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Collider phenomenology of light strange-beauty squarks
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Strong mixing between right-handed strange and beauty squarks is a possible solutio€Rovib&tion
discrepancy irB— ¢Kg decay as recently suggested by the Belle data. In this scenario, thanks to the strong
mixing one of the strange-beauty squarks can be as light as 200 GeV, even though the generic supersymmetry
scale is at TeV. In this work, we study the production of this light right-handed strange-beauty squark at
hadronic colliders and discuss the detection in various decay scenarios. Detection prospect at the Tevatron run
Il is good for the strange-beauty squark mass up to about 300 GeV.
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[. INTRODUCTION and other SUSY particles can be well above the TeV scale.
It is clear that a squark as light as 200 GeV is of great
SupersymmetrySUSY) is the leading candidate for phys- interest since the Tevatron has a chance of seeing it. One
ics beyond the standard mod@M), because it provides a ﬁould independently pursue the search for a relatively light
weak scale solution to the gauge hierarchy problem as weblb; squark, even if thd— ¢Kg CP violation discrepancy
as a dynamical mechanism for the electroweak symmetrgvaporates in the next few years. We note that a strange-
breaking. Usual treatments of SUSY, however, do not adbeauty squark, carrying-50% in strange and beauty flavor,
dress the problem of flavors. The flavor problem consists ofvould lead to a weakening of bounds on beauty squark
the existence of fermion generations, their mass and mixin§earch based ob-tagging. In this work, we study direct
hierarchies, as well as the existenceQ#t violation in quark ~ Strange-beauty squark-pair production, as well as the feed
(and now possibly also in neutrino segtanixings, and down from gluino-pair production and the associated produc-

probably has origins above the weak scale. In an interestinion of sb; with a gluino. It turns out that the dominant
combination[1] of Abelian flavor symmetry(AFS) and contribution comes from direct squark-pair production as

SUSY, it was pointed ou2,3] that a generic feature is the long as the squark mass is below 300 GeV. Howeyer, fo_r
squark mass above 300 GeV, the feed down from gluino-pair

near-maximalsg—br squark mixing. Such a near-maximal production withm; =500 GeV becomes important. We also

mixing allows for one~state to be considerably lighter thanStudy various degay scenarios of the strange-beauty squarks

the squark mass scafe. Such a state, called the strange- at the Tevatron, which is of immediate interest. The most

beauty Squarls bl, carries botrs andb ﬂavors, and is bound interesting decay mode §1_> b/s+’;(2, which gives rise to

to impact onb— s transitions. a final state of multb jets plus large missing energies. The
It is remarkable that we may have a hint for new physicspther scenarios considered are 8tg-LSP and theR-parity

in CP violation in B— ¢Ks decay, which is &@—sss tran-  yjolating sb, decay possibilities.

sition. The SM predicts that the mixing-depend@ift viola- The organization of the paper is as follows. In Sec. Il we

tion in this mode, measured in analogous way as the wellecapitulate the features of the model needed for our collider

establishedCP violation in B—J/#Ks mode, should yield stydy. We discuss the production of the strange-beauty

the same result. The Belle CO”aboration, however, has foungquark at hadronic machines in Sec. I, and its decay modes

an opposite sign in thB— ¢Ks mode for two consecutive and detection in Sec. IV. Conclusion is given in Sec. V.

years [4,5]. The current discrepancy with SM prediction

stands at a 3& level. The result from the BaBar Collabora-

tion in 2003 is at oddg6] with Belle, but the combined result II. INTERACTIONS

is still in 2.70 disagreement with SM expectation. While  \we do not go into the details of the model, but mention

more data are needed to clarify the situation, it has beeghat thed flavor is decoupled3] to evade the most stringent

pointed out{7] that a lightsb, squark provides all the nec- low energy constraints. The generic class of AFS models

essary ingredients to narrow this large discrepancy with SM1,2] imply a near-maximalsg—bg mixing, which is ex-

prediction. It has(1) a large s—b flavor mixing, (2) a tended to the right-handed squark sector upon invoking

(unique new CP violating phase, and3) right-handed dy- SUSY. We focus only on the22 right-handed strange and

namics. The latter is needed for explaining why similarbeauty squarks, which are strongly mixed. The mass matrix
“wrong-sign” effects are not observed in the modes such ass given by

B—Kg7m® and 7'Kg. These modes yield consistent results
as what was measured B—J/#Kg. A detailed study of

) m2 m2e o\ (3
various B decays suggestef’] that mg; ~200 GeV and = —(E*B*)( 22 23 )( R) 1)
- RVR/N ~5 i = ~ |-
my~500 GeV are needed, while the squark mass soale mie'? Mg br
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Since the mass matrix is hermitian and the phase freedom
has already been used for quarks, so there remains only one \ g, 147

. . . . . . ~ . a 5
CPviolating phase{2,3,7]. However, for_ collider studies it is o0’ ﬁgsTkj cos 6, 5
not yet relevant. With the transformation - -t

ic 1+7
~ ~ ~ . a | —ic 5
SR sb,\ [cosé,, siné,, sb, (/2 g. T sin6,e 5 )
- |=Rl ~ |= . i ol ~ 1, S (b,
b sb,/ \|—sing.e'” cosbe'’/\sh, i k)
2 \
the mass term is diagonalized as \‘\Sb:i
~ ~ % a, U . a
——_ [m? 0 \/[Sh 2202 1A 0L L
L=—(sbysb;) o~ |- 3) .
0 my/\sh 1
) o . . / sby;
The diagonalization matriXR enters the gluino-quark-
squark and squark-squark-gluon interactions. Assuming the .
quarks are already in mass eigenbasis, the relevant gluino- —&! sbi;
quark-squark interaction in the mass eigenbasis is V4
’ . 2 1 c
= . gy (5 dpli+a, T, )0
L£=— 29T} —9.Prs;sbicosty rggg@ﬁ ~ o (73 Daoli * dcTy ) O
= ~. . L= ~. . sby;
+9,Prb;sbi,sin e ™' 7—g,Prs;sb5,sin O, b, v R
= ~x i FIG. 1. The relevant Feynman rules used in this work. The
—gaPrbjsbycosone "7+ H.c, (4 momenta are going into the vertex.

where Pg=(1+ v°)/2, anda, j, k are the color indices for o . .
g|uinos, quarks and Squark& respecti\/e|y_ The Squark- contribution from thet-channel glumo exchange dia-

squark-gluon interaction is gram, shown in Fig. @). Note that there are also
e~ e sb, bs—shb;sb? contributions via the-channel gluino
L=—igsA, Tij(sby;d,8byj+sbyd,50;) exchange diagram only.

5 (@ The ss,bb,ss,bb,sb,sb initial state scattering vig and

+g2(T2TP); A AP (Sb¥ sby + Sbs shy)), ) .
9s )i u(SPLSDyj +SbzSby)) u-channel gluino exchange diagrams

where
aTb 1 1 i c a ,'I Sb1
(T°T )ij:g5ab5ij+§(dabc+|fabc)Tij -
s (@)
The relevant Feynman rules are listed in Fig. 1.
11l. PRODUCTION AT HADRONIC MACHINES a  Sbs
We have set the generic SUSY scale at TeV, except for the E mmm ““““ /mmm 7
gluino and the light strange-beauty squaNltbg, which could |
be as light as 500 and 200 GeV, respectively. These masses ~ 9 000U ------- AL
are still allowed by the squark-gluino search at the Tevatron . ~ (b)
[8]. In fact, these limits are more forgiving for the present % sk
case becausgb, does not decay intb quark 100% of the :\ N
time. (séé ™ sb)
A. Processes and formulas S——71 sb S—>=—71 sb
The production of the strange-beauty squark can proceed Vg 9 >
via the following processes. e b I S b,
(1) qq andgg fusion[Figs. Za) and 2b)] (© (d)
q0, gg—Shsk . (6) FIG. 2. Contributing Feynman diagrams fé& qq—sh;sb’

L (b) gg—sbsb, (c) ssbb)—sbsb, and (d) sgbb)
If the initial state isss or bb, there is an additional —Ssb,sb;.
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ss sh bb-Shsh, ss sb, bbSKSK, (7)  The differential cross section farg—sbyshy is

shown in Fig. 2d). do

(3) Gluino pair production, followed by gluino decay, d coso” (9g—sbyshy)
_qq,_gg—>gg, g—ssif, bsli, sshy, bsh. (8 nad (64 48 28ms,  28md,
Forss bb in the initial states there are additiortalnd B E'Bsb 3 2  Orfer * 02,2,
u.-channel diagrams. Note thab,sb.—>gg are also pos- (12
sible through the- andu-channel diagrams.
(4) Associated production &b, with gluino The integrated cross section is given by
sg bg—shg, (9) . mwa?| sS+eamy
followed by gluino decay. 7(9g—shysby) = 3 Bso 483
Since the gluino has a mass of at least 500 GeV, we ex-
pect thet-or u-@annel gluino-exchange diagrams to be much mf§~bl m&1+4§ 1— B
smaller thanqq annihilation diagrams. Moreover, theor + o : In1+ﬁsb . (13

u-channel gluino-exchange diagrams are only relevansfor
or b in the initial state, so the contributions of which are
further suppressed by their parton luminosities. Neverthelesg, :
we include all thosé-channel gluino diagrams when the ini- —shbyshy cross sections,
tial state quarks arsor b. In gluino-pair production we also

or completeness we also give the expressionssEbb

keep thet- and u-channelsb;-exchange diagrams for the (s5—5b,SB)
initial state quarks or b. d cos6* '
Direct production of shsb? 2ma’Bep

2
1 ) My,

o o ———| = (1— B, cogH*)——
Let us first introduce some short-hand notation. $fieu 9s 4 s
are the usual Mandelstem variables. We define the following R A
S 1s?
—C0€ 0+ 5 =5 Cos b,
ty 2t

x| 1— . (19

w| =

Botem?. e—t-m?
9= I’T}é, ug—u I'TTé,

top=t—MGp, Usp=U—mg, Integrating over cog* gives

2

Y~ 2w
4m§~51 4m§ cr(ss—>sblsb’1‘)=—A3s
BSb: 1_ ~ ) Bg: 1_ ~ 275
S S

+ oS0 (s+2m?))+cofh,,(2m* —3scofh,,

m M o mé; S 2 S
_ 9 sby g sh R R s+2m<—p
Bsbg= 1-——-—= —4—= — X (s+ 2m2_)+25m§)log( Y = Sbs) '

BspS(SB2,—6scos by,

S S S S S+2m? + BgS
The subprocess cross section far— sb;sbt is given by (19
do wherem? =m§—m§,l. The cross section fopb— sb,sb?
Tcos” (qq—sh;sb¥) can be obtained by replacing éés—sin’6y, in Egs.(14) and
cos (15). On the other hand, the processds bsHsNbl%’{ only
2 m2. have thet-channel gluino exchange diagram, and its differ-
_ T Be %(1—,B§bcos°'0*)— fbl . (10) ential cross section is given by
9s S -
do — ~ ., maiBe S .
where 6% is the central scattering angle in the parton rest g oo (sb—sbysby)=—3 f—gcosz OrmSin? O,
frame. Integrating over the scattering angl&, the cross 9
section is given b 2
given by Ly
, X| —(1—B,co6*)— —
(qq— Sh,SB) 2T g3 (11) 4 S
[ — S0 S == .
a4 1°M1 275 :Bsb (16)
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Direct production of shsb,

Production ofsb;sb, (sb¥sb) pair requiresss, sb or

bb (ss, sb, or bb) in the initial state. The process proceeds
via t- andu-channel gluino-exchange diagrams, as shown in

Fig. 2(d). The differential cross section is given by

ss—sb,sb
dcos&*( 150:)
2
_Tras,Bsb 1 1 211
T Tas S E 3 G
g g g ~g

17

where we have explicitly put in the factor 1/2 and so @bs
ranges from—1 to 1. Integrating over the angle the total
cross section is

~ ~ Wagﬂsb 4
o(ss—sb;sb)=——— é‘amm~
18 +sm—
. 8 1 s+2m? — BgS
3BspS S+2mM? T\ 5+2m? + Bgps

(18

The cross section fdsb— Ssb;sb; can be obtained by replac-
ing co$6,—sin'6,,, while that forsb— sb,sb, by replacing
cos', <—>c0§0msin26 Note that, for example, the amplitude
of bbﬂsblsbl contains the phase facter 2'°. Obviously,

PHYSICAL REVIEW D70, 035009 (2004

— - 87Ta§ 2ma
o(qg—gg) —Bg| 1+ —,
~ 3mwa’? S
o(gg—gg)= By 4+17
4 2
+3 4m§—4%—1 Iog(l_'gg)
s? s 1+Bq/ |

(20

For completeness we also give the cross sections $or
—4gg,

do
d coso*

:

21

when we calculate the cross section the phase factor dropdie formulas forbb—gg can be obtained by replacing

out.

Feed down from gluino-pair production

We employ a tree-level calculation for gluino-pair produc-
tion, though including the next-to-leading ord&LO) cor-

rections[9] the cross section may increase by more than

50%. However, the overall gluino-pair production is small

because we have chosen the gluino mass to be at least 500
GeV. Whether we include the NLO correction or not does not

affect our conclusion.
Here we give the tree-level formulas for gluino-pair pro-
duction, without the squark in the andu-channels,

— e 2mdl t~+l]~§+2m§s
)_ ~ ~ ’
dcos:t9*(qq 99 3s Po 52
do - 2 toug| [ s?
— = 1-—— || ==
d cos#* (99-90) ﬂg( s? )\ tyug
amis  4s’myg
)
9-g g9

cosé,, by siné,,. Note thatsb,sb—gg only occur via thet-
andu-channel diagrams, and the differential cross section is
given by

9 b= T e B0 Osir? o 5
= ,\ co Sl - T =,
coso* 99 ¢ " t§b uz,
~ 2
SMy
+ = ] . (22
Usplsh

We have chosen the mass of gluino to be at least 500 GeV,
in order not to upset lower energy constraints suchbas
— Sy rate, and not to violate the bound from direct search at
the Tevatron8]. The gluino so produced will decay into a
strange or beauty quark plus the strange-beauty scﬁan
Therefore, gluino-pair production gives two more jets in the
final state than direct production. Having more jet activities
to tag on may help the detection, especially wihetagging
is employed. We shall discuss in more detail in the next
section when we treat the decay of tEél. Nevertheless,
since the gluino mass is above 500 GeV, the production rate
at the Tevatron is rather small. For a gluino mass of 500

where we have put in the factor of 1/2 for identical particlesGeV, the production cross section is 2.9 fb, which may in-

in the final state, and ca® is from —1 to 1. The integrated
cross sections are given by

crease to about 4 fb after taking into account NLO correction
[9]. However, it helps only a little as far as the strange-
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10 T T T T T
100 Ecm=1 96 TeV B
. Tevatron
:‘é mg = 500 GeV
107t ;
s
8 99"~ o~
(%) 102 b “.. sbysby
b . production
o
o N N s
10_3 | Sb-] Sb1 + Sb1 Sb1
sby g
. FIG. 3. Total cross section for direct produc-
104 . T . L tion of (a) the sb;sb* pair and(b) thegg pair at
100 150 200 250 300 350 400 the Tevatron. The individuagg fusion andqq
(a) mg, (Gev) annihilation £9n~tributi~ons~are shown. @ we
also show sb;sb,+sbisb; production, and
10 - ' ' - - ' sb,g+sbrg production, where we have fixed
N m;=500 GeV. In (b) we also show Sbyg
. Ecm=1.96TeV +sb;g production, where we have fixethg;,
107 & Tevatron E =200 GeV.
E ; 99 mg,, =200 GeV
LA T
u% .......... production
%} 2 :
10° ¢
@
o
o
10° ¢ 1
10'4 Il Il 1 1 >, Il
200 250 300 350 400 450 500
(b) myg (GeV)

beauty squark pair production is concerned, unless th&or thebg initial state, the above formula is modified by
squark mass is above 300 GeV. We will take this into accounghanging co%,,—Sirt6y,.
in our analysis.

Production of shg B. Production cross sections

There is another proces¢b)g—g 561 that can contrib- o o _
ute to strange-beauty squark production, but it requires either Folding in parton distributions with the parton level cross
sorbin the initial state. The differential cross section for the sections, the cross sections for direb{sb? pair production

process is given by at the Tevatron are shown in Fig(a3, where we give the
do . individual gg and qq contributions. As expected, the gluon
m(sgﬁsblg) fusion contribution is subdominant fongs =100 GeV. We

also show in Fig. &) the same sigisb;sb, +sb*sb? pro-

mal 2 2sly,| 8| 3  duction, and the associateb;g+sbig production. These
= 195 Bsbdc0S O 24 1 i2 | 3| s processes are three orders of magnitude smallershgsb}
g pair production, and can be safely ignored at the Tevatron.
2(m2—mé )iz m2. 2 Gluino-pair production cross sections at the Tevatron are
9 k9 01 9 i in Fig. 3b). Simil k-pai ducti luino-
+ + 49 (23 givenin Fig. 3b). Similar to squark-pair production, gluino
SUsp Usp 9 pair production is dominated byq pair annihilation. For a
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ECM=14TeV =
LHC E
a
[*R
= mg = 500 GeV E
S
5 10" F ;
Q
(%]
g 102 1
(&)
10-3 i i, 7
104k sby sby + sby sby 4 ) .
) FIG. 4. Total cross section for direct produc-
105 Lo . . . e . L e tion of (a) the sb;sb} pair and(b) thegg pair at
200 400 600 800 1000 1200 1400 1600 1800 2000 the LHC. The individuagg fusion andgqq anni-
(@) mg, (GeV) hilation contributions are shown. I we also
\ shiw~s~b1§)l+%{%’{ production, andsb,g
10 ' ' ' ' ' ' ' ' +sbjg production, where we have fixedhy
=500 GeV. In(b) we also showsb,g+sbtg
Egy=14 TeV i production, where we have fixedma)1
=200 GeV.
LHC
—_— 1L |
@ 10
c
2 10} ;
Q
Q
()]
a -1
e 10 F 7
S T N,
102 N
10'3 1L 1L 1L ~,
200 400 600 800 1000 1200 1400 1600 1800 2000
(b) mg (GeV)

gluino mass of 500 GeV the cross section is only a few fbwhile mgg, is fixed at 200 GeV in Fig. é). Therefore, for

anq thus this_ contribution becomes comparable to dsbgt very large mass the%l-or E]—pair production become sup-
pair production only Whermq)lzBOO GeV. Therefore, at pressed.
low mgp, the gluino contribution is very small, while at high ~ Before we discuss detection, we need to understand how
Msp, the gluino contribution can Oextend the sensitivity the %1 squark decays, to which we now turn.
further.
The situation is different at the LHC. We show the corre-
sponding results in Figs.(4 and 4b), respectively. We see IV. DECAY AND DETECTION OF THE STRANGE-
that gluon fusion now dominates ovgr pair annihilation. BEAUTY SQUARK
Furthermore, gluino pair production and squark pair produc-
tion cross sections are both above 10 pb fm;bl

=200 GeV andng=500 GeV, and both contributions have

If the SUSY scale is set at TeV, all SUSY particles should
be around this scale, unless one has cancellation mechanisms

; in the diagonalization of the neutralino, chargino, or sfer-
to be taken info account at the LHC. We also show the aSSGnion mass matrices that allow some of them to become close

ciatedsb,g+sbj g production cross se_ction jn Figsatand 1 the electroweak scale. The lightness of 81® in our
4(b). These curves are somewhat misleading, however, thalcenario is a particular example of this type. This in fact
their cross sections become larger thsdn-pair (or gluino-  jnyolves fine-tuning. However, the fine-tuning is comparable
pair) production for large enouging, (mg). This is simply  [3]to what is already seen in the quark mixing matrix. In any
because the mass of; is held fixed at 500 GeV in Fig.(4) case, we do not discuss it further here.
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We concentrate on squark-pair production at the Tevatrorpassing by a nuclelisan readily occut.However, the had-
We put the LHC study aside as its discussion is more intri+on could be electrically charged with equal probability. In
cate, but of less immediate interest. It is clear from Fig) 3 this case, the hadron will undergo ionization energy loss in
that the dominant production channels argg,qq the central tracking system, hence behaves like a “heavy
j%l%I- Gluino-pair production withm; =500 GeV, fol- muon.” Let us discuss this possibility since it is more

. . _ straightforward.
lowed by gluino decay, is ~0n|~y rEIGViTJSme_l The energy losslE/dx due to ionization in the detector
=300 GeV. On the other handgb;sb, and sbysb pair  material is very standarfil0]. Essentially, the penetrating

production and the associated production can be safely igarticle loses energy by exciting the electrons of the material.

nored. lonization energy losd E/dx is a function of3y=p/M and
In the following, we take on three situations for the decaythe chargeQ of the penetrating particle. The dependence on
of the strange-beauty squark: the masdM of the penetrating particle comes in througl

(i) When thesb is the lightest supersymmetric particle for a large mas#1 and smally [10]. In other wordsdE/dx

(LSP) and R-parity is conserved.This stablesh; case also IS the same for different masses if tifey values of these
includes the case when t@)l is stable within the detector particles are th? same. Fo_r the rangeBaf between 0.1 "’?”_d
but decays outside. 1 that we are interested iME/dx has almost no explicit

. ~ . L .. dependence on the malgsof the penetrating particle. There-
. (i) Thes_bl is the LSP buR-parity is vplated such that it forFe):, whend E/dx is measured ir?an exper?mpent, tRe’ can
will decay into 2 jets or 1 lepton plus 1 jet. be deduced, which then gives the mass of the particle if the
(i) The sb, is the next-to-lightest supersymmetric par- momentump is also measured. Hena#E/dx is a good tool
ticle (NLSP), and either neutralin@n supergravity or grav-  for particle identification for massive stable charged par-
itino (gauge-mediatedis the LSP such thasb, will decay ticles. In fact, the CDF Collaboration has made a few
into a strange or beauty quark plus the neutralino or gravsearches for massive stable charged partidék The CDF
itino. analyses required that the particle produces a track in the
Among the three cases we particularly emphasize caseentral tracking chamber and/or the silicon vertex detector,
(iii ), which is the most popular. In the SUGRA models, oneand at the same time penetrates to the outer muon chamber.
The CDF detector has a silicon vertex detector and a cen-
=~ o~ ~0 ~ , tral tracking chambetwhich has a slightly better resolution
—S/bG orsby,—s/bx;—s/b yG. Inany case, there willbe i, this regarg, which can measure the energy loskE(dx)
b/s-quark jets plus a large missing energy in the final stateof a particle via ionization, especially at loj#y<0.85 (3
We simplify the picture by modelling the decay a®;  <0.65) wheredE/dx~1/8%. Once thedE/dx is measured,
—>S/b’)}2 and by varying the mass of the neutralino. the masdM of the particle can be determined if the momen-
tum p is measured simultaneously. Furthermore, the particle
is required to penetrate through the detector material and
A. Stable strange-beauty squark make it to the outer muon chamber, provided that it has an
initial B>0.25-0.45 depending on the mass of the particle
In this case, thab,sb pair so produced will hadronize [11]- Therefore, the CDF requirement ghor By is (note
into color-neutral hadrons by combining with some light 8Y=8/\1— )
qguarks. Such objects are strongly-interacting massive par-
ticles, electrically either neutral or charged. If the hadron is 0.25-0.45p<0.65 = 0.26-0.50=py<0.86.

electrically r)eutral, .|t W|Illpass through the tracker with little The lower limit is to make sure that the penetrating particle
trace. The interactions in the calorimetry would be rather

o l can make it to the outer muon chamber, while the upper limit

intricate, since charge exchangd (eplaced byu when  makes sure that the ionization loss in the tracking chamber is
sufficient for detection. CDF has searched for such massive
stable charged particles, but did not find any. The limits
placed on the mass of these particles are model dependent
[12]. Some theoretical studies on massive stable charged par-

has sb,—s/by?, while in gauge-mediated modelsh,

A concern of this squark-LSP scenario is that the dark matter———

cannot be a colored or charged particle. However, one has to actu-2An issue arises when the neutral hadron containin Nfiqema
ally calculate the relic density of the LSP. Since the squarks anni- & y

hilate into SM particles via strong interaction, the relic density, POUnce”into a charged hadron when the interdais knocked off

which scales inversely with the annihilation cross section, is in fac@nd replaced by a, for example. The probability of such a scat-
very small, as long as the squark mass is less than 1-2 TeV. Theréering depends crucially on the mass spectrum of the hadrons
fore, such a squark-LSP scenario is safe and consistent with cosmtsrmed bysb;. In reality, we know very little about the spectrum,
logical constraints. A similar study on gluino-LSP scenario was perso we simply assume a 50% chance thgﬁawill hadronize into a
formed in Ref.[13]. In these cases, the dark matter has to be somaeutral or charged hadron.

other particle or substance, which might be viewed as a drawback®In run II, the requirement to reach the outer muon chamber may
of such pictures, but in principle they are possible. be dropped but it leads to a lower signal-to-background ratio.
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2 T T T T I T T T T T T T T I T T
| . m_=400GeV | |
. —_ m_=2300GeV
o sb,
151 __ m_=200GeV|
| /\ _
= by
& SN
g 1 / \\ _ FIG. 5. TheBy= p/mgjl spectrum for squark-
] / . . . .
° 3 pair production at the Tevatron, whepeis the
- | : squark momentum.
05 .
T ] ! 1
00 1 2 3
By=p/m

ticles exist for gluino LSP model$13], colored Higgs obvious that the feed down is relatively small forg,

bosons and Higgsindd.4], and scalar leptonfsl5]. =300 GeV, but becomes significant fong, =300 GeV.
We use a similar analysis for strange-beauty squark pair . SoL .
production with the squark remaining stable within the de-R€auiring about 10 such events as suggestive evidence, the

tector. We employ the following acceptance cuts on theSensitivity can reach up to almosigg =300 GeV with an

squarks integrated luminosity of 2 fb'.
p1(sb)>20 GeV, |y(sby)|<2.0, 0.25<By<0.85.
(24 B. sb, as LSP butR-parity is violated
In Fig. 5, we show the3y distribution for directsb, pair In this case thesb, pair so produced will decay via the

production at the Tevatron. It is clear that more than half ofR-parity violating terms\’LQD® or A"U°D°D¢ in the su-
the cross sections satisfy tifey cut. This is easy to under- perpotential. In general’ and\” couplings are not consid-
stand as the squark is massive such that they are produceged simultaneously, otherwise it will lead to unwanted
close to thESh0|d. In Table | we show the cross SeCtionﬁ)aryon decay. Since nonzekd couplings would give only
from directsb, pair production with all the acceptance cuts multi-jets in the final state, which would likely be buried
in Eq. (24), for detecting 1 massive stable charged particleunder QCD backgrounds, we only consider Mecoupling
(MCP), 2 MCPs, or at least 1 MCPs in the final state. Thejn the following.
latter cross section is the simple sum ﬂ the former two. We By the right-handed nature of the strange-beauty squark in
have used a probability of 50% that tsé, will hadronize  our scenario, the third index in the’ coupling is either 2 or
into a charged hadron. In the table, we also give the feed and we only considex/ ;, A/, withi=1, 2. The strange-
down from gluino-pair production in the parentheses. It isbeauty squark will decay inte”u or x~c. Therefore, the
_ _ _strange-beauty squark behaves like scalar leptoquarks of the
TABLE I. Cross sections for direct strange-beauty squark Paifi st or second generation, respectively. The decay mode of
production at the Tevatron, with the cuts of E84). Hereouwce, ¢ js not feasible at the Tevatron. The current published
oomce denote requiring the detection of 1, 2massive stable chargeﬁmi,[S [16] from CDF are 213 GeV and 202 GeV for the first
particles(MCP) in the final state, respectively. Requiring at least and second generation leptoquarks whilé Biftained limits
one MCP in the final state corresponds to simply adding the two f 225 and 200 GeV. respectively. The latest preliminar
cross sections. In parentheses, we give the contribution fed dowﬁ . ’ P Y- P . y
from direct gluino-pair production. imits [16] from CDF are 230 and 240 GeV, resp_ectlvely,
while those from DCare 231 and 186 GeV, respectively. In
one of the preliminary plots, the combined limits from all

mey, (GeV) Tumce (0) Tzmce () 7=mop (1) CDF and DOrun | and Il data can push the first generation
200 41(0.49 9.3(0.02 50(0.48 leptoquark limit to around 260 GeV, which is very
250 10.9(0.99 2.8(0.149 14 (1.0 impressive! The sensitivity reach in run 1l has been studied
300 3.1(1.2 0.91(0.3 4.0(1.5
350 0.87(1.3 0.29(0.43 1.2(1.8
400 0.23(1.9 0.088(0.48 0.32(1.8 “These limits are for the leptoquarks that decay entirely into
450 0.058(1.4) 0.024(0.51) 0.082(1.9 charged leptons and quarks. If the leptoquark also decays into a

neutrino and a quark, the corresponding limit is somewhat weaker.
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TABLE II. Cross sections in fb for direct squark-pair production at the Tevatron viath 1.96 TeV, for 0, 1, 2b-tagged events. The
imposed cuts arg@+;>15 GeV, |7;|<2, and p:>40 GeV, b-tagging efficiencyey,,=0.6, and a mistag probability of,;s=0.0. In
parentheses, we give the contribution fed down from direct gluino-pair production.

Mk, (GeVv) 0 b-tag 1b-tag 2b-tag Ob-tag 1b-tag 2b-tag
Sirff,=1 Sirtg,=0.75
150 115(0.11) 288(0.59 175(2.2 190(0.29 284 (0.89 104 (1.6
200 26(0.09) 70(0.49 47 (2.2 44 (0.27) 70(0.8H 28 (1.7
250 6.1(0.090 17 (0.49 11 (2.2 11 (0.27 17 (0.8H 6.8(1.7)
300 1.5(0.090 4.2(0.49 2.9(2.2 2.6(0.27 4.2(0.89 1.7(1.7)
350 0.380.090 1.1(0.49 0.722.2) 0.66(0.27 1.1(0.89 0.43(1.7
400 0.0940.090 0.2600.49 0.18(2.2 0.16(0.29 0.26(0.86) 0.11(1.7)
450 0.0220.096 0.0600.5)) 0.04(2.2 0.038(0.28 0.061(0.87) 0.025(1.7)
sirf6,,=0.5 sirf4,,=0.25
150 283(0.66 243 (1.2 51 (1.0 395(1.3 165(1.1) 17 (0.40
200 68(0.63 61(1.2) 14 (1.0 96 (1.3 42 (1.1 4.6(0.42
250 16(0.62 15(1.) 3.3(1.0 23(1.3 10(1.1) 1.1(0.42
300 4.0(0.63 3.7(1.) 0.84(1.0 5.8(1.3 25(1.1) 0.28(0.42
350 1.0(0.63 0.93(1.1) 0.21(1.0 1.4(1.3 0.64(1.1) 0.071(0.43
400 0.25(0.63 0.23(1.2 0.052(1.1) 0.35(1.3 0.16 (1.2 0.017(0.43
450 0.058(0.64) 0.053(1.2 0.012(1.0 0.083(1.3 0.037(1.1) 0.004(0.42

in TeV2000 report{17]. The reach on the first or second back to cas€i). So here we focus on the prompt decay of the

generation leptoquarks are 235 and 325 GeV with a luminosstrange-beauty squark, which is considered to be the more
ity of 1 and 10 fb'!, respectively. Apparently, the prelimi- popular case. o

nary limits obtained by CDF and D@ith a luminosity of There are 2 quark jets in the final state sif;sbi pair
~200 pb! are already very close to or even surpass theproduction, each of them either strange or beauty flavored,
sensitivity reach quoted in TeV2000 report. Therefore, weand with large missing energy due to the neutralinos or grav-
believe that the limit that can be reached at the end of run litinos. We impose the following cuts on the jets and missing
(2 fb~1) is very likely above 300 GeV. With an order more transverse momentum, and we choose the following
luminosity, the limit may be able to reach 350 GeV: see thé>-tagging and mistag efficiencies

total cross section in Fig.(8). pr;>15 GeV, |7]j|<2_0, pr>40 GeV,

C. sb, is the NLSP €btag= 0.6, €pmis=0.05.

In this case theb, so produced will decay into a strange Note that the branching ratio of the strange-beauty squark
or beauty quark plus the neutralino in the supergravityinto ab quark scales as Sit,.

framework or the gravitindor via an intermediate neutralino We have tested our parton-level Monte Carlo program as
into a photon and a gravitinan the gauge-mediated frame- follows. Most events generated pass the jet;(and | qﬂ)

work. Experimentally, the signature is similar, e>_<cept for therequirements, as long as the mass difference betweesbihe
fact that the neutralino is of order 100 GeV while the grav-nq % is larger than 50 GeV. Taking(Sbh,—by)=1 (a

itino is virtually massless compared to the CO”iderg‘ergy'standar(f) squark, we verify our inputb-tagging efficiency,
We simplify the picture by modelling the decay a® ¢ the ratio 0f0:1:2 b-tagged jets is 16:48:36. Choosing
Hs/bx‘f and by varying the mass of the neutralino. In addi-y,¢ B(s~61—>b}$)=0.5 value expected in our scenario, the
tion, we have to check if the strange-beauty squark will deyatig of 0:1:2 b-tagged jets becomes 49:42:9. The double-
caywithin the detector. In the SUGRA case, the decay rate i$ag approach becomes far less effective, but if we only re-
of electroweak strength hence the decay is prompt. Howevegyire at least oné-tagged jet in the final state, the overall
in the gauge-mediated case, the decay rate scales @ficiency is about 0.5. On one hand, this is a dilution com-
~1F§ysy, where\Fsysy is the dynamical SUSY breaking pared to the standafdl squark pair production, which gives

scale. Therefore, ifyFgsysy is so large, the strange-beauty overall efficiency of 0.84. On the other hand, the prospect is
squark behaves like stableparticle inside the detector. Ref- still very good for run |I.

erence[15] showed that, foryFg,5y=10" GeV the scalar
tau NLSP would behave like a stable particle inside a typical—

particle detector. This value applies to the strange-beauty>The mistag efficiency is the probability that a nbrjet is de-
squark as well, up to a color factor. If it is stable, one goesected as @-jet.
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In Table 11, we show the cross sections in units of fb for squark mass is below 300 GeV. As one has to reqoige
direct squark-pair production, with the squark decaying into=500 GeV, which comes from low energy bounds, gluino
either s/b plus a neutralino at the Tevatron Withs  pair production is in general subdominant. However, as the
=1.96 TeV. We have setmo=100 GeV; other values of squark mass is above 300 GeV, the feed down from gluino-
o do not affect the result in any significant way, so long aspair production withmg=500 GeV becomes sizable. Fur-

the mass difference between the squark and neutralino iermore, many new avenues suchsas(s9 —>s~513~6(1*’
larger than about 50 GeV. Note that the production cros®pens up. These are, however, very suppressed at Tevatron
section itself is almost independent of &R andmy. Thisis  energies because of heavy gluino mass.

because the dominant production channel is the standard We have studied three decay scenarios of the strange-
QCD &channelqaa%lgb’{ process and we have imposed beauty squarks that are relevant for the search at the Teva-
Mg =500 GeV. The gluino-pair production process, which istron, which is of inmediate interest because it can be readily
also independent of sifi,,, is only 2.9 fb, and only becomes done in the near future. The three decay modes that we have
relevant formgs, =300 GeV. The branching ratio of tfeh;  considered aréi) (quasjstablesb; as insby-LSP SUSY or

into ab quark, however, scales as 4. We therefore give in gauge-mediated SUSY breaking with a very laxge, (ii)
results for siRg,=1, 0.75, 0.5, 0.25, and for 0, 1, and 2 R-parity violating decay ofsb, (hencesb, behaves like a

b-tagged jet events. The case forlp=1 is the same as a leptoquark, and i) the popular case Q%l_ﬁ/b;(g decay,

standardb squark. wherey? is the LSP. In the first case, tis®, once produced

We see that, for sff#,=0.5, if we only require at least 4 hadronize into a massive stable charged particle like a
oneb-tagged jet rather than demanding double-tag, the Crosﬁweavy muon,” which would ionize and form a track in the

section does not change drastically as gjndecreases from central tracking system and in the outer muon chamber. This

1 to 0.5. Requiring a minimum of 10 signal evéh&s sug- . ; e .
gestive evidence for such a squark, with an integrated lumit> & Ve clean' S|gpature. Thf ;en3|t|V|ty for run Il with an
nosity of 2 fo'! the sensitivity is around 300 GeV, if integrated Juminosity of 2 fb" is up to about 300 GeV,

sit6,=0.5. If the integrated luminosity can go up to which may increase to about 350NGeV with an order more
20 fb 1, then the sensitivity increases to 350 GeV. luminosity. In the second case, tb®, decays like a lepto-
We emphasize that the double-tag vs single-tag ratio corduark of the first or second generation. The best current limit
tains information on s#¥,,, while their sum, when com- IS 260 GeV(preliminary[16]) for the first generation. This is
pared with the standarll squark pair production, provides alréady at the sensitivity level of the Tev2000 stydy] for
additional consistency check on cross section vs mass. Suéhft *- With an order more luminosity, the limit should
work would depend on more detailed knowledge of the deteach 350 GeV. In the last caﬁ)l—s/b}‘l) decay leads to

tector, which we leave to the experimental groups. multiple b-jets plus large missing energy in the final state.
The number ofb-tag events depends on the mixing angle
V. DISCUSSION AND CONCLUSION siné,,, because the branching ratio 8b;—by; scales as

sirfé,,. As long as sif¥,,=0.5, the sensitivity at the run I

In this work, we have considered the SUSY scenario thajith 2 fb~! goes up to about 300 GeV. With improved
the only light degrees of freedom are the right-handed,-tagging in run II, one can also make use of the single
strange-beauty squarkmgp =200 GeV) and gluino fi;  versus doublé-tag ratio as well as the-tagged cross sec-
=500 GeV). Such a light squark is a result of a near-tion to determinemgp, and the mixing angle st
maximal mixing in the 2-3 sector of the right-handed
squarks, which is in turn a result of approximate Abelian . ; . :
flavor symmetry. are compgrable, witlyg fusion being the QOmmant meg:ha-

We have performed calculations for direct strange-beautf'S™-_Unlike at the Tevatron, the associated production of
squark-pair production, as well as the feed down fromsg—sb,g becomes interesting at the LHC. Nevertheless,
gluino-pair production and the associated productiosiaf ~ Sb;sb; or sbisbf pair production remains relatively unim-
with gluino. It turns out that the dominant contribution portant. Withsb, as light as 200 Ge\sb,sb; pair produc-

comes from direct squark-pair production as long as th§jon may be relatively forward. On the other hagd, events,
followed by§—>’s~bls/b, would have extra hard jets to pro-

SFrom an experimental study of scalar bottom quark search byide more handles. Thgb;g final state,.if it can be sgpa—
— . . rated, can probe the mixing angle é@s in the production
CDF [18], the background comes fro, single and pair vector cross section. Discovery of the strange-beauty squark at the
boson production. Usingy-tagging the number of background ’ e
P -tagging g LHC should be no problem at all, but the richness demands a

events was reduced to the few events level with run | data. There- dedi 4 d hich | for f K
fore, with ten times more luminosity in run Il but much improved more dedicated study, which we leave for future work.

b-tagging and event selection techniques, the background should be N conclusion, the recent possib@P violation discrep-

of O(10) events. If so, 10 signal events above this backgroundnCy in B— ¢Ks decay suggests the possibility of a light
would have a sensitivity of 2 sigma or more. So, for simplicity we Strange-beauty squarkb; that carries both strange and
use 10 signal events as a rough criteria for sensitivity reach. beauty flavors. Such an unusual squark can be searched for at

At the LHC sb;sb* andgg pair production cross sections
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