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Light Gluino Contribution in Hadronic Decays of the Z Boson andr Lepton to O(a)
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The results of calculation of light gluino contributions to hadronic decay widths o theson andr
lepton toO(a?) are presented. The net effect in the cas& afecay is noticeable. For thewidth the
effect is very large and, if a light gluino exists, suggests thaincreases by more than 15% relative to
the standard model analysis. [S0031-9007(97)02595-7]
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The existence of the light gluino—a color octet, In the present paper we report results of the evaluation
Majorana fermion, of mass a few GeV or less, which isof pQCD corrections up t®(a?) to the above quantities
the superpartner of the gluon, is the subject of intensivelue to the gluino. We assume that the gluino is light and
discussion in the literature [1-3]. The possible impactits mass is anywhere from less than 1 GeV up to several
of light gluinos on LERSLC experiments has been GeV and the squarks are so heavy that they decouple for
discussed recently [2,4]. the energy range considered ;). Note, however, that

One of the best ways to look for a trace of a still undis-near ther mass, the gluino mass has to be beldfy,
covered light gluino is to evaluate its contributions to thein order for our results to be valid for the decay rate.
precisely measured quantities, such as the hadronic decélowever, since the additional corrections due to gluino
widths of theZ bozon and the- lepton, using the pertur- mass are expected to be suppressed and negligible, our
bation theory. Perturbative QCD (pQCD) calculations ofresult is relevant for the gluino mass in the GeV region
the above quantities up 0 (a?) have been completed in (e.g., at around 1.4 GeV).
recent years [5—9]. For a recent review of the status of We start with a brief outline of the theoretical structure
these calculations see [10]. For the electroweak contribuef the Z boson total hadronic decay rate@fa?)
tions see the review [11]. |

GrM;
I'; = 8\1;——2;' ;pf{v]%[r(‘)/(xf) + 55ED(a,Xf) + B(S/CD(as»Xf,Xt,Ng)] + a%[Fg(Xf) + 56ED(Q,Xf)

+ 86cp (e X, X N + £V (0, X3, X)) + Lo, X5, X1, Np) (1)

Here the summation index runs over light quark fla-we calculate the QCD corrections up to the four-loop level
vorsf = u,d,s,c,b. We defineX; = m.,%(MZ)/Mé and that involve light gluino contributions.

X, = m?(Mz)/M%, where we use thé&S definition of The calculational methods are very similar to that for
quark masses. The vector and axial couplings of qfiack ~ Standard QCD (for a detailed description see [12]). The
the Z boson arev, = 21}3) — des it Oy, ap = 21}9{ hadronic decay rate of th€ boson in the tree level

The electroweak self-energy and vertex corrections are afiPProximation for the electroweak sector can be evaluated
sorbed in the factorp, and k;. The status report for s the imaginary part

J S 1
the electroweak contributions is given in Ref. [11]. The [ _ Z Im T (my, my, s + i0) )

. z o
l“(‘)/ / A(Xf) are vector and axial parts of the well known Mz, Tscn s=M2

Born approximation ofl’; (see, e.g., [11]). The terms \nere the functionll is defined through a correlation

3(\3/E/?)(a,Xf) represent contributions due to diagrams in-function of two flavor diagonal quark currents
volving at least one photon exchange between the quarks b it 5
(see, e.g., [11]). The QCD contributions are represented d*x " (Tj,(x)j, (000 = gupll(ms, m;, Q)
by so-called nonsingle‘IQé?)() and singletf V/A() terms.

I 2
The singlet part is due to Feynman graphs with the elec- = 0,0, Il (myp, my, Q7).
troweak currents in separate quark loops mediated by glu- 3)
onic states. The other type graphs form the nonsingletiere, 02 is a large Euclidean momentum—Mz. The
contribution. N; in the above equation is the number of standard neutral weak current of a qugrkoupled to the
light gluinos that can appear virtually in some topologicalZ boson isj. = (GPMZ/22) 2 (v Gryudr + ardsva
types of graphs, starting &(«?). The above QCD terms X ysqs). Because of this structure of the neutral weak
are calculated up t0(a?) within the standard model, with current, thell function may be decomposed into vector
no gluinos—~; = 0 (see, e.g., [10]). Inthe presentwork and axial parts [1(ms,m,, Q%) = IV (ms, m,, Q?) +
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HA(mf,m,, Q?). For further calculational convenience reduce the four-loop calculation to the evaluation of only

we use the approximation

2
HV/A(mf’mb Qz) = H(‘)//A(QZ’In m[) + 0(ﬂ>

Q2
02 a0,
+ 0<m_,2> + Y; —an 0.

one-, two-, and three-loop graphs. The detailed outline of

the method and further references are given in Ref. [12].
The running strong coupling obeys the renormalization

group equationy, B(ay,) = u*da,/du?, where the QCD

B function coefficients for MS type schemes are de-

fined as follows8(a;,) = — Bo(a,/47) — Bi(a,/4m)* +

O(a?), Bo=11C4/3 —4TN/3 —2CaN;/3, and B, =

“) 34C3%/3 — 20C4TN/3 — 4CFTN — 16C§Ng/3. In the

This is a legitimate expansion since our problem scale ighove coefficients we include light gluino contributions.
Mz. Thus we work in the limit of zero light quark mass The corresponding terms are obtained from the analysis of
and infinitely heavy top quark mass. The last term ing|| diagrams contributing to one- and two-logpfunction
the above equation is the nonperturbative contribution, pacoefficients, and known results [16] are confirmed.
rametrized by semiphenomenological quantities—the so- The evaluation of the three-loop approximation to the
called vacuum condensatesC’* are their coefficient decay rate including the light gluino effect is fairly
functions that can also be evaluated perturbatively (sedtivial, since there are only two three-loop graphs where
e.g., [12] and references therein). In this work we ignorghe gluino can appear. We use the three-loop graph-
these contributions. The corrections due to light quarkby-graph results of [5] and have confirmed three-loop
masses are known up to the order considered (see, e.gumerical results given in [4]. Note that there are no
[10] and references therein). The known mass dependegtuino contributions at one- or two-loop levels. At the
corrections can simply be added to our result. On thdour-loop level, the situation is more complex. Although
other hand, in the limit of vanishing light quark masses,we use still unpublished four-loop diagrammatic results
the vector and axial parts of the nonsinglet contributiondrom the first work in [5], it was necessary to reanalyze
are identical. We calculate first the nonsinglet vector (axall 27 four-loop graphs where the light gluino can appear.
ial) part and then we treat the singlet axial part. These graphs contribute with different color weights in

The further steps seem to be straightforward. We writeghe case of gluino. There are several graphs that required
the diagrammatic representation fidrand calculate rele- recalculation with the help of theepLooPSprogram [15].
vant multiloop Feynman graphs analytically using di- Two of those graphs are shown in Figs. 1(a) and 1(b).
mensional regularization [13] and the modified minimal In the previous standard QCD calculations [5], contri-
subtraction MS) prescription [14]. After the renormaliza- butions from those and several other graphs were taken
tion of coupling we can get the final result using Eq. (2).into account with the help of the full two-loop gluon
Unfortunately this straightforward scheme is realistic onlypropagator inserted into a two-loop graph. In the case of a
up to three-loop level, since even the advanced comlight gluino it was necessary to treat these graphs individ-
puter progranHEPLOOPS[15] for evaluation of multiloop ually, because of different color and symmetry weights.
Feynman graphs can evaluate diagrams only up to three For the nonsinglet part of the four-loop QCD correction
loops. Fortunately, with the aid of the renormalizationto the Z decay rate, including the light gluino contribu-
group and a unique feature of tMS prescription one can tion, we obtained the followindIS analytical result

|
2
SO (au Ng) = <M>(3Cp) + (%) [C%(—2> + chA[% —a42(3) - [11 - 85(3)]1\/4

dar 2
— N/TCF[22 — 16{(3)]] + (%
X [C%(—%) — CFCA{127 + 572£(3) — 880Z(5) — [36 + 104£(3) — 160£(5)IN5}

2| 90445 10948 440 (33767 4016 80 )

+ CFCA[ =1 ° 4E)) 3 £(5) (—54 9 {(3) 3 5(5))Ng
+ (% - % g(s))zvg} — N;TCE[29 — 304£(3) + 320£(5)]
31040 7168 160 4832 1216
- NfTCFCA|: 7 T T§(3) - 75(5) - (7 - T§(3)>Ngw:|
2

+ N%TZCF|:4§32 - %165(3)} - 7T2CF|:(13—1 Ca — % fT> - %CAN§:| ] (5)
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In the above expression the logarithmic contributions are summed up into the running constant by.taking?.
Those contributions can trivially be restored using the renormalization group (see [12]). Inserting the stand&rd SU
eigenvalues of the Casimir operators for the fundamental and adjoint representaticast/3, C4 = 3, and also
T = 1/2, we obtain the following numerical result

a,(Mz) (as(Mz)>2
T T

V/A
(SQ(/:D(aS’Ng) =

(1.9857 — 0.1153N; — 0.3459N;)

3
(M
+ (—“ ( Z)> [—6.6369 — 1.2001N; — 0.0052N? — 2.8505N; — 0.0311N;N;z — 0.0466N2)]. (6)

For the singlet part the light gluino contribution @& a?) shows up in only one single graph [Fig. 1(c)] in the axial
channel. In the vector channel, the corresponding graph vanishes due to Furry’s theorem [17]. The nonvanishing of the
graphs like in Fig. 1(c) is due to a large mass splitting in the top-bottom doublet. This effect was first evaluated exactly
in the three-loop level [6] and then extended to four-loop using the large mass expansion method [8]. We use the result
of [8] to extract the light gluino contribution to the four-loop axial singlet part. We obtain

LA(ay, X, Ng) = (“*(MZ)> [12 +1InX, + O(X; 1)}

o

_(as(Mz)) {6401 (@ + Lmx, — Ly, - Nf(ii_lmxt—%wx,)

T 216

25 1 1 w11 1 1
—Ngl = == InX, — —In’X, | - (= - =N, — =Nz | + o(x, ) |.
g(lz 3070 2 ’) 3(4 6/ 2g> (’)}
(7

Note that throughout this paper the strong coupling| is Next, we use our result to calculate the light gluino con-
defined for five flavor effective theory. tribution to ther-lepton decay rate t0 (a?) in perturbative
For completeness, we also give the result for singleQCD. We consider the familiarrat®, = I'(+~ — v, +
vector part in the limit of vanishing light quark masseshadrong/T'(r~ — v,e”7,). Here we are interested only
and infinitely heavy top mass [5], although the gluino doesn perturbation theory contributions, and we do not con-

not contribute here sider nonperturbative and instanton corrections. For the
(M) 3 calculational method and references see [12]. As before,
LY (a;) = _(%_z) [0.4132 + O(X,_l)] we work in the limit of vanishing light quark masses and
™ infinitely large heavy quark masses. Note that for the scale
2 . .
8 ~M.,u,d,s quarks are considered as light and, r are
X ; % hvf (8) heavy quarks. We use our diagrammatic results obtained
J=u.a,s,c,

for the Z boson case to evaluate correlator of the charged
The terms ofO(X, ') [8] are about 2 orders of magni- weak currents of quarks coupled 6 boson. We obtain
tude less than the leading term [5] and are completelyhe following result for QCD perturbative contributions to

negligible. | R;, including a light gluino
ert (n g2\ + as(qu-) as(qu-) 769 i & B
RPM(M?Z) = 3(0.998 + 0.002){1 + - + ( - Ty —-97(3) — <24 2{(3))
()Y
+ (“ ( T)) [363247 -2 - T+ Do)
T 1152

10787 9
- Nf?(T - —5(2) - —5(3) + ?5(5))

2 2
e Lol o) o)

2
K MT S MT
RPEY(M?) = 3(0.998 = ().0()2)[1 + & (M) + (a ( )> (5.2023 — 1.1376N3)
T T

a M)\ M2 m’
+ (—) (26.3659 — 21.0358N; + 1.4212N2) + 0( ) + 0<—g)] (10)
o m

and numerically we get
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boson decay rate. The result is in complete agreement
@ @ % with our Eq. (6).
(a) (b) ©
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