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Rb �ÿþ�é��Higgs�.��å *

�Â,
1)

��

(�w���ÆÔn�>fEâÆ� �ë 116029)

Á� XÚïÄ
��Higgs(LH)�.ýó�¤k#âféZ → bbL§©|'Rb �þf?�. (

JL²d?�Ì�5
ua¥þ§�T!5�ÀÚfZH ÚBH, Ùê�égdëêf , c′ ÚxL �~¯

a. Rb ��#ÿþêâéù
ëêkér���.

'�c LH�. ©|'Rb gdëê

1 Úó

¯¤±�§Z→ bbL§©|'Rb ´ü�rfP

C°Ý�', >fÚQCD?�éÙ©f©1Ñk�

z, ùüÜ©�z�Ü©�p-�. ÏdRb éu�Ñ

IO�.(SM)�#Ôn(NP)�~¯a. Rb �°(¢

�ÿþ��UéNP�gdëêkér���
[1]

. Ï

d, 3�IO�.µe¥ïÄZ → bbL§´�~k¿

Â�.

�HiggsnØ
[2, 3]

Jø
�«#�)ûIO�.

5��?¯K��{. TnØÚ?
�X�*¿��

N5�é¡5, >fé¡5»" (EWSB)dColeman-

Weinberg³�). 3dnØ¥, HiggsÀÚf��N

é¡5��Ix�dÏÀÚf, Ù�þ��. TnØ

ýó
�X��SM�AâfäkÓ�g^�#âf,

ù
#âf-�
SM¥�AâféHiggs�þ�z

¤�5�ü��guÑ.

�HiggsnØýó
ØSMâf±	�#5�À

Úf!IþâfÚ¤�f. ù
#âf�U38c

Ú�5�pUéEÅ¢�¥�)²w�&Ò
[4—6]

. d

uù
#5�ÀÚf�±ÚSM5�ÀÚfWÚZ·

Ü, Ïd�HiggsnØéSM5�ÀÚfWÚZ��þ

9Ù�ÊÏâf�ÍÜÑ¬�)?�. Ïd, f>°

(ÿþédnØgdëê�)î����
[4, 7, 8]

.

�©3��Higgs(LH)�.µee
[2]

O�
Z →

bb L§©|'Rb ��, l
�yLH�.ýó�#â

f´ÄéRb k���z, ¿�rRb O��Ú�#¢

�ÿþ�?1'�, uyRb �°(¢�ÿþ�éLH

�.�gdëê(¢kér���.

�©12Ü©, ?Ø#�5�ÀÚféRb �K

�¶13Ü©O�º§� tÚa¥þº§�TÏL

Wtb, WTb, WHtbÚWHTbÍÜéRb ��z; #I

þâféRb ��z314Ü©?Ø; 15Ü©�Ñ(

Ø.

2 #5�ÀÚfé©|'Rb �?�

2.1 #Ôn¥Z→bbL§©|'Rb ���L�ª

Z→ bbL§�k�º����
[9]

Zµ · [gb
LbLγµbL +gb

RbRγµbR], (1)

Ù¥/GÏfgb
L Úgb

R �

gb
L = gb,SM

L +δgb
L =

e

SWCW

(−
1

2
+

1

3
S2

W)+δgb
L,

gb
R = gb,SM

R +δgb
R =

e

SWCW

(
1

3
S2

W)+δgb
R. (2)

ùp�SW = sinθW, θW �Weinberg�. δgb
L Úδgb

R ©

O�LNPé�ÃÚmÃZbbÍÜ~ê�?�.

©|'Rb ���

Rb =
Γb

Γh

=
Γb

3Γb +2Γc

. (3)
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ù p Γc � Z → cc L § � P C ° Ý. Z → qq(q =

u, d, c, sÚb)�PC°ÝΓq ���

Γq = 6Γ0(1+
αs

π
)[(gq

L)2 +(gq
R)2], (4)

Ù¥Γ0 = GFm3
Z/24

√
2π. Ïfαs/πÌ�5
u"�

�fÚ1f�?�. 3±þ�§¥·�b½"�âf

�þ�".

©|'Rb ´ü�rf°Ý�', EWÚQCD?

�é§���z�Ü©p�-�, ÏdRb éda?�

Ø¯a. >f?��p���áÂ�­�zÍÜëê

αÚSW ¥. Ïd, Rb éu�ÑSM�NPé¯a. #

Ôné©|'Rb ?����L�ª���

δRb =Rb−RSM
b =

Γ SM
b +δΓb

Γ SM
h +δΓh

−
Γ SM

b

Γ SM
h

≈
(

δΓb

Γb

−
δΓh

Γh

)

RSM
b =

RSM
b

{

2(gb
Lδgb

L+gb
Rδgb

R)

(gb
L)2 +(gb

R)2
−

4(gc
Lδgc

L+gc
Rδgc

R)+6(gb
Lδgb

L+gb
Rδgb

R)

2[(gc
L)2 +(gc

R)2]+3[(gb
L)2 +(gb

R)2]

}

. (5)

±þ�§�Ñ
O[(δgq
L,R)2]�.

2.2 #5�ÀÚfé©|'Rb �?�

LHýó
#�5�ÀÚfWH, ZH ÚBH, §�

é©|'Rb �)þf?�. T?�Ì�k3�5
:

(1)SMëê�°(>fÑ\ëê�m�'Xu)U

C; (2)#5�ÀÚfZH �SM5�ÀÚfZ�3·Ü,

dd�)
éZbbÍÜ~êgb
L Úgb

R �?�; (3)5�

ÀÚfZH ��ÚBH ��. 3LH�.¥, ¤�ÍÜ~

êGF, 5�ÀÚfZ��þmZ Ú(�~êα(mZ)�

'X���
[8]

GF√
2

=
πα

2
√

2m2
ZS2

WC2
W

[

1−
g

GF

c

s
(c2−s2)

ν2

f 2
+

2c4 ν2

f 2
−

5

4
(c′2−s′2)2

ν2

f 2

]

. (6)

Ù¥ g = e/SW, c, c′ �·Üëê, ν = 246GeV�>

fé¡5»"IÝ, f �é¡5»"IÝëê. d

þª��Ñ
e2

S2
WC2

W

L�ª. �©�GF = 1.16637×

10−5GeV−2, mZ = 91.187GeV, mt = 174.3GeV
[10]

.

5�ÀÚfZ�ZH �·Üéä?Zqq ÍÜgq,SM
L,R

3ν2/f 2 þ?�)?�µ

δgqi,1
L =

e

SWCW

ν2

f 2

[

c2(c2−s2)

4
+

5

6
(c′2−s′2)(−

1

5
+

1

2
c′2)

]

,

(7)

δgqi,1
R =

e

SWCW

ν2

f 2

[

5

3
(c′2−s′2)(

1

5
−

1

2
c′2)

]

, (8)

δg
qj ,1

L =
e

SWCW

ν2

f 2

[

−
c2(c2−s2)

4
+

5

6
(c′2−s′2)(

4

5
−

1

2
c′2)

]

,

(9)

δg
qj ,1

R =
e

SWCW

ν2

f 2

[

5

3
(c′2−s′2)(

1

10
+

1

2
c′2)

]

, (10)

ùpqi Úqj ©O�Le.§�(d, s, b)Úþ.§�(c,

s).

©z[11]3TC2�.¥O�
5�ÀÚféRb

�?�, |^Ó��{�±�Ñ5�ÀÚfZH ��Ú

BH ��éZqq ÍÜ~êgq
L Úgq

R �?�

δgqi,2
L =

e2c2

24π2S2
Ws2

m2
Z

M 2
ZH

ln
M 2

ZH

m2
Z

gqi,SM
L , δgqi,2

R = 0;

(11)

δg
qj ,2

L =
e2c2

24π2S2
Ws2

m2
Z

M 2
ZH

ln
M 2

ZH

m2
Z

g
qj ,SM

L , δg
qj ,2

R = 0;

(12)

δgqi,3
L =

e2

54π2C2
Ws′2c′2

[

1

5
−

1

2
c′2

]2
m2

Z

M 2
BH

ln
M 2

BH

m2
Z

gqi,SM
R ,

(13)

δgqi,3
R =

2e2

27π2C2
Ws′2c′2

[

−
1

5
+

1

2
c′2

]2
m2

Z

M 2
BH

ln
M 2

BH

m2
Z

gqi,SM
R ;

(14)

δg
qj ,3

L =
e2

54π2C2
Ws′2c′2

[

1

5
−

1

2
c′2

]2
m2

Z

M 2
BH

ln
M 2

BH

m2
Z

g
qj ,SM

R ,

(15)

δg
qj ,3

R =
8e2

27π2C2
Ws′2c′2

[

1

5
−

1

2
c′2

]2
m2

Z

M 2
BH

ln
M 2

BH

m2
Z

g
qj ,SM

R .

(16)

MZH
Ú MBH

© O � # 5 � À Ú f ZHÚBH � � þ.

ZHqqÚBHqq ÍÜ�L�ª3ë�©z[4,12]¥®

k�[?Ø. ZH ÚBH éRb o�?����

δgb,G
L = δgb,1

L +δgb,2
L +δgb,3

L , δgb,G
R = δgb,1

R +δgb,3
R ,

(17)

δgc,G
L = δgc,1

L +δgc,2
L +δgc,3

L , δgc,G
R = δgc,1

R +δgc,2
R +δgc,3

R .

(18)
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r�§ (6)—(18)�\�§ (5), �±��d5�

À Ú f ZH Ú BHéRb � � é ? � δRLG
b /RSM

b , Ù ¥

RLG
b = RSM

b + δRLG
b . ê�O�¥�RSM

b = 0.21572,

Rexp
b = 0.21664±0.00065

[13]
. (JL²RLG

b é·Üë

ê cØ¯a, ¤±� c�½�. ã1�Ñ
 c = 1/
√

2�,

RLG
b �·Üëê c′ �Cz­�. ¢��LRexp

b �¥%

�, :��L�¥%�k1σ Ú2σ �IO �. ã¥

f = 1,2,3Ú4TeV©O^¢�!J�!:�Ú:y�

L«. lã1�±wÑ, #5�ÀÚféRb ��z�

Xf �O\
ü$. � c′ > 0.72, f > 1TeV�, 5�À

ÚféRb �?��K. �¦Rb nØ�32σ �IO 

�S�¢�ÿþ��¬Ü, KA�k: �f = 1TeV�,

c′ 7L÷v: 0.57 < c′ < 0.73; ef > 2TeV�, é c′ �

��Ò�~�.

ã 1 ©|'RLG
b �·Üëê c′ �Cz­�

c =
1
√

2
, f �4��.

3 a¥þº§�TéRb �?�

éuZbbÍÜ5`, duº§��þé�, º§

�n�ãéRb �?�ØU�Ñ
[14]

. d	, NPýó�

#�­¤�f3ü�?�éRb kwÍ�?�
[1, 15]

.

¤±k7�O�º§� tÚa¥þ§�TÏLWtb,

WTb, WHtbÚWHTbÍÜéRb �)�?�. �'

¤ùãXã2¤«.

ã 2 º§� tÚa¥þ§�TéZbbL§��z

duWÚWH �UÚ�Ã s, t, TÚb§�ÍÜ,

Ïdº§�Úa¥þº§��º�ãémÃZbb �Í

Ü~êgb
R vk�z. eb½.§���þ�", @o

ÏLWtbÚWHtbÍÜégb
L �)�?����

δgb,1
Lt =

( e

SWCW

)

{

−
α

4πS2
W

[

F1(xt)+
c2

s2
F1(x

′

t)

]

+

3αC2
W

8πS2
W

[

F2(xt)+
c2

s2
F2(x

′

t)

]}

, (19)

F1(x) =
gt
L

2

[

x(x−2)

(x−1)2
lnx+

x

x−1

]

+

gt
R

[

x

(x−1)2
lnx−

x

x−1

]

, (20)

F2(x) =
x2

(x−1)2
lnx−

x

x−1
, (21)

Ù¥xt = (mt/mW)2, x′

t = (mt/MWH
)2. ±þ�§�

Ñ
5�ÀÚfWH ÚW�Z��A.

SMº§� tÚa¥þ§�T�m�·Üégb
L �

)�?��

δgb,2
Lt =−

(

e

SWCW

)

α

16πS2
W

(

ν2x2
L

f 2

)

×

[

xt

(

2−
4

xt−1
logxt

)

+
c2

s2
x′

t

(

2−
4

x′
t−1

logx′

t

)]

.

(22)

tÚT�·Üëê½Â�xL = λ2
1/(λ2

1+λ2
2), 
λ1 Úλ2

�ÍÜëê.

a¥þº§�TÏLWTbÚWHTbÍÜéRb �

�z���

δgb,3
Lt =

(

e

SWCW

)

ν2x2
L

f 2

{

−
α

4πS2
W

[

F3(xT)+

c2

s2
F3(x

′

T)

]

+
3αC2

W

8πS2
W

[

F2(xT)+
c2

s2
F2(x

′

T)

]}

, (23)

F3(x) =
gT
L

2

[

x(x−2)

(x−1)2
lnx+

x

x−1

]

+

gT
R

[

x

(x−1)2
lnx−

x

x−1

]

, (24)

Ù¥xT = (MT/mW)2, x′

T = (MT/MWH
)2. ZtTÍÜ

��zdeª�Ñ

δgb,4
Lt =

(

e

SWCW

)

α

4πS2
W

(

νxL

f

)

×

[

1

xT−xt

(

x2
T

xT−1
logxT−

x2
t

xt−1
logxt

)

−

xtxT

xT−xt

(

xT

xT−1
logxT−

xt

xt−1
logxt

)]

. (25)

º§� tÚa¥þº§�Té5�ÀÚfZÚÙ

¦§� (u, c, d, s)ÍÜ��zé�, �±�Ñ. Ïd�
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§ (5)���

δRb =2RSM
b

{

gb
Lδgb

L+gb
Rδgb

R

(gb
L)2 +(gb

R)2
−

gb
Lδgb

L+gb
Rδgb

R

2[(gc
L)2 +(gc

R)2]+3[(gb
L)2 +(gb

R)2]

}

. (26)

ÏLO��±��, º§� tÚa¥þ§�Té

Rb �?�éu·Üëê c´Ø¯a�, �r��6u

·ÜëêxL. Ïd3ã3¥� c�½�1/
√

2, ^¢�,

J�, :�Ú:J��Lf =1, 2, 3Ú4TeV. dã�

�, �f > 1TeV, xL 6 0.25�, º§� tÚa¥þ§�

TéRb ��z�K; 
�f 6 4TeV, xL > 0.66�, �

z��.

ã 3 ©|' RLT
b �·ÜëêxL �Cz­�

c=
1
√

2
, f �4��.

4 IþâféRb ��z

V>ÖIþâfØU�SM¤�fÍÜ, Ïdé

Rb vk�z. ���>Ö�IþâfΦ± �ÏLΦtb

ÚΦTbÍÜé©|'Rb �)�z, ¤ùãXã4¤

«.

ã 4 IþâfΦ± éZbbº���z

|^ë�©z[4,12]¥�¤ù5K, ØJ�Ñ

δgb,s
R = 0,

δgb,s
L =

e

SWCW

m2
t

32π2ν2
(
ν

f
−4

ν′

ν
)[At +

xL

1−xL

AT],

(27)

Aq = −gb,SM
L B1(−Pb,mq,MΦ)+

gt,SM
R

[

2C
∗

24(Pb,−k,MΦ,mq,mq)+

B0(−k,mq,mq)−

M 2
ΦC∗

0 (Pb,−k,MΦ,mq,mq)
]

+

m2
tg

t,SM
L C∗

0 (Pb,−k,MΦ,mq,mq)+

S2
WC24(−Pb,k,mq,MΦ,MΦ), (28)

Ù¥q�LSMº§� t½öa¥þº§�T, Bi, Ci

ÚCij �IO¤ùÈ©, CþPb �b§��o�Äþ,

k �5�ÀÚfZ�o�Äþ.

¥5IþâfH0 ÚΦ0 ÏLH0bb ÚΦ0bbÍÜ

½�éZbb �ÍÜ gb
L Ú gb

R �)?�. ��Ö>â

f��z�', ¥5IþâfΦ0 ��zkØ$Ïf

m2
b/m2

t , �±�Ñ. �¦Ó ^n­�IþâfΦ0 ä

k���þMΦ, @oÙý�Ï"� (VEV) ν ′ �H0 �

VEV ν �m�'X7L÷vµν ′/ν < ν/4f
[2]

. �


{z·��O��ν ′/ν = ν/5f . 3d�¹eMΦ ��

�µMΦ = 10m2
Hf 2/ν2, Ù¥mH �SM HiggsÀÚf

��þ.

ã 5 ©|'RLS
b �IÝëêf �Cz­�

xL �3��.

ã5«Ñ
©|'RLS
b = RSM

b + δRLS
b �IÝ

ëêf �Cz­�. ã¥¢�, J�Ú:�©O�

L xL = 0.2,0.5 Ú 0.8, SM Higgs À Ú f � � þ �

120GeV. lã5�±wÑ, Ö>IþâfΦ± éRb �

?��K. T?��ýé��XIÝëêf �ü$Ú

·ÜëêxL �O\
O�. �f → ∞, ?�ªCu
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". Φ± éRb �?���é�, 3�Ü©ëê�mÑ

�u#5�ÀÚf!º§� tÚa¥þ§�T�?

�. ÏLO���T?��Xν ′/ν �O\
ü$; �

ν′/ν = ν/4f = 0.0205�, ?�ªCu".

5 (Ø

LH � . ý ó 
 # I þ â f ! 5 � À Ú f ±

9a¥þº§�T. ù
#âf�é©|'Rb �

)��?�. 3LH�.¥Rb �nØ��±��

RLH
b = RSM

b + δRLG
b + δRLT

b + δRLS
b . rnØ��¢

�ÿþ�Rexp
b ?1'�, �±�ÑéLH�.gdë

ê���.

lþ¡?Ø�±wÑ, LH�.ýó�¤k#â

fé©|'Rb �?�oNþ�XIÝëêf �O\


ü$. Ö>Iþâf3¤k�ëê�mSéRb �

?�Ñ�K, �?��ýé��X·ÜëêxL �O

\
ü$; º§� tÚa¥þº§�T��z�6u

gdëê c,xL Úf , �´äNê�égdëê cØ¯

a, r��6ugdëêxL Úf ; #5�ÀÚfZH Ú

BHéRb ��z��, d�zéëê c′ Úf ¯a. Ïd

LH�.éRb o�?�Ì��6ugdëêf , c′ Ú

xL. ¤±3O�Rb �o?��rëêcÚν ′/ν ���

½�µc = 1/
√

2, ν′/ν = ν/5f .

ÏLO���, RLH
b �X c′ �O�
ü$. �

f = 1TeV �, RLH
b � � � �, 3 � Ü © ë ê � m

Ñ�Ñ
°(¢�ÿþ�Rexp
b . Ïd3ã6¥, �

f = 3TeV, xÑ
RLH
b �·ÜëêxL �Cz­�. l

ã6�±wÑRLH
b �XxL �O\
O�. �¦nØ�

RLH
b 32σ  ���S�°(¢�ÿþ�Rexp

b �¬Ü,

ÒAk

c′ = 0.1, 0.16 6 xL 6 0.67;

c′ = 0.4, 0.25 6 xL 6 0.74;

c′ =
1√
2
, 0.38 6 xL 6 0.84;

c′ = 0.9, 0.39 6 xL 6 0.83.

ef ��
, ��Ò¬�r. ~Xf = 2TeV, c′ = c =

1√
2

�, �U�0.28 6 xL 6 0.65.

ã 6 LH �.¥ýó� RLH
b �·Üëê xL �5C

z­�

c′ �4��.

�HiggsnØ´�a­��#ÔnÿÀö. LH�

.´Ù¥�;.��a�., §¢y
�HiggsnØ

�Ä�g�. �©O�
LH�.ýó�¤k#âf

é©|'Rb �?�. (JL²¥5IþâféRb �

?�é�, �±�Ñ; Ö>IþâféRb �)K�?

�; #5�ÀÚfÚa¥þº§�éRb ?���K�

6u·Üëêc, c′ ÚxL. �¦5�ÀÚf!a¥þº

§���z-�Ö>Iþâf�K�z, ¿¦Rb nØ

�RLH
b Ú¢�ÿþ�Rexp

b �¬Ü, ·ÜëêxL, c′ Ú

f Ò�É�î����.

ë�©z(References)

1 Barger V D, Cheung K M, Langaclar P. Phys. Lett., 1996,

B381: 226; Bamert P et al. Phys. Rev., 1996, D54: 4275

2 Arkani-Hamed N et al. JHEP, 2002, 07: 034

3 Schmaltz M. Nucl. Phys., 2003, 117(Suppl.): 40; Kaplan

D E, Schmaltz M. JHEP, 2003,10: 039; Chang S, Wacker

J G. Phys. Rev., 2004, D69: 035002; Skiba W, Terning J.

Phys. Rev., 2003, D68: 075001; Chang S. JHEP, 2003, 12:

057

4 HAN T et al. Phys. Rev., 2003, D67: 095004

5 Perelstein M, Peskin M E, Pierce A. Phys. Rev., 2004, D69:

075002

6 Burdman G, Perelstein M, Pierce A. Phys. Rev. Lett., 2003,

90: 241802; HAN T et al. Phys. Lett., 2003, B563: 191;

YUE Chong-Xing, WANG Shun-Zhi, YU Dong-Qi. Phys.

Rev., 2003, D68: 115004

7 Csaki C et al. Phys. Rev., 2003, D67: 115002; 2003, D68:

035009; Hewett T L, Petrielo F J, Rizzo J G. JHEP, 2003,

10: 062; Gregoire T, Smith D R, Wacker J G. Phys. Rev.,

2004, D69: 115008; HUO WU-Jun, ZHU Shou-Hua. Phys.

Rev., 2003, D68: 097301

8 CHEN Mu-Chun, Dawson S. Phys. Rev., 2004, D70:

015003; Casalbuoni R, Deandrea A, Oertel M. JHEP, 2004,

02: 032; Kilian W, Reuter J. Phys. Rev., 2004, D70:



1 9 Ï �Â,�µRb �ÿþ�é��Higgs�.��å 843

015004; CHANG S, HE Hong-Jian. Phys. Lett., 2004,

B586: 95; Kilic C, Mahbubani R. JHEP, 2004, 07: 013

9 For review see: Novikov V A, Okun L B, Rozanov A N,

Vysotsky M I. Rept. Prog. Phys., 1999, 62: 1275

10 Groom D E et al (Particle Data Group). Eur. Phys. J.,

2000, C15: 1; Hagiwora K et al (Particle Data Group).

Phys. Rev., 2002, D66: 010001

11 Hill C T, ZHANG X. Phys. Rev., 1995, D51: 3563; YUE

C X et al. Phys. Rev., 2000, D62: 055005; YUE C X et al.

Phys. Rev., 1995, D52: 5314

12 YUE Chong-Xing, WANG Wei. Nucl. Phys., 2004, B683:

48

13 Gambino P. Int. J. Mod. Phys., 2004, A19: 808

14 Bernabeu J, Pich A, Santamaria A. Phys. Lett., 1988,

B200: 569

15 Aguilar-Saavedra J A. Phys. Rev., 2003, D67: 035003

Constraints of the Rb on the Littlest Higgs Model *

YUE Chong-Xing1) WANG Wei

(Department of Physics, Liaoning Normal University, Dalian 116029, China)

Abstract In the context of the littlest Higgs(LH) model, we study the contributions of the new particles to the

branching ratio Rb of the Z → bb process. We find that the contributions mainly come from the vector-like quark T

and the gauge boson ZH, BH and depend on the free parameters f , c′ and xL. The precisely measured value of Rb can

give severe constraints on these free parameters.
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