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Kaluza-Klein gravitino production with a single photon at ete™ colliders
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In a supersymmetric large extra dimension scenario, the production of Kaluza-Klein gravitinos accompanied
by a photino ae*e™ colliders is studied. We assume that a bulk supersymmetry is softly broken on our brane
such that the low-energy theory resembles the MSSM. Low energy supersymmetry breaking is further assumed
as in GMSB, leading to a sub-eV mass shift in each KK mode of the gravitino from the corresponding graviton
KK mode. Since the photino decays within a detector due to the sufficiently large inclusive decay yate of
— G, the proceSQ*e*HEE yields single photon events with missing energy. Even if the total cross
section can be substantial @5=500 GeV, the KK graviton background @& e — yG is kinematically
advantageous and thus much larger. It is shown that the obser¥able=o(e_ eg) —o(ere) can com-
pletely eliminate the KK graviton background but retain most of the KK gravitino signal, which provides a
unique and robust method to probe thepersymmetribulk.
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I. INTRODUCTION most realistic framework of extra dimensional models, string
or M theory[8], indeed possesses supersymmetry as a fun-

The standard mod€iSM) has been thoroughly tested in damental symmetry. Moreover, extra dimensions can play
various experiments even if the Higgs boson remains as thie role of supersymmetry breaking on a hidden bf@jer
only missing ingredient. From the theoretical viewpoint,in the bulk by Scherk-Schwarz compactificatiidr©].
however, the SM has several unsatisfactory aspects such asObviously phenomenological signatures of supersymmet-
the gauge hierarchy problem: The Higgs boson mass near thie bulk are crucially dependent on how many supersymme-
electroweak scale requires a fine-tuning to eliminate quatries survive on our brane below the scMeg. One interest-
dratically divergent radiative corrections. Low-energy supering possibility is that a single supersymmetry is softly broken
symmetry is known to cancel the quadratic divergence byn our brane such that our low-energy effective theory yields
introducing a supersymmetric partner for each SM particlesupersymmetric spectra as in the minimal supersymmetric
[1]. Supersymmetry protects the electroweak scale Higgs bastandard modeMSSM). One distinctive feature of this sce-
son mass from the Planck scale, as the cgauge sym-  nario is the presence of the gravitino, the superpartner of the
metry does for fermionggauge bosons graviton. Since this gravitino also propagates in the full di-

Recently another new route to the solution of the gaugenensional space as it belongs to the same supermultiplet
hierarchy problem has been opened, based on advancesviith the graviton, we have gravitino Kaluza-Klein modes on
string theories, by introducing extra dimensions. Arkani-our brane. The soft and spontaneous breaking of a supersym-
Hamed, Dimopoulos, and DvalADD) proposed that the metry results in the mass shift between a graviton Kaluza-
large volume ofs-dimensional extra dimensions can explain Klein (KK) mode and the corresponding gravitino KK mode,
the observed huge Planck scally [2]: The fundamental  of orderA%,c/Mp. Here the four-dimensional Planck mass
gravitational scale or string scaMs is related to the Planck M, scales the strength of gravitino coupling and,sy is
scale Mp and the size of an extra dimensidd by M3, the supersymmetry breaking scale. If low-energy supersym-
= M§+2R5; the hierarchy problem is resolved k& can be  metry breaking is assumed, e.g., in the gauge mediated su-
maintained around a TeV. Later Randall and Sund(&®) persymmetry breakingGMSB) scenario, the resulting mass
proposed another higher dimensional scenario based on tvghift is very light: For Agysy~100 TeV, AZ,s/Mp,
branes and a single extra dimension compactified in a slice-1 eV. Restricting ourselves to the ADD scenario, we have
of anti-de Sitter spacg3]: The hierarchy problem is ex- almost continuous spectrum of KK gravitinos with the zero
plained by a geometrical exponential factor. These extra dimode mass at sub-eV scale. In Rdfll], the four-
mensional models are very interesting and they can lead tdimensional effective theory in a supersymmetric ADD sce-
distinct and rich phenomenological signatures in future colnario has been derived, including the couplings of the bulk
liders, characterized by low-energy gravity effepds5]. In gravitino KK states to a fermion and its superpartner. At
the ADD case, for example, the multiplicity of gravitons e*e™ colliders, the virtual exchange of KK gravitinos can
below an energy scale E is proportional to occur only in the selectron pair production which was shown
(ER)’(=M3EM2*?), which is extremely large and com- to substantially enhance the total cross section and change
pensates the small gravitational coupling. the kinematic distributions.

An economical description of new physics to solve the Another distinctive signature of KK gravitinos is their
gauge hierarchy problem would introduce either low-energyproduction at high-energy colliders. A superlight gravitino,
supersymmetry or extra dimensions. Nevertheless supersymich becomes the stable lightest supersymmetric particle
metric bulk is theoretically more plausiblé,7] since the (LSP), escapes any detector, leading to missing energy
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events. Moreover the decay modes of a supersymmetric pathree extra dimensions are to be considered since inSthe

ticle X are now changed. Even if thé¢is the lightest among =2 case astroph_ysical and cosmological constrailnts are too
supersymmetric partners of the SM particles, e.g., the phostrong tha@ théMl g is pushed up to about 100 TeV, disfavored
tino, a new decay mode &f— y G is opened and dominant. 25 & solution of the gauge hierarchy problgt@]. And the

As shall be discussed later, this decay rate is large enough fﬁSSM superparticles are assumed to be confined on our

the photino to decay within a detector. Therefore, the proces&/ane- A new feature is another KK tower of the gravitino.
to- 78 vields a tvpical sianature of a sinale photon atThe compactification of the gravitino field in supergravity
ee —yby ypP 9 gie p heory leads to the four-dimensional effective action which is
large transverse momentum. And the summation over al

possible extra-dimensional momenta yields a sizable produq sum of KK states of massive spin 3/2 gravitinis]. The
ree part of the effective Lagrangian gives the propagator of
tion rate characterized by thelg scale. This process has P grangian g propag

kinematic advantages over the selectron pair production i€ N-the KKhmode of the gravitino with momentuand
case the selectron is too heavy to be pair produced. massm, such as

Of great significance is to signal not only the extra dimen-

N
sions, but also the supersymmetric extra dimensions, i.e., KK 1P (1)
gravitinos. Unfortunately, single photon events with missing k2—mr2;'

energy in this scenario have two more sources, the SM pro-

cess ofe*e”—yvv and the KK graviton production of HereP“
e"e —yG. With an appropriate cut to reduce t@epole
contributions of the SM, the KK graviton production can be
compatible with the SM background at the futeee™ col-
lider. However the KK gravitino production rate is smaller
than the KK graviton case by an order of magnitude. This is K K
due to the kinematic suppression by the production of the = (k+ mn)(”_z”_ o
massive photino while the dependence oflthgandé is the
same for both the KK graviton and gravitino production. u
Total cross section alone cannot tell whether the bulk pos- |yt —)(k—m )
sesses supersymmetry or not. We shall show that the observ- 3 My "
ableAo gr=0(e ex)—o(ere’) completely eliminates the . .
KK graviton effects, but retains most of the KK gravitino wherey*P, =0 andk*P} =0.
effects. This is because in a supersymmetric model the sign The effective interaction Lagrangian for the KK gravitino
of the coupling of a left-handed electron with a photiand  is obtained from the general Noether technique, irrespective
a selectrohis opposite to that of a right-handed electi@n to the detailed supersymmetry breaking mechanism. The
left-handed antielectronThe coupling with gravitino, which ~ coupling of each KK mode of graviton and gravitino is de-
is gravitational, does not depend on the fermion chirality.termined by the Planck constant
Therefore, the scattering amplitudes of thend u-channel L
diagrams, where both couplings are involved, have opposite 1 _
sign fore, ander beams. As the- and u-channel ampli- Mpr= K= 8T Cewor™ S~ 18 Gay'
tudes are added to tleechannel one, mediated by a photon,
the total scattering amplitudes are different for the left- andMinimally coupled to gravity, the interactions of a KK grav-
right-handed electron beam. For the KK graviton productionitino with a fermion and photon field to leading order in
accompanied by a single photon, all the involved interactiongare[16]
are chirality blind so that the correspondidgr g vanishes.

Our paper is organized as follows. In Sec. Il, we review K = . =, N
the four-dimensional effective Lagrangian in a supersymmet-£fc= — E[Gﬂ Yo, + Gy Y rd, drtH.CY,
ric ADD scenario, and analytic expressions for photino decay )
rate into a photon and KK gravitinos and for the process

e"e”—5G are to be given. Section Ill is devoted to the K=
phenomenological discussions of this scenario, including to£56= = 7 ¥ ¥“[¥", ¥71G . d,A,+ GM[Y” Y1V Yd,As

was; Gl (kN)Gh(KN)

n

14 kV
vt m_) ' (2)

n

©)

tal cross section, kinematic distributions, a specific observ- (5)
able by using the polarization of electron beam, and so on. In
Sec. IV we give our conclusions. For later discussion, we present the interaction Lagrangian

for the electron-selectron photino

Il. EFFECTIVE GRAVITINO LAGRANGIAN

Liro=— 26 Q[ yrtL b + UL vrdL — Y brdE — Urv drl-
In this paper, we assume that there ararge and super- fy LyRILOT I YRPL™ M RSR “bR”d’F(%)

symmetric extra dimensions, and a single supersymmetry is
softly broken on our brane such that our low-energy effective Since each KK mode of gravitons and gravitinos escapes
theory yields the MSSM spectra. The cases of more thaa detector, experimentally applicable are inclusive rates with
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all the kinematically allowed KK modes summed up. Due to €. ¥ AR
the very small mass splitting among KK modes, the summa- ¥ . . !
tion can be approximated by a continuous integration over em; eL(R);
the KK mode massn such ag4] N . !
CreLs G ———— G566
2 M % lm,;_ 1 s-channel t-channel u-channel
= — | d M2+ Ss-1, @) FIG. 1. Feynman diagrams for the procese™ — yG.

whereS;_; is the volume of the unit sphere idimensions, Where f;=64S;_,/{(5°~4)(6+4)(5+6)} of order one.
implying the tremendous number of accessible KK modesHere one should note that th&, does not depend on the

compensates the gravitational coupling. In effect, the PlancR*act value ofA sysy which determines the zero mode mass
scale is lowered to thdl of TeV scale. of the KK gravitino, as long as the supersymmetry breaking

ensures a superlight gravitino.

In general, the decay ratg,; is quite large forMg of
order TeV even with the suppression d¥i{/Mg)° 2. For

It has been known that the presence of a light gravitinovarious numbers of extra dimensions, the magnitude of the
alters the decay modes of supersymmetric particles as thaclusive photino decay rate is

gravitino becomes the LSP; the decay modé&ef XG be-

A. Decay rate of a photino

comes dominart16,17. Even though the coupling strength Mz | 2731 Tev)| o2
of the gravitino is Planck suppressed, the wave function of a Tior= 100 Ge Mg
light gravitino with massms;,, momentumk* and helicity
+1/2 is an ordinary spin 1/2 wave function multiplied by the 50.8 keV for 6=3,
!argﬁ factor\/2/3k“é_m3_,2 [16]. The gravitino EaST(gﬁlngesg) 2.62 keV for 5=4,
in the gauge mediation supersymmetry brea « _ 12
where the supersymmetry breaking scale is generically low, 0.16 kev for 5=5, (12
is 0.01 keV for 6=6
AéUSY ASUSY . . .
ms/zz\/——zz- 100 Tev V- (8)  Then, the average distance traveled by a photino with energy
3Mp; E in the laboratory frame is
Thus theMp, term in themy, can_ce_ls the gravitational cou- 100 GeVl ™3/ M 542
pling Mp,, so that the characteristic scale of the decay rate L=(E2/M3—1)1’2 ( S )
becomes the supersymmetry breaking séalgsy. The pho- Y M>, 1 Tev
tino decay rate is known to Ha7]
4.0x10°1° cm for 6=3,
~ 1 M 1 M2 7.7x10°° cm for &=4,
I'(y—yG)= o— == : 9 X -7 _ (13
481 MZmZ, 167 A% o, 1.3x10"" cm for 6=5,
1.8x10°% cm for &=6.

where M7, is the photino mass. Fok gysy= 10° TeV with

M7~100 GeV, the photino decays within a Collider Detec- . o )

tor at Fermilab(CDF) type detector. Thus the photino decays within a detector, leaving a detect-
In a supersymmetric ADD scenario, a photino can decayble photon signal. In the following, we investigateeaie ™

into a photon and a KK mode of a gravitino, if kinematically collisions the production of a KK gravitino and a photino,

allowed. The decay rate for thith KK gravitino is which generates single photon events with missing energy.

. K2M2 m2 8 m2 B. Cross section ofe*e™—yG
F(y—yGN=re —7| 1- —5| | 1+3—5]. For th
48 m?2 |\/|~7 M; or the process

(10 e (D1 h)+et (Poh— k) + B (ky), (1)

The inclusive decay rate of a photino is obtained by the sum
in Eq. (7): there are three Feynman diagrams mediated by the selectron
and photon as depicted in Fig. 1. The Mandelstam variables
ot ME M) o2 are defined bys=(p;+p,)? t=(p1—ki)? andu=(p,
Fo=> T(y— 7,(;n)z_fs _Z(_7> ' (12) —k,)2. Then the helicity amplitudes apart fromke factor,
n 16m Mg\ Ms defined byM(\o,\o)=ikeire, are

n
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ST =0u(pr) YA Uo(p1) B (k)| + grams, which include one-e-y and onee-e-G coupling,
T=0e(P2) Y PFUL(P1) G (k)| £

? have opposite sign for the left- and right-handed electron
= beam. In thes-channel diagram, the electron is coupled with
1 the ordinary QED photon. Since two kinds of amplitudes
X(P1=K1) Y, Pz F—=5(P1—k2)",.P- (one changes the sign under the helicity flip of the elegtron
—Mg_ beam, whereas the other does)reoe added, we end up with
chirality-sensitive total cross section. Note that without the
s-channel diagram, the sign change in the amplitudes alone
v3(Ka), (15 cannot yield any observable effect, as clearly shown in Eq.
(Al). Itis to be emphasized that this feature is generic in any
supersymmetric model which ensures a light gravitino. In the

1
~ aslkitke vy

WherePi_=(1t_75)/2 a”dme,_(ﬂz_meL(R)- ordinary MSSM, this point is hard to probe. For example, in
The differential cross section is then the photino pair production, double verticeseeé-y in thet-
) andu-channel Feynman diagrams eliminate the difference.
do (ete =3 8) It is known that the availability of polarized electron and
dx;d cosé; Y positron beams is highly expected at future linear collider
) o1 [18]: The current LC performance goal is above 80% of elec-
a Js\ 921 M7 tron polarization and 60% of positron polarization. We pro-
= 525571 M< s 1 Y —Xy pose, therefore, that the effects of KK gravitinos can be most
s sensitively measured by
X N5 fa(x;, coso), (16)
where X;EZE;/\/E and ;E)\(l,ng/s,lJr ng/s—x; . Ao g=0(e e — vEr) —o(ege, — vE7). (19
Here(a,b,c)=a%+b?+c?—2ab—2bc—2ac and
| M7 ]2+ | M2 For the graviton production with a photon, all the involved
fa(x;,co80)=——F—. (170 couplings are completely blind to the helicity of the electron

beam; theA o g vanishes. Moreover, in the SM, the main

The range ofx;, is [2M;/\/§,1+ ng/s]. The amplitudes contribution from theZ pole to theA o is proportional to

ized i It +9a)%=(9v—0a)’1=49y0s,  where gy=-1/2
squared are summarized in the Appendix. It is to be com[(gV . FA >
pared to the KK graviton production process +2 iy and ga=—1/2 [19]. The smallness oy sup-
presses the SM-pole background also.

d?o . G
dxydcosa(e e —76)
I1l. NUMERICAL RESULTS
5+2
o Vs (812-1) . - .
= 3—285,1 Ma g(l—xy) fa(x,,cos6), (18 The cross section of the proces§e™ — y G obviously
S

depends sensitively on the mass spectrum of the involved
wherexVEZEyl\/E and forf we refer to Ref[4]. supersymmetric partl.cles, a photm_o, a_nd the left— and right-
Equations(16) and (18) show that both the differential handed selectron. Since the contribution of rth to the
cross sections have the saie dependence. The gravitino total cross section is very small, two mass scalds, @nd
production accompanied by a massive photino is at a kinefy, ) effectively determine the production rate. One can ob-

m.atically disadvantage, relative to the graviton productiontain the mass spectrum of superparticles by specifying a con-
with a massless photon. The measurement of total cross S€lrate supersymmetry breaking model, such as the GMSB
tion alone is not enough to probe supersymmetric bulk ef- !

. coa P model which guarantees a light gravitino. Instead we rather
Leecet:(;j.eiome kinematic distributions and other observables ale nsider the experimental mass bounds when the decay

We notice that there is one crucial characteristic for thdN0de 0fX—XG is open: At the LEP the negative results of
gravitino production accompanied by a photino. As explicitly the ¥+ event search frone”e”—Gxj(xi— yG) lead to
shown in Eq(6), the coupling sign of a left-handed electron M3=82.5 GeV, and those of theyyE; from e'e”
with a photino and a selectron is opposite to that of a right-—%9(x%— yG) to M>=86.5 GeV [13]. Similarly, the
handed electron: The holomorphy of the super potential recERN e*e™ collider (LEP) bound with a light gravitino is
quires_that a fer_mion should belong tF(Iaft—handed c.hiral M.=77 GeV. In the following numerical analysis, we adopt
superfield; the right-handed electron is to be described by fhe lower mass bounds of a photino and a left-handed selec-

left-handed antielectron, which possesses positive charge. _ ~ ~
The interaction with a gravitino, which is gravitational, does?ron asM3= 9_0 GeV andﬁeLBBO GeV. ThemeR 'S_ set t‘? be
not distinguish the chirality of the involved fermion. There- 200 GeV, which affects little the total cross section. Figure 2

fore, the scattering amplitudes of titeand u-channel dia- presents the total cross section as a functioquandﬁ1eL
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1000 1000
(2) (b)
800 800
FIG. 2. At \/§: 500 GeV withMg=1 TeV,
> 600 o1 E 600 the total cross section @ e”—7G as a func-
9_} = 0.1fb tion of M7, andm, . (a) is for 6=3, with the
£ 400 € 400 contours from the left denoting,,,= 100, 50, 10,
5, 1, 0.5, 0.1 fb.(b) is for 6=6 with oy
2000 orp) 20 =1,0.5, 0.1 fb.
100 200 300 400 500 100 200 300 400 500
M; (GeV) M; (GeV)
for 5=3 (a) and 5=6 (b). We set\/s=500 GeV andMg s—M2
=1 TeV with the kinematic cut ofcoss;|<0.95. For the 20 GeV<E,:)< 2\/—?_20 GeV andcosd,;)|<0.95.
case of M3;=90 GeV andﬁ1eL=80 GeV where the total (20)

cross section reaches its maximurp,=321.4 fb for 6=3

ando,;= 8.8 fb for §=6. With the design luminosity of 500

(100) fo Y/yr of the DESY TeV Energy Superconducting Since theosy with the above cuts are mainly through the
linear AcceleratorTESLA) [Japan Linear Collide(JLC)  andu-channel diagrams mediated by ¥gboson, thergy is

and Next Linear CollidefNLC)][14,15], even thes=6 case much smaller than theg,,. For the KK graviton production,
with M5=300 GeV can produce substantial events. Beinghe blindness of the interactions of the graviton and the pho-

. = ton to the fermion chirality guarantees the equalityrof( G)
conservative, we present the parameter spac Mnet) ando*(G). For the KK gravitino production, there are sev-

for oo>0.1fb. It can been seen that in tee decoupling eral interesting points. First its cross section is only a few
range withmeLz 500 GeV, thes-channel diagram alone can tens of percents of that for the KK graviton production. This

produce sizable cross section. As expected from the present&due to the kinematic suppression by the massive photino.
of light KK gravitinos, this single photino production mode Second, the behavior of the cross section with respegfsto
can probe the photino mass much higher tha2, the ki- 1S the same as the KK graviton case, which increases due to
nematic maximum for the photino pair production: Fér the use of.four—d|menS|opaIﬁect|v<_aLagr§1ng|an. Finally the
=3, the photino withM~=<460 GeV can be sufficiently pro- opposite sign of the photino coupling with the Ieft; and right-
duced; for§=6, that withM3=<260 GeV. In the following, handed electron leads to the domination of ¢h&(G) over

we setM;=90 GeV ananeLzso GeV. the s (G). In Fig. 4, we present the ratio dfo| z(y G) to

In Fig. 3, we compare the polarized cross sections of thé 9Lr(SM). As discussed before, theo g vanishes for the
single photon production a e~ collisions, with the neu- KK graviton production. Therefqre, any deviation of the
ino pair in the SM g7 e — 1;) denoted bvot.. with Ao g from the SM background hints the presencesoper-

b . . s Yvv) Yosu. symmetricextra dimensions. And this deviation increases
the KK gravitons €"e~ — yG) by o= (G), and with the KK with the beam energy
gravitinos €"e” —yG) by o~ (G). Here superscript- de- Figure 5 presents the differential cross section of the KK
notes the Ch.|ra.||.ty Of the eleCtron beam To el|m|nate the Slvbravitino production W|th respect to the photino energy frac_
Z-pole contribution as much as possible, we employ the folyjgp x;(EZE;/\/E) for various . In the <4 case, a rapid

lowing kinematic cuts: increase occurs as the, reaches its maximum; energetic
photinos are more likely produced. This behavior can be un-

10
1.4
103 ¢
=) 2 1.2
| 107 5510
> 10 0.8
s
1 15‘50.6
0.1 2 0.4
200 400 600 800 1000 <
Vs (GeV) 0.2
0
. . _ —. 200 400 600 800 1000
FIG. 3. The polarized cross sections for thiee”— yvv in the V5 (GeV)

SM denoted byrgy, ete™— yG*< by ¢(G), andete”—75G by
o(G) when §=3. The SMyZ— yvv background is reduced by a FIG. 4. The ratio of the\o, z(eTe™—7G) to the Ao x(SM)
kinematic cut. as a function ofys.
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0.8 TABLE I. The Mg bound in GeV from ther,,; with the kine-
0.7 matic cuts in Eq.(20) at y/s=183 GeV and the luminosity of

5 0.6 55.3 pb ! at 95% C.L.

£2o0.5

£0.4 5=3 5=4 8=5 6=6

3 0.3

~ KK

go.2 G 764.5 621.5 525.6 457.5
0.1 GKK 4+ GKK 782.4 625.2 526.5 457.6

0.4 0.5 0.6 0.7 0.8 0.9 1
Ty supersymmetry. However if the ultimate theory is string
theory, we live in higher dimensional spacetime which has
supersymmetry as a fundamental symmetry and branes tend
X=(=2E= /\5). to break supersymmetry. An i_nteresting scen_ario is that there
Y Y are large and supersymmetric extra dimensions and at least

derstood from Eqs(16), (17), and(A1). Near the maximum one supersymmetry survives on our brane below the scale
of x5, light KK gravitinos are produced, where the differen- Ms so that the low-energy effective theory on our brane re-

. : sembles the MSSM.
tal cross section behaves as The gravity supermultiplet resides in the bulk, which in-

d 2\ 52—1 cludes the graviton and its super-partner, the gravitino. On
: o . (m) : :
lim —o lim ————, (21)  our brane, we have Kaluza-Klein towers of the graviton and
dx; m? gravitino. If supersymmetry is not broken, KK modes of the
graviton would have the same mass spectrum as those of the

which them? in the denominator comes from the amplitude gravitino; the zero mode of gravitino remains massless. As
squared in Eq(A1). The different behavior of thé<4 case the supersymmetry is broken by an expectation value of or-
is explained. The measurement of this differential cross seaer Ag,sy, €ach gravitino KK mode acquires additional
tion can tell whether the number of extra dimensions is 3 omass of A3 ,g/Mp. Under the assumption of low-energy
more. In thes=3 case, the scattering angle of the photinoA g5y, this mass shift is sub-eV scale. In practice, KK grav-
can be well approximated by that of the photon decayedtinos exist with almost continuous mass spectrum from zero.
from the energetic photino. Figure 6 exhibits the angular In this scenario, we have studied the KK gravitino pro-
distribution shapes for thes=3 case, by plotting duction ate*e™ collisions. With R-parity conservation, the
(1/o)do/dz, with z,=cos6,. The normalization by the to- KK gravitino is produced with a supersymmetric particle,
tal cross section reveals the generic shape of the angularg., the photino. Since light KK gravitinos become the light-
distribution. For the SM and the KK graviton production, the est supersymmetric particle SP), the photino decays into a
shapes are very similar: Most of the photons are produceghoton and a KK gravitingmissing energy It has been
toward the beam line. The KK gravitino production showsghown that the inclusive decay rate gf—yG" is large
different behavior: The angular distribution shape is rathegnoyugh for the photino to decay within a detector. Therefore,
flat. In Tables | and Il, we summarize the sensitivity to the T . : .

. : the procesg™e™ — y G yields a typical signature of a single
Mg at 95% C.L. in two cases, when only the KK gravitons hot ith missing enerav. In the bhenomenoloaical al-
are produced and when the KK gravitinos are also producecP. oton Wi 9 gy- 1 P 9
Table | is for s=183 GeV with the luminosity of lowed parameter space OM@’meL)' we have shown that
55.3 pb %, and Table Il forys=500 GeV with the luminos- the total cross section can be substantial:yAt=500 GeV,
ity of 100 fb™1. We have applied the kinematic cuts in Eq. owr>0.1 fb for M3=460 GeV in the5=3 case and for
(20). With the KK gravitinos, the increased cross sectionM;<260 GeV in thed=6 case. The dependenceﬁ]gL is

. o Y
generally raises _the sensitivity bour_ld on M%: _Unfortu- rather weak; even in the range of, =500 GeV, we have
nately, the resulting change is practically negligible. L

sizable cross section.
Unfortunately, the background processgi® SM reaction
of ete”—yvr and the KK graviton production o e~
Originally, extra dimensional models have been intro-— yG) have much larger cross sections. With g of TeV,
duced to solve the gauge hierarchy problem without resort tthe KK graviton production becomes compatible with the

FIG. 5. The differential cross section of the KK gravitino
production with respect to the photino energy fraction

m2—0 m2-.0

IV. CONCLUSIONS

:g 1. B, 4G /5 = 200 GeV %: S T /s = 500 GeV
I Fo.8 L
= = FIG. 6. (lo)do/dz,, the angular distribu-
< ] 0.6 tions of the cross sections for the SM, the KK
§ 0 § o graviton, and KK gravitino production.

0
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TABLE Il. The sameMg bound in GeV at/s=500 GeV and ported by the Korea Science and Engineering Foundation

the luminosity of 100 fb. (KOSEB and the Deutsche ForschungsgemeinsctiziiG)
through the KOSEF-DFG collaboration project, Project No.
5=3 6=4 6=5 5=6 20015-111-02-2.
e 3250 2505 2037 1719 APPENDIX: THE SQUARED AMPLITUDES
GKK 4 GKK 3398 2559 2061 1732 OF E*E-—75

For the procese™e”—7G", the amplitudes squared in

SM background around§= 500 GeV. However the produc- terms of the Mandelstam variables defined in the text are

tion of a massive photino kinematically suppresses the KK o 2 [ (t+u)(t2+u?d)

gravitino production rate compared to the KK graviton case M= | ———

by an order of magnitude, since tivg dependence is the

same. To single out the effect of KK gravitinos, the total

cross section is not enough. +2mp{my(m2— MZ—s) +4Mss} |, (A1)
We have noticed that the observaller g= o (e, ey) ’

—o(ere") can completely eliminate the KK graviton back-

ground. This is because both the gravitational and QED in-

+2(st+su—
3s mﬁ 2(st+su—2tu)

teractions, which are involved in the KK graviton produc- o 2 (Mg—t)(mﬁ—t)3

tion, do not distinguish the electron beam chirality; | M |?= 5 R 5 P

Ao r(yG) vanishes. For the KK gravitino production ac- 3my (mei—t)

companied by a photino, the electron chirality becomes im- 5 .

portant since the interaction ef —e, —y has opposite sign = 2 (MJ—u)(my—u)

to that ofe; —egr— v, such thato(e_ et)>o(e er). The Yosmy (mi-uw?

ratio of Ao z(SM) to Ao r(¥G) is demonstrated to in-

crease with the beam energy, implying that the observable A 4 1 2 .o

Ao ris unique and robust to probe teepersymmetribulk. 2 ReMg M = iﬁ t—m2 [t(my—1)
We also found that the differential cross section with re- n e=

spect to the photino energy fractior) can tell whether the +m M~{m2(s— 2t) +2t(s+t)

number of extra dimensions is three or more: In the3 R

case, thedo/dx; increases rapidly as; approaches its +2M3y(m§—t)}],

maximum; energetic photinos are more likely produced. And

the angular distribution shapes, e.g., for e 3 case, are L 4 1

presented: For the KK gravitino it is more or less flat, while 2ReMJ M == — ———[u(m;—u)?

for the SM and the KK graviton they rapidly increase toward 3my U= Me_

the beam line. The sensitivity bound of tM at 95% C.L.
does not practically change by taking into account of KK
gravitino effects due to the kinematic suppression of the KK +2M3y(m§— ull,
gravitino production cross section.

+m,M5{mZ(s—2u)+2u(s+u)

2ReM M = M5s
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