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NON PERTURBATIVE EFFECTS AND QCD SUM RULES

H.R. Rubinstein

Weilzmann Institute of Secience, Rehovot, Israel

Chalmers University of Technology, GSteborg, Sweden

-Introduction. Consider a polarization operator generated by some current, physical
or unphysical, that has the general form j(TI')=qlq. The correlation function of this
current generates, to zeroth order a quark loop in a given partial wave with quan-
tum numbers determined by T'. At very short distances because of asymptotic freedom
the amplitude is determined by this term. Separating the quarks (by taking deriva-
tives in the conjugate variable) one must include corrections. Gluon exchanges
cannot keep quarks from escaping. Therefore, after normal ordering other operators
besides the unit operator survive. Their Wilson coefficients are calculated pertur-
batively while the matrix element, which cannot be evaluated, parametrizes our ig-
norance of what goes on a long d1stance . These operators like <GG> and <gg> are
gauge and renormalization group invariant and therefore universal. The expression
obtained is now matched with a sum of resonances and eventually a continuum. One
therefore obtains a determination of masses and couplings in terms of fundamental
Lagrange parameters.

Since earlier work has been described in earlier conferences (1 I will make a cri-
tical evaluation of these results and discuss new calculations (2,3,4,5,7,8,14).
Heavy quark systems. In this case the mass of the quark fixes the scale. The deri-

vatives of the polarization function become:

M‘J=1/n!(-d/dQ2)nTr‘J(Q2) 2- 1/ﬂfImﬂ(s)/(s+QO)n+1

where QO is a spacelike reference point upon which the results shou]d not depend.
In the QCD side we have MJ(g) (1+a (J, g)as+bn(d £)¢), where &= QO/4m and

b= 4“ < ﬁf GJLGUV>(4m -1 s the famous gluon condensate. On the resonance side
Imn( )= 9mﬁ/4gzd(s m ) + continuum. Saturat1ng only with one resonance one obtains

the formula: (g) (M2+Q2) . In figure 1 one sees

Mmoo« the result for a charnon1um state (2). The breakdown
&a} % v for high n signals as it can be checked that the
" L theory is no longer valid. For small n the disagreement
3¢ b = 1 has to do with the breakdown of the one resonance
34 ‘?LM‘N approximation. The smooth matching works too well.
I b) For the vector current and n=4 the ¥(3100) is suffi-
38 £ cient to saturate as it can be checked directly from
x N experiment. One may ask which are the parameters in-
3.6 « « volved. For every flavour there is the mass of the
x x> 350 quark (mu=md=0, etc). For all partial waves and fla-
- 9 , vours one has AQCD and the values of the matrix ele-

. = ana .
ments 1ike <qq> and <Guveuv>° AQCD agrees with pre-

sent estimates and the others have been established
by other meth?di Tike current algebra and lattice
Figure 1 simulations.
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Though there is no systematic study of higher dimensional operators and many times
their Wilson coefficients are not known. In all cases when estimates are available
their effect is small. Other hidden parameters are: 1) threshold values for the
continuum. In charmonium these effects are very small, in baryons too. For massless
quark systems these effects are essential but physical assumptions or experimental
information unables the practitioner to make accurate predictions. 2) In the case
of baryons there is ambiguity in the choice of current (7,8

S0 = 3.01 .02 Gev As an example we see the masses predicted for the char-
3 monium states and some results on the bottonium spect-
S1 = 3.10 .01 Gev rum. In the case of the bottom quark there are prob-
3 Tems that require some further assumptions (9) but
P0 = 3.40 .01 Gev different techniques yield very simiiar results and one
3 is therefore confident on the results. These calcula-
P1 = 3.50 .01 Gev tions are the best known method to establish the mass
3 of the heavy quarks (10). The 1P1 state has not been
PZ = 3.56 .01 Gev observed but its po?;%ion seems to be predicted at
1P1 = 3.51 .01 Gey 3.51 by all models
-m. =60 M
m, =M ev2 )
m. = 1.25 Gev(p“=-m7)
c
_ 2__ 2
m, = 4.26 Gev(p“= mb)

Light mesons with 1=1. The Towest lying mesons were studied in Ref. 3. Here I de-
scribe the calculations of Ref. 3 which have completed the knowledge of the spect-
rum up to spin 2. In the case of massless quarks one must introduce a scale into

the problem. This is accomplished by calculating at q2 large and taking a Borel
transform.

2
Ly (@)=tim 77 and 0Z/n=w2 of (n-1)1710%(-a/a) 27 (¢?)  giving
Ly (@2)=(nti?) ™" 1 exp(-sP) 1mr(s)ds

In the case of the Ay meson which we discuss as an example the polarization operator
2y 1 asyn2y, Q2 . 1 ST 1 as d o
m(Q%)=—(1+ =2)Q"1u + — <0{m uu+m dd|0> - —5 <0|=2 G 0> +
(Q 8-”—2 TI')Q UZ 202 l u d | 2402 Iﬂ- uu\) u\)l
oL ~ 3 2 o, - 5 - .2
+ Eaﬁ <0] uypxau dypxad [0 >+ 56%(<0]uyuxau+dyuxad)(u§dqyux q)| 0>

where the operators discussed earlier are shown to appear. The others can be expres-
sed in terms of theseor estimated since their contribution is small. After a Borel
transform the sum rule (including the continuum which is important) reads

2 2 6
S S -So/M /M
2o 2SI o e

2
(1+ag/m[1-(1+ 38)]e>0/M" - D28 - g 1/

MR

A similar sum rule can be obtained using the axial current. The results seen in Fig.
2 are quite satisfactory. In these cases the continuum is important but the value
that gives best results is very reasonable. Large number of states can be calculated
except for the B meson where accidentally the presence of subtractions makes the
calculation impossible. Couplings as shown can also be calculated. For completeness
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o 1 750430 776
' 170 75030 780
w kv 172 90 892
7% o 1% 1070 1020
5 Cesass e s s £ 20 170 1270
16l wl = 20 4500 1516
ral e A, 21 4320 1317
. 10 18 25 34 42 [T
120 ., BOREL K 2 1420 1434
L YREAL R e exe exe e oo s o' 1000 981
4.0 x +0
o178 S 1000 980
oo e 0*0 1350 1300
os}- P M 1100-1300
+0
06 10 14 8 22 26 30 34 38 42 D 1+0 1270 1285
M e E1 1460 1418
R 1+1 not
available1231
Figure 2 Ay 271 1630 1660
Theory  Exp
Table 1

f =00 2125 Mev (133 Mev), & 2 =2.3:.1 (2.36+.18), £27=0.037+.003 (0.08) (5
e ev ev), 7ﬁ; =2,3+. .36+, » f . =0.037%, .

—— =0.16£0.02 (.16%.02)

Couplings for 2=0 and 1 light quark mesons

we include the results of Shifman et al without discussing them.(12)

Notice that the parameters are AQCD’ mn=md=0, m=150 Mev, <qa> (its. breaking is un-
important) and ¢. The small differences like f, A, can be understood (different

thresholds), but overall the theory predicts 1=0,1 degeneracy in agreement with ex-
periment. There are still conflicting models for QCD_sum rules on scalars
Qur results seem confirmed by lattice simulations

Light heavy quark systems.(16)(open bottom) Here we only mention that f _~200 Mev
(T0) which is imcompatibTe with models to explain rD+/rDo and mg+4+ - m0_¥=800 Mev.

This result is due to the term mb<ﬁu> which splits strongly opposite parity states.
This term seems "non-potential".

Baryons. For the baryon octet there are two possible currents. The natural choice
is the one that has an SU(6) non relativistic 1imit and couples to the non
perturbative operators. For the decuplet the choice is unique.

The nucleon polarization function is given by

sd*x €TP%<0| T, (x)7,(0)]0> = #F, (p2)+1.F, (p?).



C3-252 JOURNAL DE PHYSIQUE

On dimensional counting it follows that Fy is even and F, is odd. As a consequence
the function F2 is proportional to <qq> without a mass factor and is furthermore

enhanced by the elimination of one loop integral. It completely overwhelms the bare
loop term. The other sum rule is standard and several terms including the two con-
densates and bare loop compete. After Borel transform the two sum rules become:

2 2
6 2 . 2.(2’“’)4)\ﬁ e MN/M
_ 2
22 mt = 202mhi m e where a= -(2m)*@g>, b = <62 G5>5 and My is the
mass of the nucleon and A, the coupling to three quarks, a quantity that appears in
proton decay calculations {(15). M is the Borel variable as usual.

M8+ 473 a% - b
W2

/M

2

Solving for the nucleon mass one obtains:

2

My = 2a* /M0 + 473a% - oM

and a slightly more complicated
formula if the continuum is allow-
13— — — — — _—A ed. In Figure 3 we see the results
P ’ as a function of M. The results
Syl show how for massless quarks the
L e e =T LN chiral condensate generates the
9r e nucleon mass. The continuum im-
M . ~ o proves the results but it is a
R / < minor effect. Analogous formulae
sL 7 S can be written for the octet and
7 N decuplet and the agreement is ex-
N cellent. In the decuplet there is
_ > a_new operator contributing:
4L a=5 <363 )2a>=m<Ge> and its value has
- been estimated elsewhere. It is
interesting that these calcula-
tions_depend crucially on

4 .8 12 16 20 y=(<uti>-<qg>) /<uu>. (17)

Altowing for different strange and
Figure 3 u quark masses but setting y=0

drives the E below the . The

calculation also yields a correc-

MN=900(940) MA=1070(1115) -MZ=1170(1185) tion to proton 1ife§ime that
M=1370(1320) M*=1240(1235) M *=1370(13g5) ~ Seems to rule out simplest SU(5).
M=*=1510(1520) MQ_=1650(1670) It is also possible to apply the
theory to three point functions.
Table 2 though we cannot discuss these

results here L18), one can compute
the pion nucleon coupling constant and obtain
_ e M 2 1 -1
SN T TZm2 T, o M 75 (m,+my)
in remarkable agreement with experiment. Calculations of higher partial waves for
baryons show the negative parity states far above the 56 representation as desired.

Conclusions. A theory based on QCD and some dynamical assumptions about the conver-
gence of dispersion integrals can reproduce remarkably well the spectrum of hadrons
with very few parameters. Moreover it predicts the appearance of interesting terms
in the svectrum of these states. In particular: establishes the spin dependence of
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the confining forces are short distances and unables to demonstrate how chiral
breaking endows the proton with mass. There are also non local terms that are neces-
sary and their presence would be a decisive element in proving its validity. Lattice
simulations of these systems are of great 1nt?re§t. There is some work on lattices
that might explain the success of the theory (19). Chiral breaking seems to occur
at much shorter distances than confinement dressing the quarks and establishing the
properties of the bound states at short distances.

Because of time I cannot discuss other interesting issues like the Schwinger Smilga
Cronstrom gauge (20), further calculations on Wilson coefficients (21), form factors
and many other topics. References are for guidance only and certainly incomplete.

I would 1ike to thank my friends at Weizmann for discussions and my collaborators
L.H. Reinders and S. Yazaki that played a crucial role in all our results.
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