
�� �� �� � � �

	
 �� 
� �� ��� � �� 	 	� � � 
 �� 	� 
 � � � � � � � � � �� 	 � �

��� � �� � �   ! "#$ %'& ($ �� )*$ %+ , -#$ . / * 0 - )$ % 1� ) 2 . 2� 3  ! �  � 4 � 5



�� �� �� � � �

67 89: ; <

= >? @AB CD EF GD H @I CD A J JLK CM M FB F C EB F E NPO C I F E Q E HR N? SB FK B

= T F Q? M F Q? AB UO CV M @O Q H HW A O @X F V H EB F C EB @ EX Y @ EX @M M[Z \D EX O D V

B K H E @O F CB

= ] HK ? EF Z ^ F C EB C U ] _ V CX HM



�� �� �� � � 4

` a 8b c 7 ;: d7 < ce f fhg c 9 9 : b : c ;b

= ]? H \i J JLj J J @V N M F A D X H C E M S Q C HB A? O CD Q? I C W X F @ QO @V B kB C

? F Q? M SB D N NPO HB B HX l

= m E S E HR N? SB FK B A? @A F E n CM n HB A O H HZ M H n HM HW K ? @ E Q HB R CD MX I H

H @B F M SB H H E C n HO A? H \i I @K o QO CD EX l

= p E N @O A FK D M @O k A? CB H R F A? @ E CV @M SZ A S N HK CD N M F E QB A C J J l

= q W @V N M HB @O H M C R ZB K @M H QO @ nF A S k A? H O @X F C E C U Y \ V CX HM k

A HK ? EF Z N F C EB k l l l



�� �� �� � � !

r C R ZB K @M H QO @ nF A S s mt t V CX HM u

Our World  3+1 dim.

Branes separated by

µc

1 = R

Some hidden
brane

Gravity only

vw xyz { x|} ~w x x� ~� �� z � x� yz | � y � � � � x �y � � � � x �y ��� ��� � ��

���� ��� � �� � �� � x � �� � �

� � ¡ �� ¢ £ �¤ � ¢ ¥§¦ �¨ y y ©



�� �� �� � � ª

r F Q? A Z I SZ M F Q? A \K @A A HO F E Q

γ

γ

γ

γ

Gµν

γ

γ

Gµν
t, W

γ

γ γ

γ

SMADD



�� �� �� � � «

J J j J J
500 1000 1500 2000

√sγγ   (GeV)

10−3

10−2

10−1

100

σ
  
 (

p
b
)

MS=4TeV, n=2,4,6

MS=6TeV, n=2,4,6

SM

|cos θγ |<cos(30 0)

(a)

0 0.2 0.4 0.6 0.8 1
|cosθγ|

0

0.02

0.04

0.06

d
σ

/d
|c

o
s

θ
γ|
  
 (

p
b
)

MS=4 TeV, n=2

SM

s = 0.5 TeV√

(b)



�� �� �� � � �

Y @ EX @M M \D EX O D V i CX HM¬ Y @X F C E

5−D space

S  / Z
1

2Λ

φ=0 φ= π

V −V

0� ) ­® & ¯° )± � ( - ( !² & ( - -± ) - - -³ ( ± (´ + ´ (° # ¯$ + (µ ¯ * � �� ) µ ( ³¶ % ´ ¯ *$ ° & )� ´ # ³

·¸º¹ » ¼¾½ ¹ ¿ ÀÁ Â�Ã Ä Å ÆÇ 1ÉÈ 5 · È Æ · È Ç Ê Ë¹ 1ÉÈ 5 · Ì¹

Ë 1ÉÈ 5# - �� ) & ¯ ° * ± * -Í )± ° ° ) -³ ´ # µ #$ % �� ) ° # -� ($ ³ ) µ )�Î ) )$ �� ) �Î ¯ µ ´ ($ ) -Ï

� -� (µ # ±#Ð ( � # ¯$ & ) ³� ($ # -& 1ÒÑ / 5 * -#$ % ( µ * ±¶ -³ ( ± ( ´ Í )± ° � ¯ % )$ )´ ( � ) ( 2 ¯ � )$ � # ( ± Ï

0� ) ´ (° # ¯$ ( ³ Ó * # ´ ) - ( Ô 1  Õ � Ê � Ë ¼ Ö 5 & ( - -Î # �� ( ³ ¯ * 2 ±#$ % -� ´ )$ % �� � × 0 ) Ø Ï

Ù$ � )´ ( ³ � # ¯$ - ¯Ú �� ) ­ (° # ¯$ Û
Ü ÝÞ ß » Àà À Ë ÆÆ 1®á 5â



�� �� �� � � ã

Y \ Y @X F C E

vw x � �� z | � �| ¨ ä �z � � ~| � ä �z � |} � �¨ | � y ¥ äw | ~| � y ©w �y � �| � ~�z � ¨ ~z | � } � | �

~w x ~� � � x � � | � � � å�
æèçç ¥§éê ©ìëí îï ð

ñ
ò ñ ¥ó ñ ©ô ó ñöõ
ñç�÷ õ ñç÷ ø

ù w x � xò úûü ý ô óþ ðÿ ¥�� þ ý�� � ©�� úûü � � � � úûü ð� � ÿ ô � � ý��

φ

γ

γ p

p

1

2

, µ

, ν
2

i
α em

π Λ φ
µν 2 µ1 2 1 ν B ( p  . p   g     -   p    p     )

Î � )´ )	 » 
¹ � 
 � Ê 1 � � 4 
� � 4 
� 1 � Ê 
� 5� 1 
� 5 5 � �� 
� 1 � � 1 � Ê 
� 5� 1 
� 5 5â 
� » ! �¹ � × � �� � �¹ Ï



�� �� �� � � �

Y @ EX @M M \D EX O D V Y @X F C E
0 200 400 600 800 1000

mφ    (GeV)

10−4

10−3

10−2

σ 
  (

pb
)

√see = 0.5 TeV
        1 TeV
      1.5 TeV

Λφ = 1 TeV



�� �� �� � � �  

T F Q QB Z Y @X F C E i F W F E Q

¦ �¨ � x � � � �| z � � � � xz � � � �z � � � x� | � | ~} | � �z � ~w x �z �z � � � x ~ ù x x� ~w x

� � � �z ~ å y � � � � � � � � ~w x� z � �y �| y | � �

� � ð �  � ! " ó# $ % � ¥ó# $ % ©& ')( & ' *

ù w x � x � ¥ó# $ % ©z y ~w x +z � �z y � � � � � | � ~w x �z yz � � x � � � � x�

, - � | � { x � | � ùz � �z � � ¨ � xy | � x ~�z ä � x �| ¨ ä �z � �y

.0/ 1 / 1 * .)2 ¢ 3ç÷ / . / 1 * 1 / 1 / 1 * .)2 ¢ 3ç÷ / 1 / 1



�� �� �� � � � �

J J j 4 165 5798 j : ;

Gµν

h

φ
γ

γ

]? HK CO O HB N C EX F E Q @ E @M C QB @A < � < Ê @ EX ? @X O C EFK V @K ? F E HB ¬

< � < Ê j 4 165 5798 j : ;= > >j 4 165 5798 j : ;

? @ n H I H H E N HO U CO V HX 1 �� )*$ %+ "# & + ® ¯$ %9? ­²  4+ ? ­²  ! 5



�� �� �� � � � �

@ HD A O @M ] HK ? E F Z ^ F C EB

A x � �¨ y x|} ~w x � � | � � � å ~ å ä x �| ¨ ä �z � � ¥ �z B x �DC / E/ E ©F ù x � � � ¨ y x E E �| � �z y z | �

~| ä � | � x � x¨ ~� � �/ äz | � / �z B x � xy | � � � � xy �

v x �w �z �| �| � é ~� � ù ê � � � | � x � ¥ v G éê FIH � � x J J © �

K ~ x �w �z /z y | y äz � z y � �| | � y å � � x ~� å

K ~w x �z �w ~ xy ~ ~ x �w �z / � xy | � y � � x �| � y ~� ¨ � ~ x� y | � x � å} � | � ~w x �z �w ~ xy ~

~ x �w �z /} x � �z | � � | ¨ � � x ~ ¥ æ L * æ ¤ ©� vw x å} | � �z y | ~�z ä � x ~ Fz y | yz � � � x ~ �

äy x¨ � | y � � � � � � �MC NOP * �RQ C P F � x � ~| � � SC NOP *UT C P



�� �� �� � � � 4

_ C EB FX HO A R C V CX HMB C U A HK ? EFK CM CO

VW XYZ [W \ ]_^ ` ab \W [c

d � -# & 2 ± ) ´ ) -³ ( ±#$ % µ e �� )f × � gih Ï j h Á ³ ¯ * 2 ± ) - � ¯ k kâ k9l â l l ¯$ ± e Ï

mb nIo XYZ [W pW Yq rs Yb [b t ab \W [c

d Ù� # - ( & * ± � # . -³ ( ± ) � ) ³� $ # ³ ¯ ± ¯ ´ & ¯ ° )± -Ï u * ( ´ ¶ ($ ° ± ) 2 � ¯$ & ( - - ) - ( ´ ) % )$ )´ ( � )° µ eµ ´ ¯¶ )$ )v � )$ ° )° � ) ³� $ # ³ ¯ ± ¯ ´ % ( * % ) #$ � )´ ( ³ � # ¯$ -#$ �� )Î ( ±¶ #$ % � ) ³� $ # ³ ¯ ± ¯ ´ & ¯° )± Ï

d 0� )´ ) (´ ) �Î ¯ � e 2 ) - ¯Ú � ) ³� $ # .Ú )´ & # ¯$ -Ï w$ ) - )� ³ ¯$ ° )$ - ) ( � � # %� -³ ( ± ) - )� µ ef » �! « Ñ ) Ø Ï w$ ) - )� ³ ¯$ ° )$ - ) ( � ± ¯Î -³ ( ± ) - )� µ e � g Á » f ×x y z Ï

d 0 ) ³� $ # . 2# ¯$ -Î # ± ± ³ ¯ * 2 ± ) � ¯$ ¯ ´ & ( ± Ó * ( ´ ¶ - ($ ° ± ) 2 � ¯$ - �� ´ ¯ * %� { * ¶ (Î ( .� e 2 )³ ¯ * 2 ±#$ % -Ï j h Á | 
~} 
â � } �

d j h Á ³ ¯ * 2 ± ) - � ¯ k kâ kl â l l â Å Åâ 
~} 
 Ï



�� �� �� � � �!

]? H m E CV @M S0� HO A H W

vw x � � | � � � å �| ¨ ä �z � � ~| � C P / � � / � � �

� � � � �� � � � ��� �� �� � � �� �� �� �� � �� � � �� � � ��

�z ��

� � � � � � � �   �¢¡ £¤ � �� � � ¥§¦¨ ¤ � �� � � ¥© ª«

� ¬®­y ¯° ± �� ± ² ±³ ±° ¯ �´ ° y �z �� � � ± ² ¯µ ² ±¶ ´ y ´ ³ · ¬ ¸ ¯ ³ ¹ �º¡ z y � � ± ¯»z ¯¼

½µ ° ° ±³ � ¯y y ´ ½z ¯ � ± ¹ �z �� � � ± � ± ½ � ³z / ¾z ´ ³

¿ÁÀÃÂ ¡ �ÅÄ Æ Ç À ÇÂ �È¡ Æ



ÉÊ ËÌ ÍÎÏ Ð Ñ Ò

Ó ÓÕÔ Ö ×

γ

γ

π

T

T

U,D
� Ø Ø � � � £ �Ù¡ Ú � ª �z �� Ú � ÚÛ Ü

Ü ÚÝ �

ÚÛ Ú Ý

° ±y ½ ¯¼ ± ¹ � Þ�ß à á Þ�ß

¼ ´ � / y ½ ¯¼ ± â Þ�ß á Þ�ß



ÉÊ ËÌ ÍÎÏ Ð Ñ ã

Öåä ×çæ è éêë ìíî éï

ðñ £ Ç Ç0ò �Mó � ª � �ô � �õ â � � �� Ø Ø ö �
� � �� �

�
÷ùø ó ú £Iû ðü à ô � � ª

ý ´ ¼ ¹ �z � � ¾ � ´ � ´ ³ ¼ µþ z ³ ´ yz � ÿ�� µ ³ ½ �z ´ ³ �

� �� � � �	� �
 � � �
 ���� � ��� ��� � �� � ��� �
� 
 � 
 � � �� �

� �� �
Ñ

�! � "$# � �
  � "# � �
�
 �� � 
&% �

'( )* )
 � "# � �� 
 � Ñ

+ �, 
 - Ñ/. �� 0 ÑÑ/. �� . 1 ��
, � Ñ/. �� 
 0 1 � ��, � � Ñ/. �� 
 � 2



ÉÊ ËÌ ÍÎÏ Ð Ñ 3

Öä × 4 5 ì @ 6

78 9:; <8 => ? =8 <@

A BC B� D � Ñ
��E � � 
 � F

G � � E 
 �� � 0 G � � � � �
 � . � � H
 �

� � �
 � 0 � � H
 0 G �� � � �
 � . 1 � � H
 �
I

J � � � � � � � 
 � A � �A BC B� D

K LM N OPQ RS T LU S R �

V W WX YX Z[ \] ^ Z[ Y* X _` YX Z[ Y Z Y( ) Y Z Y \] ' X W Y(

A � � � � � acb a
 dd e fgih jkl e m � ÑÑ ã � � �
 � � no np �� n � � n 0 � n
 �



ÉÊ ËÌ ÍÎÏ Ð Ñ q

Öä × 4 5 ì @ 6 @r s Öä × Ô Ó Ó t

800100012001400160018002000
Technipion MassHGevL

0.79

0.81

0.82

Branching Ratio

800 100012001400160018002000
Technipion MassHGevL0.04

0.05

0.06

0.07

0.08

Braching Ratio

78 9:; <8 => ? =8 < < ?u v 9:; <8 > ? =8 <



ÉÊ ËÌ ÍÎÏ Ð Ñ w

Ó Ó Ô Öåä × Ô Ó Óx è éêë ìíî éï

250 300 350 400Technipion MassHGevL2

4

6

8

10

12
Cross SectionHfbL

400 500 600 700 800Technipion MassHGevL2.5

5

7.5

10

12.5

15

17.5
Cross SectionHfbL

y � # # � ä z Ò{ ) Ø y � # # � Ñ{ ) Ø

600 700 800 900100011001200Technipion MassHGevL5

10

15

20

Cross SectionHfbL

800 1000 1200 1400 1600Technipion MassHGevL5

10

15

20

25

Cross SectionHfbL

y � # # � Ñ z Ò{ ) Ø y � # # � �{ ) Ø



ÉÊ ËÌ ÍÎÏ Ð �ä

|} ~ ~ �� �

� �� ² � �/ ¶ ÿ/ ¼ � ² � �� ½ ¯ � � ±° � ³ ² ¯ ³ ¹ Ç Ç ò � � ¾ ° ´ ½ ± ± ¹� � ¯ ¶ ´ » ¹� ¯ ² ° ¯þ � � ³

� � ± �� �

� Ç Ç0ò Ç Ç � � � ±³ � � �� � ± �´ �� ± ³ ± � ¾ � ÿ� � ½� � � ¯ � � ³ � ´ ¼� ±� ±� � � ±° �° ± ±/ ¼ ±� ±¼

½ ´ µ ¾ ¼ � ³ ²� ´ ° ¯ ³ ´þ ¯¼ ÿ/ � ÿ ¾ ± ½ ´ µ ¾ ¼ � ³ ²� �

� � ´ � � ½ ¯¼ ± ² ° ¯� � � ÿ ¸/� � ° ¯ ¹� ´ ³ ¯° ± � ³ � ±° ±� �� ³ ² ±» ¯þ ¾ ¼ ±� �

� � ±µ �° ¯¼ � ± ½ � ³ � / ¾� ´ ³ � ´ � þ ¯ ³ ÿ � ± ½ � ³ � ½ ´ ¼ ´ ° þ ´ ¹ ±¼ � � ¯� ± ¯ ³ ´þ ¯¼ ´ µ �

½ ´ µ ¾ ¼ � ³ ²� � � � � ¾ � ´ �´ ³ � �� � ´ �´ ³ ½ ´ ¼ ¼ � ¹ ±° � ¯° ± µ ³ � � µ ± � ³ ¾ ° ´ ¶ � ³ ² � � ±� ±

�� ³ ¹ ´ � ° ±� ´ ³ ¯ ³ ½ ±� �


