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1. New physics subgroup’s calendar

2003/4/25: LC Physics Study Group Kickoff meeting
New physics subgroup was formed

Conveners. K. Fujii & N. Okada
In order to expand the activity

for New Physics Study at a linear collider

New Physics = SUSY, Extra-dimension, ....
SUSY hasbeen studied very well
Little detailed study on Extra-dim. Phys.
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5/30: 18 New Physics Subgroup Meeting

concentrate on Physics of Extra-dimensions

prepar e a handbook

Review talk on Physics of Extra-dimensions

7/30: 2 New Physics Subgroup Meeting

Report on preparation of handbook
Two Review Talkson:

LittleHiggsModel by M. Hashimoto
SUSY Dark matter by T. Nihe

New Physics Subgroup home page
http://www-jlc.kek.jp/subg/physics/subg/newphysics/

Minutes & Slides of review talks
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2. Physics of Extra-dimensions 417
Phenomenological M odels

| / We are confined on “3-brane’
4+o dim. | Graviton livesin the bulk
SM fields

% graviton
/ » O (compactified) extra-dim.

“3-brane’

Beyond the standard model - Brane World Scenario New property
4+0 dimension “ geometry”

Typical Scenario: Large (flat) Extra Dimension (Arkani-Hamed-Dimopoulos-Dvali, ' 98)
War ped (small) Extra Dimension (Randall-Sundrum, '99)



L arge Extra Dimension Scenario

Alter native solution to hierarchy problem
without SUSY, TC, etc.

My, ~ 102GeV <« My ~ 1019Gev  If My ~ My, = OK.

L ow scale gravity model

A2
Sats = 4i§fd4i‘d'5yﬁ—94+aﬁd+a

= ﬂ-fp_/ d*z\/—gaR4
ﬂf% = UE_]'_'; Vs : volumeof & extra-dim.

/s = (27r)® (compactified on T%)

For A "rfl-—l—t"l- ~ 1 TeV
) T
1| 10'° cm excluded
21107 mm allowed & <218y m
3/107% mm allowed

Hoyleet al., PRL 86 (2001) 1418
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Phenomenology

M 4+5

many graviton Kaluza-Klein modes

GMU(I#: yls yzﬂ "1 y”) — ZQEEE}{‘E#) X{ﬂ)(ﬁj

Th] e 2 =12 1 —4
S (m@) = S itedim» o~ 10 eV
;

Phenomenology of Extra-dimension Scenario

= Phenomenology of graviton Kaluza-Klein modes



Pr epar ation of Handbook 7117

comprehensive guide for studies

Construction of effective action in 4D

1. 4D L agrangian

4+d dim. Graviton - 4D graviton In 4D
KK gravitons
KK gravi-scalars
KK gravi-vectors

2. Feynman rules
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4D reduction of 4+ dim. Einstein’s Eqs.

T 1 }jdy
KK graviton (O+n )CE,,,,J = = [Tw_'_ (ri )TJ
&J’rf_l -”2 e
3(¢ 1)
KK gravi-scalar (m+ﬁ_)H(n-) - "V ‘5_+? T
'UP H
Vector @O+a)Vv® = o

i
Scalar (D+-ﬁ)b§;’) = 0



Feynman rules LT

ex) QED + KK graviton

f(k1) a(n)
f(k2) A

Anlk 1 1
l:t{ 1} > GL?;E} —E [ 5 jﬂv{klﬁkzﬂ - (kllﬁizj?}:}-ﬂ} + *I’h}f;i';'lﬁl#k'zy

AJ(kE) —|_ ﬂm{ﬂy.ﬂt:klkﬁ) o kl.ﬂkﬂu} o T]‘pﬁklukgﬂ'
+ (p+v)]
Aq :
1eQ)

f GP[.;; P
, 1
‘;mnl!! = El:r.llﬁ-!ﬂrl'rq'.i' + MufdThea = Illﬂ”f'rfrt,l'.l':l

. . 1

GLJ;;}(;:) G&%}(k:’ 'EP#I;&H — ? E[I.r.lf“"';'- 15 A -|— Tl J.rklr,gnﬂ'ﬁ + ;.rjn'.l.llk]"kf'f + rf?-"'-"l"';‘-ﬂkﬁ}

2 e 1
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Detection of Extra-dimension @ LC

-> detection of KK graviton

direct - KK graviton emission

indirect KK graviton mediated process

First detection of spin 2 particle!
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KK graviton emission

Emitted KK graviton = non-interacting & stable particle

- Missing ener gy event

Example: ete™ — ~ 4+ nothing

SM background: ete™ = YUV

Each processis suppressed by 1/17p?

But x # of KK modes —

Ag2
MZ . s

f
G

(7i)

iy
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Result ete™ — v+ Emissing

Ve = 1TeV
o[ fb] 100\
AN
10 SM Bkgd
T~ d =2
1 . —
N \\6=3\
0.1 d=>5 -
\\ §=4__ E. < 450GeV
OOl s s 3 3.5 4 4.5 5 Er~ > 300GeV




Virtual KK graviton mediated process 13/17

+ v 1
e ! -

B 5 N Z 2 oo (for 6 > 2)
€ {'T_“I-"' n 5 = (mﬂrﬁr)

'

Need regularization

Naive: Cut Off by m/ji* = A ~ My s

2 J

"f:*.rfﬂ.t —" A4 +1

e F LY .
Toadi™ ;



Result | ete™ 5 v+~ 14/17

SM bkgd et Y
+ Cross
e Y
o[fb] = 41 = —1 ves = 1TeV
| | 1000
1500 — 1 7 A=1.5TeV
1000 ] P00 S
700 | | pa— =~ S\
500 S A= 2Tev 200 — M
\\
100
300 | X\\ﬁzz.!ﬁﬁv
200 ¢ ol ¥ ] 50 ©
200 SM \\
20t —~—
100 A= 3Tev
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EF [ TeV]



Result |1 ete = v+ 15/17

Angular distribution € spin 2 particle exchange

do }f der
M
dcosf dcoséb SM
= 1TeV
= +1 = -] Vs
| ;
2.2 \ﬂ:fl'ev SM 4
5 [
1.8 0.8
1.6 AN=25TeV 0.6
1.4 0 4
1.2 -
_ | ~y 0.2
1 A= 3TeV SN
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1



3. Futureplan o

We are calculating other processes

et e f+f with polarization
W4+W . Z4+ 2

Options e+~v— XY, ...
B + B — X, Yi_. o

Calculations are mostly straightforward

but very complicated and tedious
Some calculation tools are very useful

FeynCalc: http://www.feyncalc.org/




17/17

Two Problems

No enough Time & Manpower

6" ACFA Workshop, TIFR, Mumbai, India
15-17 December 2003

Need people whom we work with !!




	

