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Discriminating graviton exchange effects from other new physics scenarios ie™e™ collisions

P. Osland
Department of Physics, University of Bergen, 4iiten 55, N-5007 Bergen, Norway

A. A. PankoV
Pavel Sukhoi Technical University, Gomel 246746, Belarus

N. Pavef
University of Trieste and INFNSezione di Trieste, 34100 Trieste, Italy
(Received 14 April 2003; published 28 July 2003

We study the possibility of uniquely identifying the effects of graviton exchange from other new physics in
high energye*e™ annihilation into fermion pairs. For this purpose, we use as the basic observable a specific
asymmetry among integrated differential distributions that seems particularly suitable for direct testing for such
gravitational effects in the data analysis.
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[. INTRODUCTION context,R-parity breaking interactions mediated by sneutrino
exchange[6,7]; bilepton boson exchangd$8]; anomalous
All types of new physic§¥NP) scenarios are determined gauge boson couplingéAGC) [9]; virtual Kaluza-Klein
by nonstandard dynamics involving new building blocks and(KK) graviton exchange in the context of gravity propagat-
forces mediated by exchange corresponding to heavy statég in large extra dimensions, exchange of gauge boson KK
with mass scaled much greater thaM,. The unambigu- towers, or string excitations, efd0—15. Of course, this list
ous confirmation of such dynamics would require the experiis not exhaustive, because other kinds of contact interaction
mental discovery of the envisaged new heavy objects and th@ay well exist.
measurement of their coupling constants to ordinary quarks In this note, we briefly discuss the deviations induced by
and leptons. While there is substantial belief that the supercontact interactions in the electron-positron annihilation into
symmetric partners of the standard mod8M) particles fermion pairs at the planned Linear Collider energie$17].
should be directly produced, and identified at future protondn particular, we propose a simple observable that can be
proton and electron-positron high energy colliders such agised to unambiguously identify graviton KK tower exchange
the CERN Large Hadron Collidét HC) and the Linear Col- effects in the data, relying on its spin-2 character and “fil-
lider (LC), in other cases the current experimental limits ontering” out contributions of other NP interactions.
the new, heavy particles are so high, of the order of several If deviations from the SM predictions were effectively
(or tens of TeV, that one cannot expect them to be directlymeasured, the identification of the NP source could be at-
produced at the energies foreseen for these machines. In tigmpted by Monte Carlo best fits of the observed effects, and
situation, the new interactions can manifest themselves onlthis would apply also to graviton exchanf@4]. Alterna-
by indirect, virtual, effects represented by deviations of thetively, moments of the differential cross section folded with
measured observables from the SM numerical predictiond.egendre polynomial weights appear to be a promising tech-
The problem, then, is to identify from the data analysis thehique to pin down NP effects in the case of electron-positron
possible new interactions, because different NP scenarios cdfactions induced at the SM level Isychannel exchanges
in principle cause similar measurable deviations, and for thi$18]. Here, we shall consider a suitably defined combination
purpose suitable observables must be defined. of integrated cross sections, the so-called “center-edge”
At “low” energies (compared to the above-mentioned asymmetryAcg, that allows one to disentangle the graviton
large mass scalgthe physical effects of the new interactions exchange in a very simple, and efficient, way. Specifically, in
are conveniently accounted for, in reactions involving theSec. Il we present the required kinematical details and dis-
familiar quarks and leptons, by effectie®ntact-interaction cuss the properties &cg, in Sec. Il we discuss beam po-
(Cl) Lagrangians that provide the expansion of the relevanltarization, in Sec. IV we evaluate the sensitivity of this ob-
transition amplitudes to leading order in the small raf@A servable to the characteristic mass parameter of the graviton
(\/§ being the c.m. energy KK tower exchange, in Sec. V we find the corresponding
Familiar classes of contact interactions are represented Hglentification reaches and discuss an application to sneutrino
composite models of quarks and leptdas?]; exchanges of exchange, differentiating it from KK graviton exchange, and
very heavyZ’ with a few TeV mas$3,4] and of scalar and finally Sec. VI is devoted to some comments and concluding
vector heavy leptoquark§]; in the supersymmetrSUSY) ~ femarks.

Il. THE CENTER-EDGE ASYMMETRY Acg
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TABLE I. Parametrization of thé , ; functions in different modelsd, 3=L,R).

Model Ay
Composite fermion§2] s 1
i —_—
Qe m. Aiﬁ
Extra gauge bosod’ [3,4] 9.°05 " x2/
AGC (f=¢) [9] Tow  2Fos
ALL: S Ty + — |
2sy  Cy
ARR 4’:f‘DB
T = ALR: ARL: 5_2
TeV-scale extra dimensidri4,15 W
+of f)_
(Qle gag/j 3M(2:
ADD model[10,12 AL =Arr=Tc(1—-22), A g=Ar =—fg(1+22)

and, neglecting all fermion masses with respect/sp we  in terms of the difference between the central and edge parts
can write the differential angular distribution for unpolarized of the cross section
e"e” beams in terms of-channely and Z exchanges plus

any contact-interaction terms in the following fofrh9]: - o 1\ldo
Oce= - + —-dz (6)

do 1/do do do do -z -1 )| dz

- LL+ RR+ LR+ RL . (2)

dz 4\ dz dz dz dz )

and the total cross section
Here,z=cos#, with ¢ the angle between the incoming elec-
tron and the outgoing fermion in the c.m. frame, and 1 do
do,z/dcosé (a,8=L,R) are the helicity cross sections o= LlEdz' (7)
given by
do,g and O<z*<1.t

o
az  Ne zg'm'|/\4aﬁ|2(1i2)2, () In Table | A,z are compositeness scalegi is the Z’
propagator defined according tg ; fpw andfpg are related
where the two signg correspond to thel, RRandLR, RL  to fp,, and fpg of Ref. [9] by T=f/m? [fpy and fpg pa-
helicity configurations, respectively, aldc=3(1+as/7)  rametrize new physics effects associated with thé25&nd
represents the number of colors of the final state, includinghypercharge currents, respectivielyl ¢ is the compactifica-
the first-or_der QCD correction. The helicity amplitudes,;  tion scale; fina||y,fG=)\52/(47Tae_m_|\/|ﬁ|) parametrizes the
can be written as strength associated with massive graviton exchangeMijih
SMm o f the cutoff scale in the KK graviton tower sum. Note that,
Map=MoptBap=QeQi+9a9pxz+ Augp, (4) compared with, e.g., the composite fermion case, the KK
5 ) graviton effect is suppressed by thdargep power
where XZ:S/(Sf_ MZer'MZFZZ)%S/(S_ Mz)f represents the (' 5/m,)4, so that a lower reach oMy, can be expected in
Z propagatorg, = (I3~ QrSw)/SwCw andgg=—QsSw/Cw  comparison to the constraints obtainable, at the same c.m.
are the SM left- and right-handed fermion couplings of Zhe energy, onA’s. The effect of the extra dimensional model
with sjy=1-c{,=sindy; and Q. and Q; are the fermion  [14] is s independent, and the sign Af, ; is fixed.
electric charges. Tha ,; functions represent the contact in-  First, let us consider graviton exchange effects. For defi-
teraction contributions coming from TeV-scale physics.  niteness we consider the Arkani-Hamed—Dimopoulos—Dvali
The structure of the differential cross sectit®)—(4) is (ADD) model[10]. From Egs.(2)—(7) and Table | one can

particularly interesting in that it is equally valid for a wide derive the asymmetryAc for the process(1) including
variety of new physics models listed in Table I. Note thatgraviton tower exchange:

only graviton exchange induces a modified angular depen-
dence in the differential cross section via th@ependence of

SM, _INT, NP
A _OcetOce tOce ®
We define the generalized center-edge asymmniegryas CE™ ;SM INT{ NP’
[20]
ACE:E (5) 1The center-edge asymmethyxg for W-pair production and fixed
O_ )

z* =0.5 was introduced ih21].
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where “SM,” “INT,” and “NP” refer to “standard model,”
“interference,” and(pure “new physics” contributions. Ex-
plicitly, we have
SM TG 1 SM\ 2 SM\ 2 SMy 2
UCE:NCT Z[(MLL) +(Mgr)“+ (MR)

4
+(MR?I5[2* (2% +3) - 2],

2
Tl m

2s

INT _
Oce =

1
Ne— 2oz MR+ Mig— MR
- MR"4z* (1-2%3),
2

4
em..2 7 *5 * (1 ok2\_
s f65[4z +5z°(1-2*%)—-2],

with

2
Xem.

2s

T 1

oM=Ne— = 2 LM+ (MRR)*+ (MR)?
8

+(MRD3,

2
e.m.

2s

yes

O'lNTZO, O'NP: NC

,8
Note that, az* =0 and 1,0cg= * o, respectively.
In the case of the SM the center-edge asymméﬁﬁ} can
be obtained from Eq¥8)—(10) taking f;=0:
SM_U_g'\E/I -

1
CE_USM_Ez*(z*ZJrs)—l. (1)

It is interesting to note that in Eq11) the helicity ampli-
tudes in the numerator and denominator cancel and only

ratio of kinematical factors remains in the limit of neglecting
external fermion masses. In additiohgy is independent of

energy and of the flavor of the final-state fermions. It con-

tains only the kinematical variableg*. Figure 1 showsA2Y
as a function ofz*. From Eg.(11) one can determine the
value ofz* whereAZY vanisheqd22]:

z5 = (J2+1)*— (y2-1)*=0.596, (12)
corresponding t@=53.4° (see the solid curve in Fig.)1

Graviton exchange in the ADD model affeésg, induc-
ing a deviation from the SM prediction:

AAce=Ace—AZY. (13

For (s/M2)?<1, it will be o3f which will produce the

PHYSICAL REVIEW D 68, 015007 (2003

1
I SM+ADD, My=1 TeV _
— SM (SM+CI)
o5 7
A=+1,
AcE ) ~
Ot A
;Zt 1
.7\:_1 EO
1 E! 1
04 , 06 0.8 1

FIG. 1. Tree-diagram result foAcg for the processe*e”
—1*17 (I=u,7) as a function ofz* in the SM and in the ADD
model withM=1 TeV and\==*1.

» M+ MER— MR = MR
— G
[(MEM 2+ (ME2+ (MEH 2+ (ME?]
X 3z*(1—2*2). (14

For the lepton pair production process in the ADD model,
the correspondinghcg is shown in Fig. 1 forMy=1 TeV
andA==*1. As one can see from Fig. NAc=0 for z*
=0 and 1. Clearly, in contrast #gy , the AAcg of Eq. (14)
depends on the flavor of the final-state fermfon

To illustrate the effect of graviton exchange on the center-
edge asymmetry, we show in Fig. 2 th& distributions of
the deviationAAcg, taking as examples the values Mfy
indicated in the caption. The deviatidmA.g [including also
the pure NP term in addition to the simple result of Eif)]
is compared to the expected statistical uncertaindésg
gepresented by the vertical bars and given by

1— (A2
SAge= \| ———— (15)

SM
€t Lino

Here, £, is the integrated luminosity, ane} the efficiency

for reconstruction of f pairs. We will assume that the effi-
ciencies of identifying the final-state fermions are rather
high: 100% forl=w, 7, 80% for f=Db, and 60% forf=c.
Figure 2 qualitatively indicates that, for the chosen values of
the c.m. energy/s and £;., the reach oM, will be of the
order of 2.5 TeV.

Now, let us consider the conventional contact-interaction-
like effects parametrized by theindependent ,; summa-
rized in Table I. Application of Eq(5) to compositelike con-
tact interactions is straightforward; the result can be written

largest deviation from the expectations of the SM, since thi s

term is of order (/s/My)*, whereas the pure NP contribu-
tion proportional tofé in Egs. (9) and (10) is of the much
higher order (/s/M)®. Taking into account only SM-NP
interference terms, one derives

SM+CI
sm+cl_ ~ CE
Ace _O_SM+CI’ (16)
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0.02 Ill. POLARIZED BEAMS

Let us now consider the case of longitudinally polarized
beams, withP andP the degrees of polarization of the elec-

001 tron and positron beams, respectively. The polarized differ-
DAce ential cross section can then be written as
0 d D d d
g oL OLR
—_ + JE—
dz [(1 Peﬁ)( dz ' dz )
-0.01
orr  dogp
(1+Peﬁ)( iz + 4z ) (20
_0 02 1 I 1 I 1 I 1 I 1 _ _ _
o 0.2 0.4 - 0.6 0.8 1 whereD=1—PP and Pg4=(P—P)/(1—PP) is the effec-
tive polarization[23]. For example,P.s==*=0.95 andD
FIG. 2. The deviation ofAce [cf. EQ. (13)] from the SM (or ~1.5forP==+0.8 andP=F0.6.
SM+ClI) expectation(at the tree levelas a function oz* for the In addition, in the case of a reduced kinematical region,

processe’e” —I"1" for My=2 (solid), 2.5 (dotted, and 3 TeV jith cuts around the beam pipkg)<zqy (0<zq<1), one
(dash-dotte] A= +1, and+/s=0.5 TeV. The expected statistical can define the generalized center-edge asymmegry as
uncertainties at;,=50 fb™! are shown as error bars. above, with Eqs(6) and (7) replaced by

where
ZCU
OCcg=— f (f f t) _dZ (21)
~Zeut zr
o OIN T2 4[<MLL> +(Mgp)*+(Mg)?
and
2 4 * (5% 2
+(Mro)I5[2* (272+3) - 2] (17 e
o= J’—zcmdzd (22
and
with 0<z* <z.
7mz Allowing for angular cuts, as discussed above, the asym-
oSMTCI= N, [(MLL +(MpR) 2+ (M p)? metry Acg including graviton tower exchange for polarized

2s 4 beams can be expressed as given by(Bg.with
.8
+(Mro)?I3- (19 _
2 SM\ 2
o 2o =Ne—c {(1 Per)[(ME)2+(MER)?]

From Eqgs.(16)—(18), one has +(1+P ﬁ)[(/\/l )2+(M 2]y

1 XFSM(Z* 2o,
AYC=S2 (24243) - 1. (19 “
2

INT SM
This result isidentical to the AZY defined by Eq.(11). In oce (2%, Zc) = Nc s 2fe4 [(1—Pew) (M= MER)

other words,Ace has the form(19) in the SM and will re-

) ! : Do s s
main so even if contact-interaction-like effects are present. +(1+ Per) (Mpg— MR TFNT (2, 2,
Thus, conventional contact-interaction effects, being de-

scribed by current-current interactions, yield the same center- 2

edge asymmetry as the standard model. The reason is Slmplé(N (2% ,2ey) =N
that both these interactions are described by vector currents, CE c ¢
as opposed to the tensor couplings of gravity. The deviation

of Ace from the SM(and SM+CI) prediction is clearly a Here, the dependences on the parameteand on the angu-
signal of the spin-2 particle exchange. Thus, it is clear that dar cutz are given by

nonzero value ofAAcg can provide a clean signature for

graviton or more generally spin-2 exchange in the process
ete” —ff.

ey
;m'féDFNP(z*,zcut). (23)

2
FSM(z* Ze) = §[2z* (2°2+3) = zo ( 22+ 3)],

015007-4
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INT [ 5% _ * (1 _ ok 2\ _ 2 8 .
P 2o =2[227 (1= 279~ Zau 1= Za) ], Unpolarized beams
2 s b...
FNP(Z* , zo) = g[82*5+ 10z* (1—2z*2)—4z2, 6 T 7
, S | T ]
=5z, (1-2z5)]. (24) :
— C —
The total cross sections in the denominator of @g.can be ST e
derived from Egs(23) and(24): S N
Al S " "_
O'SM( Zow) = O'(S_",’\EA( Z* =27y, O'INT(Zcut) = Ug\g(Z* =Zew), K .
NP(Zeu) = ORR(Z* = Z,,). 25 AN
7 Zow) = 002" = Zeud @9 % 02 04 ., 06 03 1
z

From Egs.(5), (17), (18), and(20)—(24) some immediate
conclusions can be drawn. First, it is clear that in the case of FIG. 3. Statistical significancé for unpolarized beamsyl
longitudinally polarized beams and the chosen cut around the 2 TeV, £;;=50 fo~!, A=1, andJs=500 GeV. Different fer-
beam pipe|z|<z.,, the asymmetnA.g within the SM and  mionic final states are considered? . ~, cc, andbb. Here, no cut
in any new physics scenario witlf exchanges, and also in is imposedz.,=1.
the four-fermion contact-interaction scenario, is given by

7" (z*%+3) where AAcg is defined by Eq(13). Here, dAcg is the ex-
m_ (26) pected statistic_al_unce_rtai_n_ty defined by EqS). Figure 3
shows the statistical significancgas a function ofz* for

unpolarized beams for the proceds at My=2 TeV, L
=50 fb !, A=1, ands=500 GeV. In the following, we
shall putA=1; our numerical results will turn out not to
depend appreciably on the choice of the sign.

From Egs.(27), (14), (15), and (11) one can derive the
statistical significance for unpolarized initial beams, limited
to the interference contributiofand forz.,=1):

SM__ ASM+CI_
ACE_ ACE =2

Secondly, the center-edge asymmé#§) is identical to that
for unpolarized beampsee Eqs(11) and (19)] for z.,=1.
Third, the asymmetry26) is independent of the energys,
the flavor of the final-state fermiofy and the SM and NP
parameters. Moreover, there is a valgfe for which AZY
vanishes. One obtainszi=a—a!, where a=[(p
+p?+4)121*® and p= (3z¢+ 23,)/2. These zeros oASH
are important, since the graviton exchange will there give the
only contribution. Finally,c'N"(z.,)=0 atz,,=1, and in

this limit for the angular cut the contribution to the total . _ . [(ME= MER) + (MER— MRV
; ; i = Teoo '
polarized cross segtlop from the grawtg)n4 exchange term VLM 2 (M2 1 (M 2+ (M2
would be of orderfg, i.e., of order 6/My)”, and hence (28)
negligible.
IV. SENSITIVITY \/37Ta(29.m NeerLin 7 (1—2%)
In order to get some feeling for the sensitivities of the ~° S (z*2+3)(2* °+ 72" +4)
processeete”—u ", bb, andcc to graviton exchange "
effects, let us consider the statistical significance defined as X2(1+77). (29
S= |AACH 27) The extension of Eq28) for polarized beams is straightfor-
SAce ’ ward:
(1= Pei) (M= MER) + (1+ Pei) (Mar— Mat
Sf:fGSO\/B | eff LL LR eff RR RL | (30)

V(=P (MM 2+ (MEM)2]+ (1+ Pe) [(Mpm) 2+ (M 2]

015007-5
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Note that the maximum ofS occurs atz’r;axwllﬁ Se(Pe=0):So(Pe=1):Se(Pesi=—1)
=0.577 (9~54.7°), which is very close tai where AZY
=0.2 The dependence af in the vicinity of z%,, is quite \/\ \/7 1:1.6:1.3, (36)

smooth, as implied by the behavior dfAcg and 6Acg
shown in Fig. 2. In other words, variation of aroundz},,, . _
changes the sensitivity very little. Therefore, no stringent re- Sp(Peii=0):Sp(Peii=1): Sp(Pei= —1)

quirements on angular resolution are needed. 5 [22
The statistical significance is expressed in terms of the =1: \ﬁ; \/:zl;z_l;l_l_ (37)
SMamplitudes M ;)= QcQi 1+ (g594/QeQn) xz]. The > Y

factor Q.Q; is here extracted since it cancels in the ratios of — . .
Egs. (28) and (30). Note that thebb channel becomes more sensitive to graviton

exchange effects for both unpolarized and polarized beams
and would carry large statistical weight in the analysis. The
idvantage of polarization is lessened by the fact that the
ignal behaves as/6/M)* compared to, e.g., the case of

four-fermion contact interactions. This high power reduces
the considerable gain in sensitivity to a less dramatic 20%
2 _ 2 o gain in reach oM for the bb case[see Eq.(37)].

Sw=0.25, Mz<s<Mj. S The sign of the SM-NP interference term in thg

With these approximations, the relations between the SMSymmetry for the process e —cc is opposite to those of

In order to clarify the dominant role afg-pair production
over u* u~ production in searching for graviton exchange
effects, as shown in Fig. 3, and also to reveal the role o
polarization in this analysis, it is instructive to estimate the
SM amplitudes in the limit where

couplings can be written as e"e"—utu ande"e —bb. This sign correlation might
yield additional information to identify graviton exchange
of_lof 1ol 1 g g gk 1 R
Qe 2Q 5Q 3" Q Qe Q \/5(32) V. IDENTIFICATION REACH

To assess a realistic reach on the mass ddaleve can
and the SM amplitudes are related as€1) consider ay? function made of the deviation of the asymme-
try Ace from its SM value. For a fixed integrated luminosity
eu en eu eu this can be done using the statistical errors as well as the
ML= ZMer= MR=MrL=QeQ, 3 systematic errors. We find that, to a very large extent, the
systematic errors associated with the uncertainties expected
on the luminosity measurements cancel out, and the same is
1 1 1 1 ; : ;
M= S MEE= M= ME =Q.Qc 5, true for the systematic errors induced by the uncertainty on
2 3 beam polarizations. Accordingly, the errors &g are
largely dominated by statistics. In this estimation we assume

the valueséLiy/Liy= 6P/IP=6P/P=0.5%. We take the
beam polarization to be 80% and 60% for electrons and pos-
itrons, respectively, and employ a 10° angular cut around the
For unpolarizece™e™ beams, we have beam pipe, i.e.z;,=0.98. Since most of the error is statis-
tical in origin, we expect the bound oW, to scale as

\/ﬁ \/T35 ~(Liys®)Y8. The dependence of the reach bh, on zg,

S, 18 :8p=1: 502—3: sbﬁ~1:1.9:3.1. (34  wvarying in a reasonat_)le range close to 1_|s, for_the chosen
values of energy, luminosity, and polarization, quite smooth.
For example, in the rangg,,=0.96—1, the bound ol is
found to vary by only a few percent.

In the present analysis we also take into account the ra-
diative corrections. Among the complef¥ o) corrections to
'the processl), the numerically largest QED corrections are
the effects of initial-state radiation, which in general are of
major importance for new physics searches. The initial-state
Su(Per=0):8,(Pe=1):8,(Peg= —1) = 1:\2:1/2 corrections have been calculated in the flux function ap-

—1:14:1.4 (35) proach(see, e.g., Ref[4]). The structure of the corrected
Ty differential cross section in terms af ,,=cosé (where 6

now refers to the final-statef c.m. frame is [24]

1 1 2
M= Mer= MiR=— MR/=QeQu 3. (33

Comparison of the ratio§34) obtained in the adopted ap-
proximation(31) with those presented in Fig. 3 and derived
from the full expression of Eq27) shows that this approxi-
mation is quite reasonable. With fully polarized beams
e/ er (Pe=1) andege, (Pes=—1), we find

2Strictly, 13 would be the value of* for which AAcg in Eq.
(14) is maximal. This represents to a very good approximation the
locationz},, of the maximum of the statistical significan¢27). dzZem.

0<(1+Z<2:_m)a's+ 220y (39

015007-6
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6

§ 20

My [TeV]

M, [TeV]

i E = 500 GeV

.....
<.

] ‘ \ . | . \ . | .
200 400 600 800 1000 200 400 600 800 1000
Ly [fb™"] L [£671
int

FIG. 4. 50 reach on the mass scalé, vs integrated luminosity from the procesée’ﬂff_, with f summed ovey, r,b,c, and for a
range of energies from 0.5 to 5 TeV. Solid: unpolarized; dashed: electrons poldizéd8; dash-dotted: both beams polariz€d; 0.8,

P=-0.6.

The symmetric and antisymmetric parts of the cross section (AAfCE)z
are given by convolutions of the nonradiative cross section X*= 7 2
with the flux functionsHz(v), with v the energy of the f=rneb (Ace)
emitted photon in units of the beam energy. Because of the

radiative retum to the resonance fo/s>My, the energy keepingz* =z fixed (recall from Fig. 3 that the sensitivities

spectrum of the radiated photons is peaked arounqior the various final states are rather smooth in an interval

~1_N2 . .
Eﬁ/E.bea“fl IMZ/S' tln qtr:ir tg Iucrtease r? pl?jszlble new groundzgzz;m{). This leads to the & identification reach
physics sighal, events with hard pnotons shnould be TeMOveRs 5 fynction of integrated luminosity with energys

_ _ 2
by a cut on the photon energ =E, /Epeani<1—M2/s, =0.5, 1, 3, and 5 TeV shown in Fig. 4. The chosen range of

with A=0.9. We also take into account electroweak correc—energy corresponds to the DESY TeV Energy Superconduct-

tions'gothe propagators and verticesgmounting essentiallyl‘lﬂg| Linear Accelerator(TESLA), Next Linear Collider
effective (momentum-dependentoupling constantsgeffec- (NLC) [16], and CLIC [17]. Specifically, for Js

tive Born approximation[25] with Mg,=175 GeV ar]d =0.5-1 TeV and 3-5 TeV machines with integrated lumi-
Myjiggs= 300 GeV). Concerning the other QED Corr(':'Ct'ons’nosity 1 ab!, the identification reach with double beam po-

the final-state ones and the initial-final state interference, . ~." .
they can be checked to be numerically unimportant for thelémzatlon is found to be (7-67 Vs and (4.5-4X s, re-

chosen kinematical cuts, in particular that &nusing exist- spectively. The effects of spin-2 graviton exchange can be
) NP " . n 9 distinguished from the other forms of contact-interaction-like
ing codes, e.g.ZFITTER [26]. In addition, z5 , the zero of

SM - ) . effects considered in Table | fan;<3.5, 6, 13.6, and 20
AZe ., is shifted by these corrections by a small amount fromTeV at\s=05, 1, 3, and 5 TeV, respectively.
the e_ffec_tlve BO”.” approximation v_alue. The box-diagram It turns out that under the assumption of no observation of
contributions, which introduce a difierent angular deloen'AACEwithin the expected experimental uncertainty, in which
den(_:e, are found to be very small. . . case only bounds of; can be derived, the 95% C.L. lower
Since the form of the corrected cross section &) is limits on My would be represented by the values shown in

(40)

the samg as thagsc,\’ﬂf Ef?Z)’ I folloyvsbtha(; tfhe (;aglatlvely Fig. 4 essentially multiplied by a factor of the order of 1.3.
corrected zero OAcg, zp , can again be defined by Finally, we consider a scenario that would most closely
mimic massive graviton exchange, namely, the exchange of a
. . L scalar field in thes andt channels, limiting ourselves to the
fzo _ f*zo +f (1+2%)dz=0, (39) production of lepton pai_rs. To bg specific, we can concentrate
-7 -1 z on the example oR-parity breaking SUSY interactions me-
diated by sneutrino exchandé,7]. First, we consider the
t-channelr contribution toe*e™— "~ or 77 7. In this
and one finds the same value fiff as given by Eq(12). case the helicity cross sections are given by @ywith an
Moreover, in both the SM and SMCI cases the radiatively additional contribution to the helicity amplitudes caused/by
corrected asymmetrfice is still determined by Eq(19). exchange:
Summing overw " 1 ”, 7777, bb, andcc final stategthe
top quark is excluded as its mass effects would alter the
angular distributior(38)] one can perform a conventiongf t
analysis:

1
ALL:ARRZOY ALR:ARLZEC;P;’ (41)
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where P£V=s/(t—m§) and t=-s(1-2z)/2, C; approximation. Accordinglyrcg  ris unaltered by sneutrino
=N%/4m g, With \ in this case the Yukawa couplifg]. ~ exchange in the leptonic processese” —u'u” and

It is clear that in the contact-interaction limit, i.¢tj<m?, e“e”—777, i.e,, Aotg g=0, whereas it is modified by
graviton exchange}agE,LR;ﬁ 0. The choice off as integra-
gan limits in Eq.(42) assures that the contribution of the SM
as well as that of any conventional contact interaction van-

these two new physics effects, graviton exchange aeo-

change, are easily separable by the previous analysis bas
pr: thet' aS)I{mT(j\t/rlyACE.dI/{/twe larke not 'nd;hf c;c;n(;act— ishes, leaving room only for graviton and sneutrino ex-
interaction fimit, Mg an RL PICK Up an additionak de- changes. The role of polarization is that, in the combination

pendence resulting in & dependence oAAce different (45) the sneutrino contributions cancel as explicitly seen in
from the one in Eq(14) determined by graviton exchange. Eq. (43), so that only the signal of the graviton exchange

We find that polarization will also help to distinguish these torm can survive. One can notice that this kind of analysis is
two new physics effects. For this purpose one can define thgjiowed also in the case of only electron beam longitudinal
polarized observable, the absolute center-edge left-righiolarization and an unpolarized positron, namely0 and
asymmetry: P,=0. Also, the quadratic term in the differential cross sec-
tions, proportional to @;Piy)z, cancels in Eq(42), so that
Eq. (43), linear in (C;Pt;}), is the exact representation of the
(dUL dUR) , deviation from the SM.

- Concerningr exchange in thes channel, the polarized

OACELR=OUCE LR

[or (I
-z -1 z;

dz dz
differential cross section(20) picks up an additional,

(42) z-independent, term:
Here,z% is the zero ofAZY [see Eq(39)] anddo /dz and dos o
dor/dz are the differential cross sections defined by Eqg. EOC(1+ PP)(C;P%)Z, (44)

(20) with specific choices of electron and positron beam po-

larizations, for example, F(,5)=(—P'1.,P2) and Py,  with P2=s/(s— m%). Indeed, thes-channel scalar exchange
—P5), respectively, withP; andP, positive. The deviation  giagram does not interfere with the electroweak SM ampli-
from the SM prediction of the differential cross section dif- {,qes mediated by the andZ boson and the resulting effects
ference involved in Eq(42) and caused by exchange is gre of quadratic order,C(;,PEV)z. As is easily seen from Eq.

given by (44), either the electron beam polarization or both electron
dog [doy dog dO_EM dUgM and positron polarizations .a||0\.N one to rem(?ve the Lfneutrlno
A dz \dz " az! \Tdz 4z s-channel exchange contribution to E@2), i.e., Aocg g

=0 in this case also.
o P MEN— ME“L")CZPEZO, (43) Conversely, it is possible to defins an observable “or-
thogonal” to ocg | r Which is sensitive tor exchange in the
becauseMN= M3\ for the procesgl) with f=u,7. No-  channel and independent of the effects of graviton exchange,
tice that this property, easily checked in the tree approximaeontact interactions, and’ exchange. This is the double
tion of the SM, continues to hold also in the effective Bornbeam polarization asymmetry defined[@$

A :U(Pla_P2)+0'(_PliPZ)_U(PlyPZ)_U(_PL_PZ)
W r(Py,—Py) +0(—P1,Py) +0(Py,Py) +a(—Py,—Py)

(49

Here, o are the cross sections integrated ozén the indi-  ate angular limits that can discriminate among deviations
cated polarization configurations. One can see immediatelfrom the SM prediction related either to graviton or to scalar
that for the case of the SM, contact interactiod$, ex-  exchange in the channel.

change,r exchange in thé channel, and graviton exchange
one obtaindAy.une= P1P2, since these exchanges contribute VI. SUMMARY AND OBSERVATIONS

to the same amplitudes, whereasxchange in the channel We conclude with a summary of the main points and

will force th'ss observable to smaller values as\goupie* some observations. We have developed a specific approach
—P1P,(C;P3)?<0. A value of Agoupe Smaller thanP1P,  hased on an integrated observable, the center-edge asymme-
can provide a signature of scalar exchange insisbannel.  try Acg, to search for and identify spin-2 graviton exchange

In conclusion, we have seen that one can define a set afith a uniquely distinct signature. Indeed, the spin-2 gravi-
observables using cross sections integrated within approprien KK exchanges contribute to the asymmetfgg,

015007-8
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whereas no deviation from the SM is induced by other kindgyuishing graviton exchange from competing effects, such as
of new physics such as the compositelike contact interacthose originating from exchange of scalar particles, for
tions, a heavy vector bosafY, or gauge boson KK excita- which appropriate polarization asymmetries can be defined.
tions listed in Table I. Both in the SM and in any new phys-  An approach aiming to isolate graviton-exchange effects
ics scenario described by effective current-currenthas recently been proposed in Ref8], based on the differ-
interactions, the asymmetA¢ is identical for any value of ential cross section convoluted with Legendre polynomials
the parameter*. and integrated over the angular range. Alternatively, our
Particularly convenient is the range pf values around method directly uses the integrated cross sections to con-
the zero ofAcg (z5) for the SM. In this range, the sensitivity struct the center-edge asymmefkye. It has the main ad-
of Acg to the graviton coupling s is maximal and rather Vvantage of a mild dependence A on the kinematical cut,
smooth inz*, so that one can not only discover but unam-0n systematics, and on the number of angular bins, and in
biguously identify this new physics effect. This kind of particular it depends on the total luminosity and not on the
analysis based oAcg can be applied also to the case wherestatistics available in each bin. These features may lead to
a cut is imposed on the full angular range covered by théome improvement in thedb discovery reach on the mass
experiment, and its nice distinctive features continue to holgcaleMy, .
to a very good approximation. Finally, we note that an analysis based on asymmetries
Initial electron and positron beam polarization appears t@nalogous tAce might be useful in the context of hadronic
increase the sensitivity to graviton exchange, but its impacgollisions, in the Drell-Yan process.
on the mass scale paramedy, is not dramatic due to the
large power (/s/M,;)* that parametrizes the graviton cou-
pling. In particular, for are*e™ linear collider with energy
Js=0.5,1,3, and 5 TeV, with integrated luminosity ~A.A.P. is grateful to the University of Bergen and the
1 ab !, double beam polarization, and a 10° angular cut, théJniversity of Trieste, for hospitality. This research has been
5¢ identification reach is found to b <3.5, 6, 13.6, and partially supported by MIURItalian Ministry of University
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