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Abatract

T+e corrections to the masses of intermediate vector bo-
aons oi weak interaction due to bound states of heavy quarks
are founl in nonrelativietic approximation. It turns out that
taking into account bound states of quﬁrks changes the values
of & - and W - boson masses negligibly.



Recently one-loop corrections to F - and ¥ - boson mas-
ses occuring due to the loops with Higgs and intermediate vec-
tor bogons and also with fermions (quarks and leptons) have
been calculated by several groups [1-5]. It turned out that the
biggest corrections come from the light fermions whose masses
are much less than intermediate boson masses. Taking into acco-
unt all the fermions leads %o the enhancement of boson masses
by approximately 3 GeV [1]. Accounting strong interaction in
firet order in ©Ofc leads to the additional enhancement of bo-
son masses by several hundreds MeV due to the light fermions.
Firgt order O corrections provided by ('.é,-:‘) ~doublet have pe-
culiarity (fracture) as functions of /% and are negative when

/7ty =:’”%Hé or Sy ==/ﬁ#""435 (1)

due to Coulomb interactian”. The possibility for 7 -quark -
mass to be sufficiently large to satiefy one of the relation-
ships (1) which means that bound quark state masses are in the
 vicinity of the appropriate vector boson maes is not excluded
by some authors (see, euieslT])s Bo iit-1a of interest to take
into account the effect of bound quark states on intermediate
vector boson mass corrections.

In zero approximation W/ - and Z - messes are given by
formulas:

M@“sz:ww / "™ ;J.s;,,mm,, (F5z

(2)

When taking account of vacuum polarization corrections to the
squared W/ - and 2* -~ masses arise [ 2]:

. My = Re 17772 ) 7%+ M /: - ,—9@,,-7(3)
N T ) P e T =T
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where the té}ms in square brackets are responsihle for the re-
normglizetion of low energy parameters in formulas (2}. Here

;7’;”_%;? *fﬂ.-ﬂ%/ - vacuun polarization tensor,

Y 1% worth nnZi that the sgingularity in palarizatiun cpera-
tor found in doesn't mean an infinite bogon msses correc=-
tion because this correction ig defined by the peosition of the
poles of boson propagater and is alwaye finite. In the present
case the formulass of 6 lead to amall ( ~#10 MeV) decreases of
bomson masses (in more detail ses below).

3



Ld=4ZW
We 'E:'L!.all confine ourgelf to the nonrelativistic problem.
Then ﬂ%’/y‘%’:_ﬁét*ﬁ@(@ﬂ) , where A% is the coefficient
in the quark-i-boson interaction vertex /;f'.—_-dil'/“;‘_/ﬁ";‘-é'%’-/’ .
éf@ﬂ} is the value of the Green function of two-guark eys-
tem when ~=/%=¢? (more exactly, it ie
‘éﬁ‘@ fﬁ-@fﬁﬁ’j at some venormalization point
A }:,{-ﬁ%ng-ﬁp%;f=;’?ﬂ_} J¢ is the reduced mass
of two quaiks /7%, /7% , coefficient 2 is conmnected with accoun-
ting gquark polarizations, F is the colour factor. We have:

a"=44 7%
2 ) =& psincy,

units of € .

- guark charge in

The effective potential between quarks at short distances
hag the form 5":-&"'5/,- s Where %=f%}ﬂ_§' ,aj—-::ﬂ’_r(?}?-
- running coupline constant
mitted momentum ~~%% 3

4 g
Xg (7)) = T /%]ifﬁfmﬂ/fﬂ) ' (4)

Here Afs’fﬁﬂ] - the number of flavours of the quarks whose
A ~100 MeV. For bound quark
states the typical distance at which &% is taken is A
where m:/fj&/:r/taa%-’-/ﬁ; J'I=1:,'A’_; Y o isg the number of
level, /4;,2 = 2%z . Thus, Q’g is determined by spelf-consisten-
cy condition %—/ﬂ,;’j&]: X

Let intermediate boson mass be in proximity fo corresponding

masses are smaller than ‘?,‘:g’r')

bound state masses, i.e., 2Z* = quark mass satisfies approxima-
tely one of the conditions (1). Then it may be accepted for
the number of the first levels szdzz that ﬂ:;- = 0.2 and for
the first 4 -levels - ofg = 0.25.

On the other hand, the effective potential is essentially
modified at the distances  a~ a where 03-1”'}*&) W T L
= 70 MeV 2'5‘22 = 140 MeV. The effect of these distances on
G4 (4&/ is described by power corrections ~tpae)® 87
where ," = L2 in the region of bound states. Thus, in the
region of first levels where :E#=/“g:/# B ®0G2qd iy
for .JZ‘— and easpecially for Z-‘ZL—- gystem this effect is small
enough to enable us to give the guantitative egtimate ofﬁﬁc@‘?f’
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at a diagtance /7 , i.e. at a trans-

» We shall tEﬂ{EA = TO MeVe

= SMEM)=C

in the Coulomb field approximation. The expression for 4:.':»::
in Coulomb field is teken frcm[B]. It can he written in the
following form:

Gatgor=—gutee 1 A% Bt S P
~v1)], )= Zle s |

Eere two first terms are nonrelativistig analogs 'of the contri-
butions to the vacuum polarization /74=5£&J£&@§/

of the zéro end first order in Gg correspondingly. In fact,
they were calculated in /1-6/. The third term is the sum of the
convergent nonrelativistic self-energy diagrams of all the or-
ders in & from the second. Thus, correction J@fcan be re-
nresented in the form /% .-_-arf/ﬂ'i‘ffz-ﬁé'ﬂﬁfﬁf’- ASTF
where 2= ,W 35 diH} de.;"‘, 7 are the zero and
firat order a_.’;'- GQI}tribut}ozls;j/g:zia found from the formu-
las ‘QBLwhere /?‘Eﬂ’zgﬂfzﬂ‘,?@ (@z:?) is substituted for
1% i (0@) = (17 e ) LW e 8 )~ LY -
The last expression has the noles when = 2= P =

= p&s /gy iees, when FE— or W -mase coincides with
the appropriate bound duark atate mass the corrections ar'/%?
caleulated with the help of (3) is infinite. This case corres-
ponds to the degenerate perturbation theory when the mass cor-
rection is determined by the matrix element for the transition
Z — z.‘z": or W—--.JZ‘ which is proportional tc-ﬁe first
power of & , the semiweak interaction constant. Because of
this one could expect considerable effect in comparison with
the ordinary perturbation theory with noncoincident massesg. In
the present case ﬁfz"z ig found from the equations /lrr;f—(’fﬁ’.%
= =, W, . i /Vzﬂ-—/,&{,w/z-
——fgrzf'ﬂg?z/:—"ﬁ , where the zero and first order &% correcti-
ons calculated in [1-6/ are included in /ﬁ;ﬁz{' /lf-ﬁ=

" ;!'g.{';’.,a;/fg;‘*”,:i/@ﬂ . We shall take the following va-
lues for masges: 2ZR=5 GeV, ;ﬁ?}iﬁev, Mfﬁ&(} GeVa
In fige 1,2 the dependences f/%(’%d Py P9
presented. They consist of a set of pesks whose widths are of
the order of their heights. Alsc shown are the dependences

74 — A
Jﬂf’,%/ g~

are Ié-—

taken from/6 /. When Az . there
is a singularity of the form /%-:QWZ%I&}@%‘%.




resulting in the peak ~~10 MeV in the dependence d’/ﬁjf@) .
Thieg eingularity cancel the coulomb singularity when@v‘%*/f;g-
in polarization operator in the first order inX¢ [b7. In ac-
cordance with this mentioned above the decrease -~ 10 MeV in
Jﬁfa?’/}zf) when W#&*M-— provided by the first order
correction’ Jﬁ :’%‘} is compensated by the increase of

é’/?' (#7%z/ then.

In the region of highly excited levels considerable role
ie played by the corrections connected with the deviation of
the potential from the Coulomb one at large d:.stam:es. So the-
re is no sense in calculating the mass shifts Jﬂ- in this re-
gion with great accuracy. Nevertheless one can say that they
will be quite small in comparison with the mass corrections
Jﬁ} in the region of first levels. Thus, occuring bound sta-
tes in the annihilation channel reveal itself only in the nar-
row (of the order of 100 MeV in %$-quark mass) regions in the

vieinity of thresholds for these states. Corresponding correc-

tione to ZZ - and - masses are tens of MeV for the get of

first levels. As for the zero and first order & corrections
to Z - and W - masses [1-67 due to ['ZL‘/’— doublet, they
are ~~100 MeV in this region of altaring/?[g- + Thus, if M?é«w
coincides with the bound quark states corrections to = - and
W - masses increase negligibly in comparison with the pertur-
bation theory. The reason for this consists in smallness of
because the matrix element for the transition E*#f%fﬁ
is proportional to the value of % - function of % quark

system in the centre: /¢ (F}/”[//“?,/A)/%) ‘s

The author is indebted to Dr. I.B.Hriplovich for stating
the problem and valuable discussions and considering the work
eand Dre. A.I.Vainshtein for considering the work.
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Figure captiﬁns

_ - J/fzﬁ:ﬁfei’
Fig. 1. Jﬁﬂgfé Z - mass shift in the first order ine [6j - T :
i/%ea- ;;e additional mass shift for account of bound "fh?__ Q W 3&’ ﬁo‘_ ﬂ_}}z&*
gta - :
7 | o : : — M2,
Pig. 2. JSM, - W - mass ghift in the first order inods [537, e Mol”
4 - the additional mass ghift for account of bound
.., states A’;ZL . _ , <
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