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Spectrum of softly broken N=1 supersymmetric Yang-Mills theory
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We study the spectrum of the lowest-spin bound states of the softly bidkeh SUSY Yang-Mills theory
in a certain approximation. Two dual formulations of the effective action for the model are given. The spurion
method is used for the soft SUSY breaking. Masses of the bound states are calculated approximately and
mixing patterns between the states with different parity and spin-orbital quantum numbers are discussed. Mass
splittings of pure gluonic states are consistent with predictions of conventional Yang-Mills theory. The results
can be tested or used in lattice simulations of the SUSY Yang-Mills mfg86b556-282(99)02615-6

PACS numbeis): 11.30.Pb, 11.15.Tk, 12.60.Jv

[. INTRODUCTION N=1 SUSY QCD[1]. In that respect, it is not clear why the
effective action in this case can be truncated so that it in-
Some time ago great progress was made in understandiroudes the lowest-mass states only. Thus, strictly speaking,
the ground state structure of many supersymmé8sidSY)  the VY action cannot be used for precise calculations of the
gauge theoriefl,2]. There is a possibility that these models mass spectrum of the model. However, we would like to
can be simulated on the lattice. Some preliminary work to-argue that the VY actiofand any of its counterpajtean
ward this complicated task has already been perfor(aed nevertheless describe certain crucial qualitative features of
Refs.[3,4]). the low-energy spectrum of the theory. While presenting
The lattice regularization violates supersymmetB]. these arguments we will specify the approximations on
Thus, some special fine-tuning is required to recover tha&vhich this approach is based. Indeed, one can regard the VY
SUSY limit on the lattice. Away from the SUSY point, the action as a generating functional for one-particle-irreducible
continuum limit of the lattice theory is described by a model(1PI) Green’s functions. That is to say, one can read off
with explicit SUSY breaking terms. In some cases thosecorresponding zero-momentum Green'’s functions from the
terms may trigger only soft SUSY breakifgll, although this  expansion of the respective 1P| effective action in powers of
is not guaranteed in general. fields and derivativegfor details see discussions [i13]).
Softly broken SUSY models can be studied using the spuThus, in the quadratic approximation in physical fields and
rion technique[7]. Some “exact” results were obtained derivatives one finds the value of the corresponding zero-
within this approacti8—10. In this paper we consider softly momentum two-point Green’s function, in the cubic approxi-
broken supersymmetric Yang-Mills theory, the model whichmation, the zero-momentum three-point Green’s function,
is relevant for lattice simulations. At the classical level su-and so on. Given the value of the zero-momentum two-point
persymmetric Yang-MillS{SYM) is a theory with only one function of some composite operator one can try to extract
parameter, the gauge coupling constant. The lowestthe value of the corresponding lowest-mass state with the
dimensional renormalizable SUSY breaking term allowed byquantum numbers of the operator present in the correlation
gauge invariance is the gaugino mass term. Therefore, wiinction. This is not an exact correspondence since there are
consider SYM with a gaugino mass term as a theory describta number of higher excited states which also contribute to
ing the continuum limit of the lattice regularized action. the same two-point function. However, the effects of higher
In analogy with QCD, one expects that the spectrum ofspin states are suppressed compared with the leading lowest-
this model consists of colorless bound states of gluinos andpin state by small couplings which emerge as one acts by a
gluons. Among those are pure gluonic bound stag#se-  lowest-spin interpolating composite operatpresent in the
balls), gluino-gluino mesons and gluon-gluino composites.correlatoj on a corresponding higher radial excitation. In
These states fall into the lowest-spin representations of theonventional QCD these type of couplings are generically
N=1 SUSY algebra written in the basis of parity eigenstatesuppressed by a factor of 10 or so, at least in the case of
[11]. The masses and interactions of these bound states camesons. Since these suppressions have nothing to do with
be given within the effective Lagrangian approach. The ef-SUSY, but are rather related to internal spin structure of
fective action forN=1 SYM was proposed by Veneziano hadrons, we expect the same to be happening in SYM too. In
and Yankielowicz(VY) [12]. addition, these couplings are suppressed by extra powers of
Since there is a mass gap in the theory, there are no massiN.. if one thinks of the largeN, expansion in the theory.
less physical states for which one could write down a Wil-Given these arguments, we expect that the accuracy of de-
sonian effective action and study vacuum properties as itermination of the masses in this case is not as precise as one
would like to see, however the results could be considered as
reasonable estimates. Thus, usage of any results obtained by

*Email address: Farrar@physics.rutgers.edu this method would crucially depend on how much qualitative
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would matter in our case is not an exact value for the masses 1 1 )
(which cannot be obtained analytically anywakut rather L= —2[— ZGZVGZVH)\ZD“B)\B .
some ratios of masses of different SUSY multiplets and mass g

splittings of the states with different parity and spin—orbitalI ¢ ¢ fields th . b b it
guantum numbers in the case when SUSY is softly broke N terms of superfields the expression above can be written

We aim to study these features in what follows. 1

As we mentioned above, the VY actidi2] involves £=f d?6—Im 7W*W,+H.c., (0]
fields for gluino-gluino and gluino-gluon bound states. How- 8w
ever, it does not include dynamical degrees of freedo
which would correspond to pure gluonic compositgkie-
balls).

We argued in Refl11] that there are no physical reasons
to expect glueballs to be heavier and decoupled from quinoEje
gluino and gluino-gluon bound states =1 SUSY YM
theory. Moreover, there are SQCD sum rule based argumen

indicating that the low-energy spectrum of SYM theory is operators that appear in the expressions for the anomalies

not exhausted by the gluino containing bound states onl : . )
[14]; glueball degrees of freedom should also be taken intég{;tbg [T%I.Jght of as component fields of a chiral supermul

account.

The generalization of the VY effective action that in- B(9)
cludes pure gluonic degrees of freedom was given in Ref. =g
[11]. The generalized VY effective Lagrangian of REE1] 9

describes mixed states of glueballs, gluino-gluino a”q/vhereﬁ(g) is the SYM beta function for which the exact
gluino-gluon bound states. The fundamental superfield UPORypression is knowiil9]. The lowest component of th
which that construction of the generalized VY action isgyperfield is bilinear in gluino fields and has the quantum
based11] is a constrained tensor superfi¢lb]. The set of  mpers of the scalar and pseudoscalar gluino bound states.
components of that superfield includes as a subset the V¥na fermionic component i1S describes the gluino-gluon

chiral supermultiplet. _ , composite and th& component of the chiral superfield in-
The aim of the present paper is twofold. First we proposg,|,des operators corresponding to both the scalar and pseu-

a new representation of the generalized VY effective aCtlondoscalar lueballs@2, andG ,,G** respectively [12]

of Ref.[11]. This action is equivalent to the previously pro- Assum?n that thMeV effecti(L/(Va actio(rmpore recisel. the

posed ond11], but it uses two different chiral supermulti- neratin gfunctional for one- article-irrre)duciblgl’Pl)

plets instead of the tensor supermultiplet approach adopt reen’s fSnction$20]) of the modeFI) can be written in terms

in [11]. of the single superfiel& and requiring also that the effective

Then we introduce soft SUSY breaking terms in the gen " s all the alobal i i d
eralized VY Lagrangian and study mass splittings and mix-Action respects all the globa’ continuous Symmetries and re-

ing patterns in the softly broken theory. These results can bBroduces the anomalies of the SYM theory, one derives the

directly tested in lattice calculations. Predictions for the\(ene2|ano-Yank|eIOW|cz effective actidii2]. Let us men-

masses of the gluino-gluino and gluon-gluino bound stategon that Fhe actual variables, in terms of .WhiCh the generat-
and their splittings in the broken theory were made in Ref.;g.;ﬂnﬁ“gni;ﬁr (:2?0;2’5' Grr.?tg?] sa::nt(r:]téor(:cr ef;]egnvzc_
[17] using the original VY effective actiofil2] and the spu- t'l : | u (VE\X ) If wri i ' N v Ullj | i(pd t
rion technique. We will see that the presence of the gluebaﬁa lon value S) of composité operalors caicuiated &

degrees of freedom changes the vacuum state of the brok&nge&ofvzilijes of externgl so.:rcgéﬂ].tlrgl this p?]apert,has\\//\llze\g’
theory. As a result, the mass splittings are also modified. as in Ref[11], we use a simpified notation where the S

The paper is organized as follows. In Sec. Il we brieﬂyare denoted _by th_e corresponding cOmposite operators.
review the generalized VY effective Lagrangian and recall It was not!ced in Ref[22] that the VY action does not
some results obtained in Rdfl1]. In Sec. Il we explain respect the discre@,y, symmetry—th? nonanomalous r_em-
how one can reformulate the generalized VY Lagrangian ifant of anomalous)(1)r transformations. The VY action
terms of two independent chiral superfields using the chiralwas amended by an appropriate term which makes the action
tensor superfield dualitj15,16. In Sec. IV we show how invariant under the discre@,y_group[22].*
the effective action is modified when the gaugino mass term However, as we mentioned above, the VY action does not
is introduced in SYM through the spurion method. Section Vinclude all possible lowest-spin bound states of SYM theory.
reports the masses and mixings for physical eigenstates @lueballs are missing in that description because they are
the broken theory. only present in the auxilliary component of tesuperfield

Myvhere the gauge coupling is defined to be (4mi/g?)
+(60q/27). For the purposes of this paper we set the theta

term to be equal to zerd@,=0.

The classical action dil=1 SYM theory is invariant un-

rU(1)g, scale and superconformal transformations. In the

uantum theory these symmetries are broken by the chiral,
ale and superconformal anomalies respectively. Composite

WW,=A(y)+ V269 (y)+ 6°F(y),

Il. THE GENERALIZED VY EFFECTIVE ACTION
The vacua with the broken chiral symmetry are labeled by an

The on-shell Lagrangian of SYM for aBU(N.) gauge integern=0, ... N.— 1. In this work we study the spectrum of the
group is model about then=0 ground state.
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and can be integrated out. In R¢L1], in order to account

PHYSICAL REVIEW D 60 035002

ations. Thus, generically, there are an infinite number of

for glueball degrees of freedom, we proposed to formulatdields in this effective Lagrangian. The contribution which
the effective action in terms of a more general superfield, theve keep here is the only quadraficterm in physical fields

real tensor superfield [15]. The superfieldJ can be written
in component form as follows:

1 1,
— OPA* +—0°A

U=B+I0)(—|0)(+16 16

1 — 1 V2— —
_ y vaB i —_ p2 o m
+4800' 0¢ 4vapC +20 0 8 v+ &M)()

1— (V2 -\ 1
2 LAy — s T p2p2
+200<8\I’ o*ad,x +4(9(9

1 5 )
ZE—&B . (2

It is straightforward to show that the real superfieldsatis-
fies the relatiof

S=-4D?U,

where theF term of the chiral supermultiples is related to
the fieldsS, andC,,, in the following way?

mra

1 mwevap
F:2+|68MVQB(9 C ,

andA and V¥ are respectively the scalar and fermion compo-

nents of the superfiel&

We argued[11] that the effective Lagrangian for the
lowest-spin multiplets of th&l=1 SYM theory can be writ-
ten in terms of thel field only. That Lagrangian takes the
following form [11]:

1 + )\ 1/3 S
L=—(S"S)"p+v|| Slog—=—S|| +H.c.
a o E
+1 u? -
3\ " (srgm)
ol (89,

where @« and § are arbitrary positive constants and=
—(N.g/1672B(g))>0. TheF terms in this Lagrangian are
fixed exactly by the anomalig42]. However, theD terms

cannot be determined explicitly by any symmetry consider-

%Despite a seeming similarity, the tensor multipleshould not be

interpreted as a usual vector multiplet. The vector field which might

which is consistent with théJ(1)g, superconformal, and
trace anomalies of the model. Thus, within the approxima-
tions discussed in the Introduction, this Lagrangian should
define the qualitative properties of the spectrum of the
lowest-spin states. Notice that the superfigld not an in-
dependent variable in this Lagrangian. It is rather related to
the U superfield through the formula

S—(S)=—4D?U.

In the above equation we took into account that $super-
field has a nonzero VEV in the phase where chiral symmetry
is broken,(S)= u°. Thus, the only independent superfield in
the Lagrangian(3) is the U field.

In this approach the following fields become dynamical
[11]:

The B field propagates and it represents one massive real
scalar degree of freedofidentified with the scalar glueball

The three-form potentiaC,,, describes one massive
physical degree of freedofidentified with the pseudoscalar
gluebal).

The complex fieldA, being decomposed into parity eigen-
states, describes the massive gluino-gluino scalar and pseu-
doscalar mesons.

x and ¥ describe the massive gluino-gluon fermionic
bound states.

Studying the potential of the model, we found that the
physical eigenstates fall into two different mass “multi-
plets” (see Ref[11] for detaily. Neither of them contain
pure gluino-gluino, gluino-gluon or gluon-gluon bound
states. Instead, the physical excitations are mixed states of
these composites. The heavier set of states contains

A pseudoscalar meson, which without mixing reduces to
the 0" * gluino-gluino bound statéthe analog of the QCD
7' meson.

A scalar meson that without mixing is a*0 (1=1)
gluino-gluino excitation.

A fermionic gluino-gluon bound state.

These heavier states form the chiral supermultiplet de-
scribed by the VY action. That action is recovered in the
—oo limit. The new states which appear as a result of our
generalization form the lighter multiplet:

A scalar meson, which without mixing is a"0 (1=0)
glueball.

A pseudoscalar state, which for zero mixing is identified
asa0 " (I=1) glueball.

A fermionic gluino-gluon bound state.

be introduced in this approach as a Hodge dual of the three-form Notice, that although the physical states fall into multi-

potentialC

mrva

would give mass terms with the wrong sign in our plets whosel” quantum numbers correspond to two chiral

approach(see Ref[11]), thus, the actual physical variable is the supermultiplets, the action was written in terms of the one

three-form potentialC,,,, rather than its dual vector fieldhe
Chern-Simons current

¥In this notationX is proportional toG%, and e, ,gd*C"*# is
proportional t0G,,,G* [11].

real tensor supermultipldd. In particular, the pseudoscalar
glueball in this approach is described by the only physical
component of the massive three-form poten@y,,. The
field strength of that potential couples to the pseudoscalar
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gluino-gluino bound state as it would couple to themeson
in QCD [23]4
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the dependence on the chiral superfiglé trivial, the com-
bination y+ x* can be integrated out from the Lagrangian

Since the physical spectrum of the mixed states fall inta(7). As a result one derives
multiplets whose spin-parity quantum numbers correspond to
two chiral supermultiplets, one might be wondering about

the possibility of rewriting the whole action in terms of two
different chiral superfields. If that is possible it would be
crucial to study what peculiarities of the two-chiral-multiplet
action allow it to be written in terms of only a real super-
multiplet U, as was done in Refl11]. In the next section we
address these questions.

Ill. THE TWO CHIRAL SUPERMULTIPLET ACTION

The relation between a real tensor and chiral supermulti®

plets (the so called chiral-linear dualitywas established in
Ref.[15]. For SYM theory the chiral-linear duality was used
in Ref. [25] (see also discussions in R¢R6]). Applied to
our problem the results of Reffl5,25,26 can be stated as
follows. One introduces into the effective Lagrangian a ne
chiral superfield, let us denote it by

X(Y,0)= ¢, (y)+ 26V (y)+ 67F (y). (4)

.2

Caste ?

Xtx

Substituting this expression back into the Lagrandigrone
arrives at the original expressida) where theS field is a
derivative field satisfying the relatiof®).

Let us stress again that the descriptions in terms of the
Lagrangian(3) and (5) are equivalent on the mass-shell. In
the Lagrangian(3) the dynamical degrees of freedom are
assigned to the only superfidl while in the Lagrangiaib)
the physical degrees of freedom are found as components of
two chiral supermultipletss and y. The peculiarity of the
expression(7) is that the chiral superfieldy enters only

wihrough the real combinatiog+ y*. That is why it was

possible to formulate the action in terms of only the real
superfieldU. It is essential from a physical point of view
since the component glueball field must be real.

Using the Lagrangiart5) one calculates the potential of

One can find an effective Lagrangian written in terms of twothe supersymmetric model. Integrating out the auxiliary

chiral superfieldsS and y, which is equivalent to the expres-
sion given in Eq.(3). In our case

1 o
£="(S"9Mp+ 7(S' 9 (x+x ")

+H.c.
F

+

(SI S—S (5
Y OQF .

P st
i TeX(S—#7)

fields of both chiral multiplets one finds

I (el L ¢
L T G CRR 7
5 |al*
B(¢°— 1)
AIF | ©

Comparing this expression to the VY Lagrangian one notices

that both the Khler potential and the superpotential are

modified by new terms. The multiple&and y are indepen-
dent.

We would like to relate this expression to the Lagrangian

of the theory written in terms of thd field (3). If the U field

is postulated as a fundamental degree of freedom, the8 the

field is a derivative superfield
S=u3—4DU. (6)

Using this relation the Lagrangia®) can be rewritten as
1 ocious o0 araus +32
L=—(S"9) bt 7(S"9 ™ x+x)%b

+ +H.c.

F

Y +U(x+x o (D

Sl g—;s S
0 —
J7

This expression depends on two superfidldand x [S is
expressed throughl in accordance with Eq6)]. However,

“The three-form potential proved to be useful for the description

where the following notations are adopted:

2B

+i), — .
(rim) 52

o=

¢X=E

The minimum of this potential is located at the point in field
space wherg¢)=u, (B)=(¢,)=0. The potential(9) is
positive definite for field configurations satisfyingB?
< 8] ¢|*. Since the VEV of theg field is nonzero and the
VEV of the B field is zero the positivity condition is satisfied
for small oscillations about the SUSY minimum specified
above. Notice that all SUSY field configurations are confined
within a valley with infinite potential walls encountered at
aB?= 6| ¢|*. Thus, the potential9) and the Lagrangiab)
themselves describe only small oscillations about the SUSY
minimum. In general, some higher order polynomials in the
x (or U) field could be present in the effective Lagrangian.
In this work we are interested only in the mass spectrum of
the model, so the approximation we used above is good
enough for our goals.

In the next section we introduce soft SUSY breaking

of the pseudoscalar glueball in conventional Yang-Mills theoryterms in the effective Lagrangian and study minima and the

[24].

spectrum of the corresponding potential.
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IV. SOFT SUSY BREAKING The shift of the vacuum energy causes the spectrum of the
model to be also rearranged. Explicit calculations of the

The gaugino mass term can be introduced in the Lagran%asses of all lowest-spin states yield the following results:

ian (1) by means of the parametet One regardsr as a
chiral superfield 7]. A nonzero VEV of the= component of

7 yields a SUSY breaking gaugino mass term in Ep. Mgcauaw:M§—§a%“%x(1i‘/1+x) 2+ ! ,
Thus, one performs the following substitution in expression - -4 V1+X
(2): 13
T— T+ F.rﬁﬁ. 2 2 3 ~ 1
) ) Mfermioni:Mi_Za’yy’mx(li\1+X) Si y
As a result, the following new term appears in the Lagrang- v1+x
ian of SYM: (14
1 2 2 3 o 1
—glm[FT)\)\]'FHC Mp_scamri:M:—Zay,um)\(li \/1+X) 4i\/m ,
(19

To make the gaugino mass canonically normalized one sets

F.=i8mm,/g® In the low-energy theory the parameter \yhere M2 denote the masses in the theory with unbroken
enters through the dynamically generated scale of the theory gy [11]:

w= o exf — 812 Bog?(uo) 1= mo €Xp( 277/ By). After the

T parameter is claimed to be a chiral superfield one should , 18 « , 81 b 5

regard thew parameter as a chiral superfield too. Thus, one M =162 3" +5(ay)u 1= V1+x] and
also makes the following substitution in the low-energy ef-

fective Lagrangian of the model: 1 a 1
X= oo — . 16
p( 1677m, ) 2885 (a7)” (10
—uexp — ,
por 9°Bo

In these expressions the plus sign refers to the heavier super-
multiplet and the minus sign to the lighter set of stat@mne

can verify that these values satisfy the mass sum rule to
leading order inO(m,):

where 8, stands for the first coefficient of the beta function.
Performing this redefinition of the. parameter in the La-
grangian(5) one finds the following additional term in the
scalar potential of the model:

> (—1)F2j+1)M?=0,
i

3
AVZ—m)\Re(%(ﬁX—FquE‘), (10

where the summation goes over the spof particles in the
supermultiplet.

Let us discuss the mass shifts given in Egk3)—(15).
Consider the light supermultiplet. In accordance with Egs.
(13)—(15), the masses in the light multiplet are increased in
the broken theory. The biggest mass shift is found in the
pseudoscalar channel. The smallest shift is observed in the
scalar channel. The fermion mass falls in between these two

V. THE MASS SPECTRUM meson states. Thus, the lightest state in the spectrum of the

Having derived the potential of the broken theory onemModel is the particle which without mixing would have been
turns to the calculation of the mass spectrum. The potentidh€ scalar glueball. There is a fermion state above that scalar.
consists of two partsy, defined in Eq.(9) and the Susy Finally, the pseudoscalar glueball is heavier than those two
breaking term(10), states.

wherem, =3272/g°N, m, .

The expressiori10) is the only correction to the effective
potential to leading order im, . All higher order corrections
are suppressed by powers wf, /. Those corrections are
neglected in this work.

V=Vy+AV. (12)

%In Ref. [11] we used slightly different notation. Masses in the

One calculates minima of the full scalar potenWalExplicit heavy supermultiplet were denoted by, and in the light super-

though tedious calculations yield the following results. The " . 2_ 2 . I

VEV of the ¢ field does not get shifted when the soft SUSY multiplet by m; , soM: =mj, . Note, that in thes—c= limit the

breaki . d d Th in the brok spectrum of our effective Lagrangian reduces to the VY spectrum.
reaking t_erms are introduced. us,'even n t e bro err]\Iaiver, this seems not to be the case if one takes into consideration

theory(¢) = u. However, thep, (andB) fields acquire non- only Egs.(13)—(15). However, one should recall that these masses

zero VEV's in the broken case are deduced for the fields rescaled by a faédtfsee Eq(14) in [11]
8 8s and the second expression in Ef2)]. A careful treatment of the
_ jod _ o limit §— shows that all the glueballs are decoupled and one is
=——m, and (B)=-—_—myu. 12
(¢ au * (B) 9a M (12) left with the VY model[12].
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M scatar + The seeming discrepancy is resolved because in the éimit
—o the vacuum expectation value of the glueball fi&ld
M termion + tends to infinity. Thus, perturbing states about that vacuum is
not a well defined procedure. The right way to obtain éhe

M scatar + —oo limit would be to decouple the “glueball” modes first,
and then minimize the potential. This leads to a shift of the
SUSY -- unmixed SUSY -- mixed S}éy VEV of the ¢ field in the broken theoryas in Ref[17]). As

a result, the mass shifts calculated within this new vacuum

M s - state are in agreement with the values reported in the second
M. work of Ref. [17]. We stress, however, that on physical
M iormion - grounds we do not expect SYM to realize the>oo limit of
M the general effective Lagrangidh).
M

scalar -

FIG. 1. Qualitative behavior of mass spectrum when passing VI. SUMMARY AND DISCUSSION

from SYM to a softly broken model. In this paper we studied certain interesting features of the
Let us now turn to the heavy supermultiplet. In the brokens’peCt.rum of the onvest-spm St".iteSI ¢=1 SUSY YM mod_el
applying an effective Lagrangian approach. Though this ap-

theory the masses in that multiplet get pulled down. How- roach does not provide exact mass relations, nevertheless, it
ever, all states of the heavy multiplet are still heavier thar? P ' '

any state of the light multiplet in the domain of validity of can be used to learn very important qualitative properties of

our approximations. The ordering of the states in the heavthe spectrum, such as the mass degeneracies in different mul-

: g . ; : ¥iplets in the exact SUSY limit and the corresponding mass
supermultiplet is just the opposite as in the light supermul-s littings of states with different parity and spin-orbital
tiplet: the lightest state is the pseudoscalar meson, the heaviP 9 parity P

est is the scalar, and the fermion, as required, falls betwee(i.lnuantum numbers for the broken SUSY case. These proper-

them. The qualitative features of the spectrum are shown iHes are crucial for recent lattice studies of.the mddg! .
Fig. 1. In fact, we have shown that the generalized VY effective

. action can be written in two different ways. In one case the

Itis not surprising that the lowest mass state obtained Ir%undamental superfield upon which the action is constructed
Eqgs.(13)—(15) is a scalar particle. This is in agreement with . P p

the result of Ref[27] where it was shown that the mass of is the real tensor superfield. In another approach all de-

: : : grees of freedom of the model are described by two chiral
the lightest state which couples to the opera(ﬁi;,, Is less superfieldsy and S. In both cases the spectrum consists of

than the mass of the lightest state that coupl€s®& inpure  two multiplets which are not degenerate in masses even
Yang-Mills theory. As a result, the lightest glueball turns outyyhen SUSY is unbroken. The spin-parity quantum numbers
to be the scalar gluebg7]. One can apply the method of of these multiplets are identical to those of certain chiral
Ref.[27] to the SYM theory as well. Due to the positivity of sypermultiplets.
the gluino determinanisee Ref[28]) one also deduces that  The physical mass eigenstates are not pure gluon-gluon,
the lightest state in softly broken SYM spectrum should be &luon-gluino or gluino-gluino composites; rather, the physi-
scala_r particle. The pseudoscalar of that multiplet is thereforgy) particles are mixtures of them. The multiplet which with-
heavier. _ o _ ~out mixing would have been the glueball multiplet is lighter.
Our result that the multiplet containing glueballs is splitin s a result, those states cannot be decoupled from the effec-
such a way that the scalar is lighter than the pseudoscalafye Lagrangian. This means that comparisons of lattice re-
and vice versa for the multiplet containing gluino-gluino gyts to analytic predictions based on the original VY action
bound states, is consistent with expectations from quarkyre not justified.
model lore. In ordinary mesons the=1 states are heavier We introduced a soft SUSY breaking term in the La-
than their =0 counterparts and thé=0 gluino-gluino  grangian of the\=1 SUSY Yang-Mills model. The spurion
bound state is a pseudoscalar, while lan0 gluon-gluon  method was used to calculate the corresponding soft SUSY
bound state is a scalar. It is interesting that in SYM W'thbreaking terms in the generalized VY Lagrangian. These soft
massless gluinos the=0 andl=1 bound states are degen- preaking terms cause a shift of the vacuum energy of the
erate, but when the gluino masses are turned on one recoveffodel. The physical eigenstates, which are degenerate in the
the expected ordering seendm states. SUSY limit, are split when SUSY breaking is introduced.
In the §—< limit one recovers the VY effective action. We studied these mass splittings in detail. We have con-
The spectrum of the softly broken VY Lagrangian was stud-firmed that the spectrum of the broken theory is in agreement
ied in [17]. In that limit only the heavy multiplet of the with some low-energy theoremi27], namely the scalar glue-
spectrum survives. It is interesting that in the lifit-0, the  ball turns out to be lighter than the pseudoscalar one. The
ratio of the mass-shifts of the surviving states in H48)—  results of the present paper can be directly tested in lattice
(15) is 5:4:3, which differs from the prediction of R4fL7]. studies ofN=1 supersymmetric Yang-Mills theor{3]).

035002-6



SPECTRUM OF SOFTLY BROKENN=1 ... PHYSICAL REVIEW D 60 035002

[1] N. Seiberg, Phys. Rev. B9, 6857 (19949; K. Intriligator, R. [12] G. Veneziano and S. Yankielowicz, Phys. Letfl3B, 231

G. Leigh, and N. Seibergpid. 50, 1092(1994); K. Intriligator (1982.

and N. Seiberg, Nucl. Phys. @roc. Supp).45BC, 1(1996.  [13] T.-P. Cheng and L.-F. LiGauge Theory of Elementary Par-
[2] N. Seiberg and E. Witten, Nucl. PhyB426, 19(1994; B430, ticle Physics(Clarendon, Oxford, 1994

485E) (1994; B431, 484 (1994. [14] S. Yu. Khlebnikov and M. E. Shaposhnikov, Phys. L&&4B,
[3] I. Montvay, Nucl. Phys. B(Proc. Supp). 63, 108 (1998; G. 275(1985.

Koutsoumbas, I. Montvay, A. Pap, K. Spanderen, D. Talken15] 5. J. Gates Jr, Nucl. PhyB184, 381 (1981).

berger, and J. Westphaleihjd. 63, 727 (1998. [16] S. J. Gates Jr., M. T. Grisaru, M. Rocek, and W. Siegek

[4] A. Donini, M. Guagnelli, P. Hernandez, and A. Vladikas,
Nucl. Phys.B523 529 (1998.

[5] G. Curci and G. Veneziano, Nucl. Phyg292, 555 (1987).

[6] L. Giradello and M. T. Grisaru, Nucl. PhyB194, 65 (1982.

[7] A. Parkes and P. West, Nucl. Phya222, 269(1983; P. West,
Introduction to Supersymmetry and Supergravityorld Sci-
entific, Singapore, 1990

perspace or One Thousand And One Lessons In Supersymme-
try (Benjamin/Cummings, Reading, Massachusetts, 1983

[17] A. Masiero and G. Veneziano, Nucl. Phy&249, 593 (1985;
N. Evans, S. D. H. Hsu, and M. Schwetz, “Lattice Tests of
Supersymmetric Yang-Mills Theory?,” hep-th/9707260.

[18] S. Ferrara and B. Zumino, Nucl. PhyB87, 207 (1975.

[8] N. Evans, S. D. H. Hsu, and M. Schwetz, Phys. Let3%5, [19] V. A. Novikov, M. A. Shifman, A. I. Vainshtein, and V. I.
475 (1995 B ’ ' ’ ' Zakharov, Nucl. PhysB229, 381 (1983.

[9] N. Evans, S. D. H. Hsu, M. Schwetz, and S. Selipsky, Nucl.[20] J. Goldstone, A. Salam, and S. Weinberg, Phys. R2V, 965
Phys. B456 205 (1999: N. Evans, S. D. H. Hsu, and M. (1962.

Schwetzjbid. B484, 124(1997; Phys. Lett. B404, 77(1997;  [21] G. M. Shore, Nucl. Phys8222 446 (1983.
L. Alvarez-GaumeJ. Distler, C. Kounnas, and M. Maonint. ~ [22] A. Kovner and M. Shifman, Phys. Rev. 86, 2396(1997.

J. Mod. Phys. Al1, 4745(1996; L. Alvarez-Gaumeand M. ~ [23] P. Di Vecchia and G. Veneziano, Nucl. Phy8171, 253

Marino, ibid. 12, 975(1997; L. Alvarez-GaumgM. Marino, (1980.
and F. Zamoraibid. 13, 403(1998; 13, 1847(1998. [24] G. Gabadadze, Phys. Rev.98, 094015(1998.

[10] O. Aharony, J. Sonnenschein, M. E. Peskin, and S. Yankielow{25] C. P. Burgess, J.-P. Derendinger, F. Quevedo, and M. Quiros,
icz, Phys. Rev. D62, 6157(1995; E. D'Hoker, Y. Mimura, Phys. Lett. B348 428(1995.
and N. Sakaijbid. 54, 7724(1996; K. Konishi, Phys. Lett. B [26] P. Binetruy, M. K. Gaillard, and T. R. Taylor, Nucl. Phys.
392 101 (1997; N. Arkani-Hamed and R. Rattazzi, B445 97 (1995; P. Binetruy, F. Pillon, G. Girardi, and R.
hep-th/9804068. Grimm, ibid. B477, 175(1996.

[11] G. R. Farrar, G. Gabadadze, and M. Schwetz, Phys. R&3 D [27] G. B. West, Phys. Rev. Lett7, 2622(1996.
015009(1998. [28] S. D. H. Hsu, Mod. Phys. Lett. A3, 673(1998.

035002-7



