Collider Signals From
Extra Dimensions

Greg Landsberg

A Workshop to Study the Physics and
Detectors of Future ete- Colliders



T‘% Outline

+ Basic Phenomenology

+ Graviton Production and Virtual Graviton Exchange
+ LEP2 Searches

+ Run I Tevatron Searches

+ Run II Tevatron and LHC Sensitivity Studies

+ Projections for NLC

+ Conclusions

Greg Landsberg, Collider Searches for Extra Dimensions



- Theory of Large Extra
Dimensions

+ New idea, inspired by the string theory,

with direct connection to the observables! 4 V] PIZ o M S”+2R”
+ Main goal: to bring the GUT scale to the

EW scale in order to solve the infamous RGE evolution

hierarchy problem A3

+ Replace standard RGE equations by the
new ones that take into account virtual
gravitons from the extra dimensions 04

+ Dimopoulos, Arkani-Hamed, Dvali, 1998 —
found a serious loophole in the current
Newton'’s law tests: no one looked at
gravity below ~1mm scale!

+ Therefore, large spatial extra dimensions

compactified at sub-millimeter scale are, in R
inci | M, M "er M.+~ M
principle, allowed! z s Gut Pl

+ What we think is the Planck scale: M, = G, '/? is just an effect of the "parallax”
due to the modification of the Newton'’s law

+ Mg, is also lower due to the “parallax” of the 3+1-dimensional RGE evolution
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% Alternative EWNSB
Mechanism

+ Since large extra dimensions bring the GUT
and gravity scales right at the EWSB scale,
they solve the hierarchy problem

+ There are multiple mechanisms that allow
gauge fields in the bulk to communicate
symmetry breaking to our brane

+ A new mechanism, “shining” is a powerful
way of introducing a small parameter into
the theory, and explain many yet unsolved
phenomena, such as CP violation, etc.

+ New framework, possibly explaining
neutrino masses, EWSB mechanism, and
other puzzling phenomena

+ A significant theoretical interest to the
subject ensures rapid development of this
field

+ Over 150 theoretical papers on this subject
over the past two years — truly a topic du
jour
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% Compactified Extra
Dimensions

+ Compactified dimensions offer a way to

increase tremendously gravitational Compactified
interaction due to a large number of dimension
available “winding” modes
+ This tower of excitations is known as ¢
Kaluza-Klein modes, and such gravitons _ _
propagating in the compactified extra $(x)= ¢(x+2nkR), k=0,1,2
dimensions are called Kaluza-Klein M(G) = VP,2 = 2rnk/R
gravitons, Gy 1 1
+ For M~ 1 TeV, n=1is already excluded Gy=—F=—3-
from Cavendish-type of experiments Ma MgV,
« For n = 2 minimum allowed scale M is i M2 ) A
> 30-100 TeV from SN1987A neutrino RYocV, = M 2w = Mg e MG™R
flux and distortion of CMB; for n > 3 S 810
cosmological limits are weak - 8x10"m, n=1
+ Since the mass per excitation modeisso j_ 1 (Mg | _ JO.7mm n=2
small (e.g. 400 eV for n = 3, or 0.2 MeV 2J/tM ¢ Mg 3nm, n=3
for n = 4), a very large number of 6x102m n=4

modes can be excited at high energies
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Examples of Compactified
Spatial Dimensions

M.C.Escher, Mobius Strip II (1963)
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+ Kaluza-Klein gravitons couple to the
momentum tensor, and therefore
contribute to most of the SM processes

+ For Feynman rules for Gy, see, e.g.
[Han, Lykken, Zhang, PR D59 (1999) 105006 ]

+ Since it is possible for a graviton to
propagate into the bulk, energy and
momentum are not conserved in the
Ggx emission from the point of view of
our 3+1 space-time

+ Since the spin 2 graviton in generally has
a bulk momentum component, its spin
from the point of view of our brane can
appearas0, 1, or 2

+ Depending on whether the Gy, leaves
our world or remains virtual, the collider
signatures include single photons/Z/jets
with missing E; or fermion/vector boson
pair production
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Extra

Collider Signatures for
Dimensions

Real Graviton Emission
Monojets at hadron colliders

f ga 95(ky) gi(ks)

f Tl gk e

Single VB at hadron or e*e colliders

X

Virtual Graviton Emission
Fermion or VB pairs at hadron or e*e” colliders

fi(ky) fo(a,)  fi(k,) V(a,)

fl(kl) fz(q 1) fl(kl) Vl(ql)

(a) (b)
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= 6 > \/(:;

+ Photon + ME; signature

+ "Recycling” of the GMSB analyses

+ ALEPH (2D-fit), DELPHI, L3 (x)
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Theory:
[Giudice, Rattazzi, Wells,

| Nucl. Phys. B544, 3 (1999)

and corrected version:
hep-ph/9811291]

{1 Experiment:

< ALEPH-CONF-2000-005
DELPHI 2000 CONF 344

1 L3: Phys. Lett. B470, 268

(1999)

f Results:

M > 1.3-0.6 TeV

| for n=2-6 (DELPHI)

ALEPH, L3 — slightly
Worse
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+ ete > 76

Z(jj) + ME; signature

“Recycling” of the invisible

Higgs analyses

ALEPH: Z(jj)G, 184 GeV,

total cross section method

+ L3: Z(jj)G, 189 GeV,
increased sensitivity via

analysis of the visible mass
distribution

+ M. > 0.35-0.12 TeV (ALEPH)
forn = 2-6

+ M. > 0.60-0.21 TeV (L3)
forn = 2-6

|

L
|

L

*_

Events/5GeV

LEP2 Searches for Direct
Graviton Production - |l

M,

rz>ff) 4r3n+2)

rz-ffc) 1 1 (

Mg

n+2
j |

n7 1 by (12x+ AWA ;
L d CA=(1-x-y) -4
) [Lax| " dy ST (1-x-y) —4xy
L3 Theory:

40
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e'e —Z+Missing Energy
® Data
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[Balazs, Dicus, He, Repko,
Yuan, Phys. Rev. Lett. 83,
2112 (1999) — width ratio]

[Cheung, Keung, Phys. Rev.
D60, 112003 (1999) -
mass distribution]

Experiment:
ALEPH-CONF-99-027

L3: Phys. Lett. B470, 281
(1999)



% LEP2 Searches for Virtual
Graviton Effects - ff

+ ete > ff
Recycle QED analyses
Look at angular and energy dependences

= ¥+

*_

A lot of confusion about the sign of the

*_

interference term; published L3 papers are

internally inconsistent

+ ALEPH: uses GRW framework, but uses two signs
of A;. Apart from Bhabha, L3 and ALEPH limits
are related by: My(L3)+- = 0.89A(ALEPH)-+

+ DELPHI, OPAL: use Hewett’s convention
2 7
Hewett _| = GRW
M S ‘k=+l - ( j AT

7T
M Is-|ewett‘
Theory:

[Hewett, Phys. Rev. Lett. 82, 4765 (1999) - DY]

[Giudice, Rattazzi, Wells Nucl. Phys. B544, 3 (1999)
and corrected version, hep-ph/9811291 — DY, Bhabha]

[Rizzo, Phys. Rev. D59, 115010 (1999) - Bhabha]
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_ Rizzo
= Ms

A=%£1 A=£1

L3: e’e~ — ff Drell-Yan production

Bhabha scattering is the most sensitive channel
L3: uses compositeness framework by Hewett
with the G, coupling given by A/M*, with O(1)
constant L = 1 [L3, PL B464, 135 (1999)]

do _(do) _ N.B. This is identical to Hewett’s
dz \dz)y,  notation, but the sign of A is flipped!

Ncosh 5 s(s—M3) 3 2
2 Z+ 2vv.z—aa,(1-32°) | +
N S

(1-32 +42"), N, - number of colors of fermion f

327M

L 3: e*e~ — e*e~ Bhabha scattering

dole'e »e'e)_ (da(e*e —>e'e )) ~
SM

dz dz
2 2 2 2
ol N V2F,(s,t)+ a,;F3(s,t) Ve F,(t,s)+ a;, F(t,s) .\
2sM 2 S—M? t—M?2
22 N.B. This is identical to
1672SM F.(st) Rizzo’s notation; results
S of GRW differ slightly

3 3
F(st)= 9(57+t§] +23(* +12)+ 308t

F,(s,t)=5s"+10s’ +18st® + 9t
F,(s,t)=5s° +155% +12st? +1°

Fu(sit)= 4](54 i+ t4)+ 124st(s2 i+ t2)+ 148s%?
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LEP2 Searches for Virtual
Graviton Effects - ff
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+ €' > vy
+ ALEPH: GRW convention
[ALEPH CONF 2000-005]

GRW Hewett
_ 4/
A7 =437 Mg ‘x:+1

+ DELPHI: GRW convention w/ errors
[DELPHI CONF 324 (1999)]

LEP2 Searches for Virtual
Graviton Effects - VV

Theory:

[Giudice, Rattazzi, Wells, Nucl. Phys. B544, 3 (1999)
and corrected version, hep-ph/9811291]

[Agashe, Deshpande, Phys. Lett. B456, 60 (1999)]
AD convention:

dole’e >vy) = 1-z 48 _(1-2)|
=Tl oF, “A——F,
dz S 2 Mg 2

N

do o’ 1+27°

S

OLSA 2 1 DELPHI 4 Hewett
— = + 1+z2°)+ O — || M =3nM
dQ s 1-7 2|\/|g( ) (ng S ‘x=¢1 S

A=%1

GRW convention:

+ L3: AD convention
[Phys. Lett. B464, 135 (1999)]

L3 Hewett
M ‘ =M ‘
S S A=F1

+ OPAL: based on old GRW w/ wrong direct
term [Phys. Lett. B465, 303 (1999)]

A=%1

Fae _ 2 _ z
dofee —>yy):£ aFl(l Z}fzi Fz(l zj
dz S 2 A7 2

3

6jA8 (1_ 24)

T

dG_OL_21+ZZ+0LS
dQ s 1-7° 4A%

(1+ zz)+

AD convention is equivalent to
Hewett’s with a flipped sign of A

d_G_OL_21+Zz+ as
dQ Sl—ZZ_TEZGj

SS

(1+ 22)+

o,

GRW

AD Hewett
M ‘ =M ‘ =4/2 A
S |h=—1 S A=t1 T

A=t1
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+ €' > vy
+ Recycle anomalous Zyy couplings

(do/dQ)/(do/d) o
5 N

=

0.8

0.6

I

analyses

+ Look at angular dependence of the
diphoton production

ALEPH CONF 2000-005 , o,

189-202 GeV

°
—
— ]

— QED
—————— A+ =0.89 TeV
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T

P IR R R L L
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LEP2 Searches for Virtual
Graviton Effects - VV

N.B. DELPHI and
OPAL results are
likely to have
problems

DELPHI CONF 363 (2000)
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|
L

Events/0.2

LEP2 Searches for Virtual

Graviton Effects - VV

[Agashe, Deshpande, Phys. Lett. B456, 60 (1999)]

S

— hA Hewett

AD convention is
equivalent to Hewett's

‘7»=+1 with a flipped sign of A

ere- > WW/ZZ Theory:
+ Recycle WW cross section and =
anomalous ZZy couplings analyses Mg L_ .
+ L3 used angular distributions (WW)
and mass variables (Z2Z) to set limits
c) e'e ->WW-qqlv L3 s00 L P) e'e >WWoqqaq |3
| ® Data ® Data
[] SM [ ] SM
[ ] Background ‘[ |1 Background
== A=+1 -= A=+1
200 |--- =1 |- =1
MS=0.55TEV o 200 ] MS=0.65TEV
S bl
< 189 GeV 3 ey < 189 GeV
E __+_ 3 A
o Fie s ok
100 | LLI i e T
100 |
PL B470, 281 (1999)
T o5 o0 05 1 05 0 05 1
coSs0,, cosb,,~

Events/2 GeV

M. > 520-650 GeV (WW); M, > 460-470 GeV (ZZ)

10 |

e'e »ZZ-qqll L3
Data

o < 189 GeV

Background
A=+1
=1

| M_=0.65TeV
PL B470, 281 (1999) :f:

Also:

| ZZ — qqqq
ZZ — qqvv

27 > llvvy

%9
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LEP2 Lower 95% CL
s(Hewett) Limits (TeV)

ete- - 7G ete > ZG
Experiment | n=2 |n=3 [n=4 | n=5|n=6 ' n=2 |n=3 |n=4 | n=5 | n=6 || Color coding
ALEPH 1.10 | 086 |0.70 [0.60 [0.52 [0.35 (0.22 |0.17 |0.14 |0.12 <184 GeV
DELPHI |1.25 |0.97 {0.79 | 0.68 | 0.59 <189 GeV
L3 1.02 [0.81 |0.67 |0.58 |0.51 060 [0.38 |0.29 |0.24 |0.21 || <202 GeV
A=-1 A=+1
OPAL =
Virtual Graviton Exchange
Experiment ete” | utu |ttt | gq ff vy | WW |ZZ Combined
ALEPH (A,) |0-80 |0.63 |0.57 | 0.66/0.61 0.82 | 0.91 0.84/1.12 (<189)
1.03 | 0.68 | 0.59 | 0.55/0.55 (bb) | 1.04 | 0.92 Mg > 0.75/1.00
DELPHI 0.59 | 0.56 0.60 | 0.69 0.60/0.76 (ff) (<202)
0.73 | 0.65 0.76 | 0.71 M, for yy is wrong?
L3 (?22?) 0.91 | 0.56 | 0.58 | 0.49 0.84 [ 0.80 | 0.68 | 0.76 | 0.87/1.07 (<189) ???
0.99 | 0.69 | 0.54 | 0.49 1.00 | 0.79 | 0.79 | 0.77 | 0.82/0.89 (WV)
OPAL 0.63 | 0.50 0.61 | 0.63 0.61/0.68 (ff) (<189)
0.60 | 0.63 0.68 | 0.64 Mg for yy is wrong?
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Tevatron Search for
i% Virtual Graviton Effects

+ Virtual graviton Drell-Yan and diphoton production

+ Mass spectrum has been looked at [Gupta, Mondal, Raychaudhuri, hep-ph/9904234,
Cheung, Phys. Rev. D61, 015005 (2000), Phys. Lett. B460, 383 (1999),...]

+ Key improvement [Cheung, GL, hep-ph/9909218]: simultaneous analysis of the mass
and angular distributions, as a spin 2 graviton would result in different angular
distributions compared to the SM backgrounds

+ There are three terms: SM, interference, and graviton contribution

2
_ Iog(
n=—=| (=
Ms 2/n
‘ (®) ©
Mq(Hewett ) =MgHLZ) —— |, n>2 SM—1_
T o ey L e 26000 15 4o Q2 MY (142 + T My (1— )
dMdydz Zq:487rsM.,., qt@ gleal |26°Q 5 T ametdy My, n U+ 2 + 5 My il =2

After [Han, Lykken, Zhang,

+
Phys. Rev. D59, 105006 (1999)] . .
(explicit n-dependence of the D|ph0t0n5-

virtual graviton exchange) 2¢'Q!
yon 142 7o —____\* Note that the term in
:2(6 “ 1—z2+5M"""‘(1_zm+z)) [1is a full square!
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[Cheung, GL — hep-ph/9909218]
+ Parameterize cross section as a bilinear form in scale n:

Il Il .2
n =Ogy T 04N+ 0gN

oo Oq =Oxy 04N+ ogm’
+ Use Bayesian fit to the data (real one or MC one) to get the best estimate of n
+ For sensitivity studies, repeat the MC gedankenexperiment many times and use the
median of the resulting to obtain the sensitivity
+ Note the asymmetry of the interference term, o,, for Il production
+ Sensitivity is 20-30% (in terms of |Ldt) higher than for 1-dimensional analysis
NLC Meeting, 3/29-31/2000
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i% Search for Extra Dimensions
in the di-EM channel at DO

4+ Basic idea: combine dielectron and MC Simulation of the ED signatures
diphoton channels to increase

efficiency, and hence, sensitivity:

+ 2 EM clusters w/ E; > 45 GeV,
In|<1.1 or 1.5<|n|<2.5

ENTRIES 4790817 ‘ ‘ ENTRIES 4790817

+ ¢~ 80%
+ |Ldt = 127 pb-! — entire Run I . -
statistics S term Imerferenceterm, i
+ Adding theoretical cross sections : P

is OK, since at LO the relative
contribution of each channel is
known precisely

+ NLO corrections are modeled via a
constant K-factor of 1.3 £ 0.1

o,/bin, pb Tev®

ED term, f¥M S Total crosssection, Mg=1TeV,n=4
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DO Results

Comparison of the data and the SM predictions Comparison of the data with the SM predictions
o 120 F
D@ Preliminary, Run |, 127 pb™ a D@ Preliminary
10 Run, 127 pb’
%) %) ]
§ 102 § 1024 - Dielectrons and diphotons
m m ] i E,(EM) > 45 GeV
10 10 - 60 ;+ nl<Lllor 1L5<n|<25
1 1 ; [
E w | +
1 -l: : +
10 1 077 ol
o Fake background + % Py * +
C C 0 02 04 06 08 1
Data Total baCkground Comparison of theads(@a)vEM-EMe SM predictions
F » 108 E
6 g
- oo DQ Preliminary
2} . 5 1020 Run |, 127 pb
05 L E
§ : 3 L Dielectronsand diphotons
L i 4 - E,(EM) > 45 GeV
10 o C 10 + * nj<llor 15<m|<25
% 3 = _.__ g T
1 é 2 | 1 990 ° #L{D L >
] C || i B M
10 1 LF i ‘“ﬂj H
0 5 O'ZS 0 BE=——r—t 1 1 ‘ 10 3 Fake background ’\Ix‘—l-"l_rLL“L1‘1\1L
0 0.25 0.5 0.75 1 r
ooé@’\ A b
SM+ED signal, Mg=1TeV,n=4 cos(6 ), M(EM-EM) > 300 GeV O T e e 30 40 50 600

M(EM-EM), GeV
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DO Limits on Large Extra

Dimensions

CAL+TKS R-Z VIEW 23-APR-1999 16:41 ‘Run

90578 Event 27506h97APR71995 12:38

Max ET= 74.9 GeV
CAEH ET SUM= 204.0 GeV
VTX in Z= 14.8 (cm)

M(yy) = 574 GeV
cosO™ = 0.86

BO2<E<12

[Jl2<E<22
I [22<E<32
\ <42
i | Ji2<E
=311 &

D
]

=i

MUON
_ELEC

)

TAUS
0.3

VEES
__OTHER

Ms(Hewett), = MS(HLZ)(
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n—Zj
)

Limits on Large Spatial Extra Dimensions

0.7 r

06

n=2, Mg> 1.3TeV
nN=3, M >14TeV

n=5M¢>11TeV

95% CL Upper n=7,Mq>095TeV

04 r

| F =2log(

Limit on F/Mg

F=2/(n-2),n>2

Ms ),n=2
06TeV
(after Han et al.

PRD 59 (1999) 1050060)

A+(GRW)=Mg(HLZ)

Greg Landsberg, Collider Searches for Extra Dimensions

A -~ F  F B 1 DA Preliminary
M;‘(Hewett)_z M;‘(HLZ)’ M;‘(HLZ)_/\T(GRW) %4 o6 08 1 12 14 16 |\/|1'8TV 2
5 1€
‘ Mg(Hewett)  ~Mg(HLZ) .

n=4



Run Il and LHC Reach in
Virtual Graviton Exchange

*.

+ Virtual exchange: expected sensitivity @95% CL.:
LHC, 100 fb™
D@ Run I

Run IIA, 2 fb™ [Run IIB, 20 fb™
NN 1.3-1.9 TeV 1.7-2.7 TeV 6.5-10 TeV
1.5-2.4 TeV 2.0-3.4 TeV 7.5-12 Tev | (preliminary):
2.1-3.5 TeV 7.9-13 TeV 1.0-1.3 TeV
- + Dependence on the cut-off scale

v
1.5-2.5 TeV
A = cMc:

n-2 2 _
n:%’czo(l) f: MS/S,n—Z
Mg 2/n-2,n>2
+ C€=0(1) is natural in string theory

(from exponential suppression of

the Gy, couplings [Antoniadis et al,
hep-ph/9904232] or from the brane

tension [Bando et al, hep-ph/9906549])

n (Tev’

10
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i% Tevatron: Real Graviton
Emission

+ (0 — 9G (dominant channel) Theory:
+ jets + ME; final state [Giudice, Rattazzi, Wells, Nucl. Phys. B544, 3 (1999)

L . and corrected version, hep-ph/9811291]
+ Z(vv)+jetirreducible background [Mirabelli, Perelstein, Peskin, PRL 82, 2236 (1999)]

+ Important instrumental backgrounds - -
from jet mismeasurement, cosmics, etc. ﬁ(qq‘ > G )= %ﬁ Fl(tgm?j
+ Both CDF and D@ are pursuing this . >
_ _ 2
search F,(x,y)= x(y—l—x)[ Ax(1+ X)L+ 2x + 2x%)+
Run 1 Event ;t(Mizl%I)P%QiE;\fiAEEZQPAD 2NOV99 Eta;502:01487--6DE;Ce—VQ9 y(l + 6 X + 18 X2 + 16 X3 )_ 6 y2X(1 + 2 X)+ y3(1 + 4 X)]
Tevatron Run I/II reach, CDF+D@ [Giudice et al.]
M, reach, | Mg reach,
Run I Run II Note that non-
1100 GeV | 1400 Gey | | Perturbative
€ € effects could
950 GeV 1150 GeV become
850 GeV | 1000 Gev || Important at
700 GeV | 900 GeV high n
Note that this sensitivity estimate is probably

CMP CMU
« EAST

_ optimistic, as it does not take into account copious
- = | [M.Spiropulu] instrumental backgrounds
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i% LHC Reach in Direct
Graviton Production

+ (g — gG and g — yG reach at the LHC
104;"."I"" L .':\'\I T Tt .
N oo 1 1000 7~ w e Caveat: instrumental
w109 E : =2 — 2 ’ -
~ ¢ E.Mn spectrumi = | backgrounds are ignored
E\ - B B
; 10° N - ?: 12:3;
p oot " y N LHC reach in j+ME; channel
& o, 1.0 N a _
T 10 T osp | %\ 1 for [Ldt = 100 fb-!
L min \:_\‘ E
S N R B BRI yGlET . SpleCtrumT RN L M reach | Perturbativity
10 500 . 1000 1500 2000 o1 200 400 600
Erje [GeV] min 2 8.5TevV |3.8TeV
[Giudice, Rattazzi, Wells, NP B544, 3 (1999)] Err" [GeV]
ot T T T 1222_ T |3 6.8 TeV | 4.3 TeV
_ . zf,::‘*fi:;_f"“c |2 4 |58Tev |4.8Tev
~ e G5 Cross Section| - . 5 [50TeV |5.4TeV
B s +  s0fF
+ to_ N ~ _._‘f‘ __________________________
N o — Note that non-perturbative
10Y — ~J« - = T F
& S~ | ¥ esE S~ e 4 | effects could become
° ) G CFOSS selctlon l\\ff\gi important at high n

M, [TeY] M, [TeV]
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**

+ e'e > 7G/ZG

4+ Similar to LEP2 Studies

ST

—_
o
[

-
o
—

—-
(=)
o

-
o
|

—-

the NLC

Polarization helps to reduce SM backgrounds

Mirabelli, Perelstein, Peskin, PRL 82, 2236 (1999)

Real Graviton Emission at

M, reach M, reach M, reach
200 fbt ? fbl 50 b
Giudice Mirabelli Cheung
n | 1TeV,P=90%, yG 1 TeV, P=0,
vG/ZG
2 | 7.7 TeV 5.7 TeV 4.5 TeV
3.2-4.2 TeV
3 4.0 TeV
4 |[4.5TeVv 3.0 TeV
5 2.4 TeV
6 |[3.1TeVv

E o &up

LeU. =
2uPyy v 2

E E, < 450 GeV
F By, > 300 Gev

M dependence

vG

*
+ Low background gives an edge above LHC
+ Giudice, Rattazzi, Wells, NP B544, 3 (1999)
*
+ Cheung, Keung, PR D60, 112003 (1999)
+ Many others...
E;mn spectrum
R

2 Y CII

:: 10° :

) F

A

T 10!

10-1 [ ..I .‘. M R BN

100 200 300

400

10~%

ete” Vs =1TeV |

0.75

—3 e'e —>2G
E ——-¢e'e —>2zw
e'e” —>ZH

cos 6, <0.8
050 | I 2|

G (pb)
\

0.25

‘s-dependence _/

Mg= 4 TeV

0.00 <

1

2

Ef® [GeV] [Giudice et al., NP B544, 3 (1999)]
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My [TeV]

5 500

[Cheung et al., PR
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Ecu (GeV)

D60, 11203 (1999)]



i% Virtual Graviton Effects at
the NLC

+ efe — vy, ff, WW, ZZ, etc. 16| [Cheung, PR D61, 015005 (1999)]
+ Similar tO LEPZ StUdIES F —— 6(M)/5(SM)=5% ///
+ Polarization helps to reduce SM backgrounds 12 T oMI/e(SM=10%
+ Sensitivity comparable to that at the LHC o |
+ Hewett, Phys. Rev. Lett. 82, 4765 (1999) € gl
+ Giudice, Rattazzi, Wells, NP B544, 3 (1999) ,
+ Rizzo, Phys. Rev. D59, 115010 (1999) 4l B
+ Cheung, Phys.Rev. D61, 015005 (2000) eon yfseos®)
+ Davoudiasl, Phys.Rev. D61, 044018 (2000) 0 - — o -
+ Many others... is,, (GeV)
Hewett Giudice | Rizzo Cheung Davoudiasl
Luminosity | 200 fb1 ? fbl 100-500 fb! | 10 fb! 200 fbl
Ty 3.8 TeV 3.5-4.0 TeV
ff 6.0-7.0 TeV 6.0-7.5 TeV
vy — ff 3.5-4.5 TeV
Compton ~6 TeV
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- NLC Reach for Large
Extra Dimensions

+ If LED do exist, LHC is likely to
discover them

+ For real graviton emission NLC has
an edge for low number of extra
dimensions

+ Phenomenology of LED could be
very rich, and some effects (e.qg.,
s-channel Kaluza-Klein resonances)
could be studied only at NLC

+ Polarized beams, a unique NLC
capability, could be very helpful in
studying the virtual graviton
effects, and to suppress SM
backgrounds to direct graviton
emission

NLC Meeting, 3/29-31/2000

R (cm)

-10
10 r

[M.Spiropulu]

10

Run I

NLC

n=4, vG (ee), 9G (pp)

Effective Planck Scale (GeV)
Note that LHC reach exceeds

that for NLC forn =6, 7

10°
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% Conclusion: WWW Search
for Extra Dimensions

http://www.extradimensions.com

/3 Coming Soon... - Microsoft Internet Explorer J‘E% On 2/15/00 patent 6,025,810 was Issued to DaV|d
JEHE Edit View Fawvorites Tools Help n _h - n
R Ala @ o8 - Strom fo_r a hype.r Ilght.speed"antenna. The
JAdE;ack I@:orwzrd Stz.p I.:Refresh ; Harme Search Faworites  Histony Maﬂ @(:m‘t] — Concept |S deceptlvely Slmple: The present
ddress s Aennner extradimensions.com < o INKS . g g g
= invention takes a transmission of energy, and

instead of sending it through normal time and
space, it pokes a small hole into another
dimension, thus sending the energy through a
place which allows transmission of energy to
exceed the speed of light." According to the patent,

Coming Soon!

We recently registered our domain name at...
reg:ster
scom

the first step on the web

Additional Services

Dornain Narme Search  Affiiate Program this portal "allows energy from another dimension
URL-Forwarding Business Resources
Email Services FREE Domain Mame haoni

to accelerate plant growth." - from APS “What's
New”, 3/17/00

Web Hosting Sell Domain Mame

|w - A
\_) @ PalmV Connected Organizer ﬂfy
Co

gomputing  —8—— ") sna-life lithium-ion battery

click here

C@ﬁs\f wdomain name availability:

T NS

Please b a minute.

1995-2000 by register.com™. Please read our Disclaimer, gekga.ﬁn ?emz‘ and Dispute Paolicy.
LA

/
/77@/73/0 + Stay tuned — next generation of colliders

s has a good chance to solve the mystery of
- i ions!
s SR - large extra dimensions!
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