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Z decay into a bottom quark, a light sbottom, and a light gluino
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The discrepancy between the measured and theoretical production cross sebtmmad{s at the Fermilab
Tevatron can probably be explained by the recently proposed scenario of light gluinos of mass 12—-16 GeV and
light shottoms of mass 2-5.5 GeV. In this scenario, we study a related process ZAtptie, Z—>bB*{§
+551§ followed by§—>bB’1* /551. The hadronic branching ratio for this channel is (1302, which is of
the order of the size of the uncertainty Ry . We find that a typical event consists of an energetic prompt
bottom jet back to back with a “fat” bottom jet, which consists of a bottom quark and two bottom squarks.
Such events with a I branching ratio may affect the measuremenRgf they are even more interesting if
the fat bottom jet can be identified.

DOI: 10.1103/PhysRevD.67.015005 PACS nuntber12.60.Jv, 13.87.Ce, 14.65.Fy, 14.80.Ly

[. INTRODUCTION Such a scenario easily contradicts other experiments, es-
pecially theZ%-pole data because of the light sbottom. How-
There has been a persistent discrepancy that the measureder, it can avoid th&-pole constraints by tuning the cou-

Cross SeCtlon of hadronIC prOdUCtlon bfquarks measured p||ng Obelb* to zero by Choos|ng a SpeCIfIC m|X|ng ang'e
by both Collider Detector at FermilatCDF) and DO Col- 0, of bL andbR. sir?6,=2sir2d,y, whered,, is the Weinberg
Igboraﬂons[l] Is .about a fagtor of 2 larger than the p_redlc- mixing angle. In spite of this, subsequent studj@s-9
tion in E{)erturbat;:/isQCDkwnh the mosctj :)hpn;nalt c_h0|§e of showed that such a light gluino and sbottom will still con-
parameters, suc quark massifi,) and the factorization tribute significantly toR,, via one-loop gluino-sbottom dia-

scaleu, tuned to maximize the calculated rat®ecently, - ~
Bergeret al. [5] interpreted the discrepancy in the scenariodrams. In qrder to suppress such contributions, th(_a selsond
has to be lighter than about 180 Gé&at 50 level) with the

of light gluinos and light sbottoms. Light gluinos of mass ; o ) )
corresponding mixing angle in order to cancel the contribu-

between 12-16 GeV are pair produced by Qqﬁandgg
fusion processes, followed by subsequent decays of gluinoS0n Of b, in the gluino-shottom loop contributions ;.
Although the scenario of Bergest al. is not ruled out, it

N iy
g—bby/bb,, where the shottom has a mass 2-5.5 Gevcertalnly needs a lot of fine-tuning in the model. In other

Therefore, in the final state there aob+b,by, and the  words, instead of saying this scenario is fine-tuned, we can
sbottoms either remain stable or decay into other light hadsay that so far the light gluino and light sbottom scenario is
rons(e.g., viaR-parity violating couplingsand go into théd  not ruled out. It definitely deserves more studies, no matter
jets. Gluino-pair production thus gives rise to inclusive whether it was used to explain the excess in hadronic
b-quark cross section. The mass range of the gluinogs  bottom-quark production or not.
=12-16 GeV and the sbottom rsq, =2-5.5 GeV. Such The light gluino and light sbottom scenario will possibly
masses are chosen so that both the total cross section and #¥e rise to other interesting signatures, e.g., decay,ohto
transverse momentum spectrum of thequark are repro- the light sbottom[10], enhancement oftbb production at
duced. Before the work of Bergest al, there have been hadron colliderd11], decay ofY into a pair of light sbot-
some studies in the light sbottom and/or light gluino scenaridoms[12], and affecting the Higgs dec&$3]. In a previous
[6]. However, such a scenario cannot be ruled out, unleswork [14], we calculated the associated production of a
there exists an sneutrino of at most 1-2 GeV. gluino pair with aqq pair and compared it to the standard
model (SM) prediction ofqgbb at both CERNe*e™ col-
lider LEPI and LEPII (here q refers to the sum over
fEmail address: keung@uic.edu u,d,c,s,b). We found that at LOEPII theyqgg production
IReference$2,3] argued that if the most up-to-dalBefragmenta- cross section is about 40-20% of the SM production of
tion function is used the observed excess can be reduced to &Hbb, which may be large enough to produce an observable
acceptable level. Fielgt] interestingly pointed out that correlations excess Inqub events[14]. This is rather model indepen-
between theb and b can be used to isolate various sources ofdent, independent of the mixing angle in the sbottom, and is

production; especially, in his study he included the fragmentation o QCD process.
gluon and light quarks. In this work, we present another interesting channéf in
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decay in the light gluino and light sbottom scenario:
Z—bb*g+bb,g, followed by g—bb*/bb,. (1)

Since the gluino is a Majorana particle, it can decay either
into bb* or bb,. The final state can bebbb* , bbb,b;, or
bbb;b% . This channel, unlike that mentioned above, de-
pends on the mixing angle & andbg in the bb¥g cou-
pling.

The hadronic branching ratio of this channel will be

shown to be (3.4-2.5)10 2 for sin26,>0 and (1.4-1.1) o .
x 1073 for sin26,<0, and for my=12—-16 GeV andn Even after a perfect cancellation in the amplitude
' 1

=3 GeV, which is of the order of the size of the uncertainty —P1P1 , theZ boson can still decay at tree level irt7 g
in R,. The process is the supersymmetric analogue of (or its conjugated channehs shown in Fig. 1. The Feynman

—bbg, but kinematically they are very different because Ofamplltude 1S

the finite mass of the gluino and sbottom. A typical event pm

consists of an energetic prompt bottom jet back to back with (= \/Egsgzu(b)éz(gLPL+gRPR)Z—b(Sin 6,Pr
a “fat” bottom jet, which consists of a bottom quark and two pc—mj

bottom squarks. If such events cannot be distinguished from
the promptbb events, they may increase tiig measure-
ment RpP=0.21646- 0.00025 [15])) with a hadronic
branching ratio of (1-3% 10" *. If the fat bottom jet can be L , =
distinguished from the ordinary bottom jet, then this kind ofspogd to the color indices of the final-state partidied]
events would be very interesting on their own. It is a verifi-andg, respectively. We can tabulate the complete formula of
cation of the light gluino and light sbottom scenario. Further-the transitional probability, summing over the initial- and
more, if the flavor of the bottom quarks can be identified, thefinal-state spin polarizations or helicities, and colors, as

ratio of bb:bb:bb events can be testdtheoretically it is 1 :

FIG. 1. The Feynman diagram for the proc@ss bb*g.

A. Primary production

—p+

+cos¢9bPL)Tf}v(§), (©)

where P g=(1% Y212, g;=g,/coshy, andi,j,a corre-

1 292
1:2) [5]. > | M|2=——F—(Ng+mym;N;sin 26, + m2N,),
The paper is organized as follows. In the following sec- M (pz_mg)z 0 T b2
tion, we present the calculation, including the decay of the (4)

gluino into bb? or bb;. In Sec. Ill, we show the results and
various distributions that verify the fat bottom jet. We con-
clude in Sec. IV. There is an analogue in hadronic collisions,
pp—bbg followed by g—bb%/bb,. Thus, it also gives
rise to two hadronic bottom jets. However, in the hadronic  \ _ 324 m2 +(a2+a2)(b-b+2p-Zb-Z/s
environment it is very difficult to identify the fat bottom jet. 1=3(P"+M5)0 9r * (9L F GR)(P P )
We believe it only gives a small correction to the inclusive
bottom cross section.

No= (g7 sin? 6, + g4cos 6,)[4g-p b-p

+p?g-b(p?*~m;—2s)/s+2g-p p-Zng/s], (5)

N,= 60, grg- P+ (gaSiM gy + g7 coS )
x(g-b+29-Zb-2ls),

Il FORMALISM wheres=M2. Here the momenta of the particles are de-
The interaction Lagrangian among the bottom quarkhoted by their corresponding symbols. We ysé denote
sbottom, and gluino is given by the momentum of the virtudd, which turns intog andB’l‘
(i.e., p=g+b¥).

= . One can integrate the exact three-body phase space to find
£22g40];g%(sin,P_ +cosO,PR)TAbj+H.c], (2 the decay rate,

~ ~ Tk 1 2\/g dedXB
where the lighter sbottomb, is a superpositionb, dI'(Z—bb1g)=3 > M| P T (6)
=sin f,b, +coséy,br of the left- and right-handed states via
the mixing angled,. As mentioned above, the vanishing of The scaling variables of the three-body phase space are de-

the Zb,b* coupling requiresy, sir6,+grco6,=0, where  fined by
=—1+1sirfh, and gr=3sirfé,. It implies sirf4,
g:L%sinZQZQW_B O gr=3 B p b Xp=2E, /M, X5=2E5vlc/|\/|z, X§=2E§/sz (7)
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with the energie€; measured in th& rest frame, and,

+Xp+Xg=2. The ratios of the mass-squared are Channel 2, v(g)—\29sTe——F5———
g2—m§+il“5n”r§J

2 2
po=MIMZ, wp=m; IMZ, pg=mg/Mz.  (8) X (sin B,Pg -+ cos8,P v (b),

(1Y
The region of the phase space is limited by - -
for the procesg—bb} . We use the narrow-width approxi-

mation to calculate the on-shell gluino propagator
2\ =<Xp=<1+ pup— up— pig— 2\ g, 9 g propag
1 T o~y 2 2
Xp= 3 (1= X+ ) (2= Xp) (1+ st 45— 15— Xo) @i e mrg 9 Mo 2
g g9

*+ (X = Aup) VAYA L+ =X, 45, 1) ] ~ Tk orhLT i '
whereg=b+ b} or b+b;. Assuming the gluino only decays

with the function A(a,b,c)=a2+b2+c?—2ab—2bc @nto bTJ’l‘ andBBl, we find that the decay width of the gluino

—2ca. The scalar dot products can be expressed in terms d¢f
the scaling variables as

~_1 1/2 2 2 2 2 2 2 2
I'g=z(as/mg)\ (1,m,0/m5J ,msllma)(ma+ mb—mBl

P2=s(1+up—Xp), 9-b=3S(1—Xp+ up— ug— 4b), +2mgmy,sin 26,). (13

. - . Since we have already assunfe@ invariance in Eq(2),
b-p=3s(Xp—2up), 9-P=3S(1—Xp— up+pug+up). event distributions ofCP-conjugated variables in the, re-
spectively, CP-conjugated processes & decays are the
The calculation for the charge-conjugated procé&s same. For example, the angle between thetiwoarks from
—bb,g can be repeated in a straightforward manner. EquaZ— bb} g followed byg—bb} has the same distribution as
tions (4) and (5) remain valid if we make the substitutions the angle between the tvKuarks fromZ_>_bB1§ followed
b—b, bf <b,. by g—bb;.

B. Decay of gluino lll. RESULTS

Since the gluino so produced will decay promptly into ~ We first list the input parameters in our study

bb* or bb,, the event ends up with the final statesb: b% , . \/7
bbb,b* , or bbb;b,. In the minimal hypothesis that the Mo~ 42 GeV, Mp =3 GeV, sinfp=\5sinfy, cost,

sbottom hadronizes completely in the detector, it behaves "
like a hadronic jet. The final configuration includésb == V1-§siroy.

+2j, bb+2j, andbb+2j at the parton level. We will Show  1¢ eaeQ that we used in the running strong coupling
below that the 2 most of the time goes together with the .,stant is evaluated at(Q=M,/2) 2

softerb, and therefore makes thelook “fat.” Although the We show in Fig. 2 the partial width of the chanr@l

gluino decays into conjugated channéls; and bb} with —>b~b’f§+551§ versus the gluino massy for two different

equal rates, corresponding distributions can be different agjy, ‘chojces sin@,=0. Numerically, the effect ofn, is not
the;i*gre corrglated fo the specified prlmary. procé’ss negligible at\'s=M; . Given that the total hadronic width of
—bbyg. For this reason, we perform the full helicity calcu- the 7 boson is 1.745 GeY15], the hadronic branching frac-

lation following the decay chaing— bbjg andg—bb} or  tion of the procesg—bb* g+bb,g is (3.4—2.5)x 102 for
bb,. Based on Feynman rules for the Majorana fermions, wesin 2¢,>0 and (1.4-1.1x10 % for sin24,<0, and mg
replacev(g) in the above Eq(3) by =12-16 GeV. Thus, this hadronic branching ratio is at the

- ~g+mg
Channel 1, v(g)——2g,T%=; g+ m;

= 2. 2The difference inas between including and not including the
g —m§+|1“gma

light gluino and sbottom in the running ef; from Q=M to M /2
. — is only 3%. Thus, we neglect the effect of the light gluino and
X (sin 6,P+coso,Pr)v(b), sbottom in the running of,. Reference$5,12] also estimated the
(10) effect of including the light gluino in the running afg in their
studies. A recent work16] studied the running ofrg from low-
I _ energy scales such as. to M including a light gluino and a light
for the procesg—bb;. Similarly, we replacey(g) in EQ.  sbhottom. However, it cannot rule out the existence of such light
(3) by particles from current data.
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FIG. 2. Partial width ofZ—bb}g+bb,g vs my for mg,

=3 GeV andm,=4.5 GeV. (b) sin26,< 0

level of, or even larger than, the uncertainty in tRgmea- 4t
surement RP=0.21646- 0.00065). If it cannot be distin-

guished from the prommHevents, it will affect the preci-

sion measurement on tb yield at LEP I. K37 _—
In the following, we study the event topology to examine 5§ | x;
the difference from the promitb production, which essen- = 5|

tially consists of two back-to-back clean bottom jets with
energy equal taM,/2. In Fig. 3, we show the energy distri-
butions, in terms of dimensionless variablgs xp, andxg,

of the promptb, sbottom, and gluino, respectively. The ir /,-";//

prompt b has a fast and sharp energy distribution as ex- -7

pected, but the gluino and the sbottom have slower and flat 7

ter energy spectra. We also note that the spectra are differer 0 0 02 04 06 0.8 1

between sin 2,>0 and<0. These features are very different
from the promprproduction including QCD correction, in
which bothb andb are very energetic and the gluon is quite ~ FIG. 3. Normalized energy spectra of thexy), sbottom &),
soft. and gluino ;) in the decayZ—bbfg. (a) sin26,>0 and (b)

In Fig. 4, we show the energy spectra for the decay prodsin 26,<0.
ucts,bgecaNdbyee, Of the gluino. Since gluino is a Majorana
particle, it decays into eithéﬁ)’l‘ orEEl. Although there are  __
some differences between these two decay modes because?af in Fig. 5. Here we only show the spectra for the case

bgecare rather soft. We also note that the spectra are dif'feren%O or <0, Channel 1 or Channel 2, the spectra are very

between sin 8,>0 and<<0. Therefore, just by looking at the S|milar..We can immediately see th"_"t the primbrig back to
promptb and the secondartyye, it is found that the energy Pack with the secondatyse from gluino decay. Th@gecand
spectra are very different from the promipb production. byec are very much close to each other, so that the cosine of
However, if the first and the second shottoms go very closé€ angle between them is peaked at 0.8—-0.9. The cosine of
with the secondarp.. and cannot be separated experimen-the angle betweeby..andb? has a broader distribution, but
tally, and the sbottoms deposit all their energies in the detecstill peaks in the cog=1 region. Thus, we have the follow-
tor, then the event will mimic the promjptb event. Thus, it ing picture. The decay productSye. andbge., and the pri-

is important to look at the angular separation among thenaryb* combine to form a wide or fat bottomlike jet. This

Xo,b.9)

final-state particles. _ fat bottom jet is back to back with the primary bottom jet,
We show the cosine of the angleS between the pr”’tﬂary Wh|Ch has an energy C|ose MZ/Z
and thebge., betweenbye. andbge., and betweerby., and Here we comment on the possibility that the channel that
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(a) sin26, > 0 Z->bbg->bbb,b,,
3 T T T T 4 T T 2 T T T i )

between b and b,

and b

------------ between b, and b /

——- between b, -

(1/T)dr/dx
(1/T)dT/dcos6
N

0 0.2 0.4 0.6 0.8 1

% .
(gec Pdec)

(b) sin26, < 0 FIG. 5. Normalized spectra of the cosine of the angles between
' ' various pairs of final-state partons in the decay pro@esst)*{a,
followed by g—bb;. Herebge. andbyec denote the decay products
of the gluino.

energetic and one much less energegpicis missing energy,

and thus would not affedR,. Nevertheless, this is a very

. interesting signal on its own. On the other hand, if the shot-

toms deposit all their kinetic energy in the detector, the mea-

sured energy of the fat bottom jet would be closétg/2. In

this case, it may affect the measurementRgf. In fact, it

1 would increaseR,, . But if the fat bottom jet could be distin-

guished from the normal bottom jet, the present channel is

also interesting on its own. According to a study on the light

gluino [17], an sbottom of mass 2-5.5 GeV, if similar to the

0 02 0.4 0.6 0.8 1 gluino, will likely deposit most of its kinetic energy in the

Xe o) detector. If this is the case the signal would be two back-to-

ceerCte back bottom jets, one of which is fat or wide, with no or little

missing energy.

FIG. 4. Normalized energy spectxg, and Xb oo in which the
bottom and sbottom are the subsequent decay products of the
gluino. (a) sin 26,>0 and(b) sin 26,<0. Here “ch. 1" and “ch. 2" IV. CONCLUSIONS
refer to the decay channels of the gluino in E¢E)) and (11),

respectively. We show that the light-sbottom-gluino scenario predicts

the productionofobbib* , bbb,b* , andbbb,b; at the Z
pole, with a branching fraction of order of 18, depending

we consider here may affect tig, measurement, based on on the gluino mass and the sign of the mixing angle. The
two criteria. First, one of the bottom jets in the channel undeevent topology is very different from the prompb produc-
consideration is fat. If the two sbottoms cannot be separatetion. Depending on whether the sbottoms deposit little or
from the bottom, the resulting bottom jet will just look like a almost all of their energies in the detector, the signal would
fat bottom jet and may affed®,. Second, whether the en- be very different. If the sbottoms escape the detector unno-
ergy in this fat bottom jet equals to half of tBemass or not.  ticed, the final state would be two bottom jétse energetic

As mentioned by Bergeet al. [5], the sbottom can either and one much less energetiglus missing energy. On the
decay into light hadrons or escape unnoticed from the detemther hand, if the shottoms deposit all their kinetic energy in
tor. If the sbottoms escape detectigvhich means that they the detector, the final state will be two bottom jets, one of
do not deposit enough kinetic energy in the detector materialvhich is fat. In this case, it may increase the measurement of
for detection, the fat bottom jet would have an energy muchR,. But if the fat bottom jet could be separated from the
less tharM ;/2. The final state would be two bottom jétsne  normal bottom jet, it is a distinct signal. These two kinds of
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signals may well be hidden in the LEP | data, waiting for a

deliberate search.
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