)
k
*5(p," +m,* —m;” —2E, p) 2k p,|cos )
= jdkz|k2|2d cosédqﬁ%é( p,”+m,” —m’ —2E, p; + 2| p,|cos )
k

*5(p," +m,* —m;’ ~2E, pg ~ 2| py|cos0)

= [kl @7 QWMHE[“+“+M F-m,” —2E,(p! + p3)]
l

©(p., p,)

= Jdlk, |||<|(27r)2|k v |2E ——0[2E, (0 + p3)— b’ — p,” +m’ +my —2m,’]
1

©(p,,p,)

= [dlk,[E, (27r)2|k T |2E = 8[2E (PP +p9) - p - p, +m’ +m —2m,’]
1

©(p,,p,)

:%J-dEk ﬁﬂZEk(pf +P;)— plz - p22 +m12 +mi2 —2m22]
Py

O(p.,p,)

7z1 1

2 |pl| Z(pl ) (pl’pZ)

2(p; + p3)
2 [al(p, + p,)% b, p,2 2P+ P2)

T

) ZJA[( B+ P2)%, P Py ]
AT 8 2 S R (4-2-3) e 4b i T :(4-2-4) i, 45 T kA 1%
2 (4-2-4) F1 2 (4-2-2) A1 2 S BR ek B (LU 0 2o (4-2-1) . 1531

I\Jlkl

O(p.,p,)

O(p.,p,) (4-2-4)

(=27i° 1 (= = O(s,,S,) i
H (pZ,pZ,q2>: . , 1192
1 (2A)* (2x)* I l‘[ml (S —p7)(s, - p3) 2\/1[( P+ P2)% PrL Ps ]
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