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¤ O�. ò5�rféEÅéç�dÀ

Úf5�Ú�þ�¢�&ÿéuIO�.Ú���é

¡IO�.Ñò´��­��u�.

rféEÅþ¯õ��ç�dÀÚf�)Å�

¥, bottom§�é�'�ç�dÀÚf�)L§,

pp/pp̄ → hbb̄+X, w�c�­�. ébottom§��

YukawaÍÜ��±JøéÐ�u�. IO�.eù

�L§��)�¡'��, ù´dubottom§��

þmb éÙYukawaÍÜk��Ø$�^. ù«�/3

Vç�d�­�����é¡IO�.¥k¤ØÓ,

Ù¥bottom§��YukawaÍÜ�'u tanβ, ½Â�

�.¥ü�Vç�d�­�
[2]

ý�Ï"�v1,2 �'�

tanβ = v2/v1, 8c�nØÚ¢�Ñ��u� tanβ �,

� tanβ �òwÍ�pç�dÀÚf��)�¡. Ï

d3���é¡IO�.e, �)�pp/pp̄→ hbb̄+X

ò´��­��ç�dÀÚf�)5
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���f (5��fÚç�d�f)�é'��, �´

�ÃI$u��TeV(ëw©z[9]). 8c�âféE

Å�,ÃU�å. ùÒ¦��é¡5���¢�u�

��Øy¢. Xd±5�Ò�U�Ä|^�
Ù¦�

Ãã5m��Ïé�é¡5�3�¢�yâ. 3âf

éEL§¥, ÏL�é¡âfí3�AéÔn�*ÿ

þ�?�K�5�«�é¡5��{k­�¿Â.

2) Ø3�´��é¡âf��þìCªué­

�, �Ü©L§¥��é¡J�AÑòòÍK, ù´

dòÍ½n
[10]

�y�. �X31nÙ¥�ïÄ?Ø

(J, �k3ç�dÀÚfÚ§�YukawaÍÜº:

�'�L§¥�é¡âf�J�Aâk�Uí3e

5. �Ðéh → bb̄PCL§�ïÄ¥Ò�ÑLa

q�(Ø
[11]

, ·��ïÄ(J
[12, 13]

��dJø
#

�yâ. ÏdrféEÅþç�dÀÚf�)L§

pp/pp̄ → hbb̄+X´ïÄ�é¡í3�A���­�

L§.

Äuþ¡�?Ø, 3ê�O�L§¥==�Ä


hbb̄ÍÜ�'�SUSY QCDü�ã�z. �L§

pp/pp̄ → hb + X�', du"��	õÑ
��M

b-jetl
¦�éL§pp/pp̄→ hbb̄+X"�ç�dÀ

Úf�&ÿ��N´. XJ¢�þ*ÿ�
ç�dÀ

Úf(h), Ù�þ�ÏL�f–�fvà�L§�±(

½, @o�©ïÄ�L§éu¢�þ°(ÿþbottom

§�YukawaÍÜÚu��é¡âf�$Uí3�A

Ñk­���¿Â.

¯¢þ, ç�dÀÚf�)L§¥�é¡í3�

A��3¿Ø¿�X�é¡âfäk$U�òÍ5.

¯¢þ, �é¡âf�$U�AÌ�í33�é¡ç

�dÜ©. �CP-Ûç�dÀÚf��þMA �é�

� (>fIÝ)�, �é¡í3�A'�wÍ, �XMA

�þÚÙ¦�é¡�þëêìCO�, ù«�é¡í

3�?��Aòªu", ÙnØýó��ò£E�I

O�.�ýó�.

2 ü�SUSY QCD?�

rféEÅþL§pp/pp̄ → hbb̄+X¥, ç�d

ÀÚfÌ�ÏLgg → hbb̄Úqq̄ → hbb̄ü�Ü©ff

L§�). 3LHCþ, ç�dÀÚf�)�¡��z

Ì�5g�fvàL§gg→ hbb̄. ù�L§���ü

�SUSY QCD?��¹�þ�¤ùã, Ù¥�kNõ

E,�Ê:�ã. ,
·���Xd¯õ�¤ùã¥

ý�é�é¡�$Uí3�Ak�z�ã==´@


bottom§�YukawaÍÜ�'�ü�?�ã.Ïd

3¢S�ê�O�¥, �I��Ä@
hbb̄ �'�¤

ùã, Xã1, 2¤«.

ã 1 rféEÅþ pp/pp̄ → hbb̄ + X ç�dÀ

Úf�)L§�hbb̄ ÍÜº:�'�ü�SUSY

QCD?�¤ùã

��:L«hbb̄ ÍÜ�ü�SUSY QCD?�k�º

:.

ã 2 ÍÜº:hbb̄�ü�SUSYQCD?�¤ùã

(a) º:�ü�Ø��n:ã; (b) bottom§��g

U�.

3�ãO��L§¥¦^�´�ê�5z©lb

	uÑ, ¿ÀJ3�­�z�Y\±�Ø. ã1¥�z

�hbb̄k�º:Ñ�¹üÜ©: ü�Ø��n:ãÚ

�A�-��δVhbb̄ = g0
hbb̄

δZ, Ù¥�g0
hbb̄

�hbb̄º:

�äãÍÜ, δZ �eª½Â�­�z~ê,

δZ =
δZL

2
+

δZR

2
+

δmb

mb

, (1)

ª¥�δZL,R Úδmb ©O�bottom§�|Ú�þ�

­�z~ê. �âã2(b)�ü�gUã, |^��­

�z^��±òù
­�z~êÄ�Ñ5.

ã1¥z�hbb̄k�º:�-��/ªþÑ´�

��, äkÊH5. �´�,ã2(a)�ü�Ø��n
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:ãk�Ó�ÿÀ(�, �éAuã1¥ØÓ�hbb̄

k�º:�(J%¿Ø�Ó. ù´du§�é	ïÄ

þ�k�6'X. d	�u�
b	uÑ����¹,

uyb	uÑ´°(-��, ù´���é¡IO�

.nØ�­�5�7,(J.

3O�¥æ^�´3�­�z�Y, Ù­�z�

�þmb = m0
b − δmb (ª¥�m0

b �à�þ)´Ôn�

þ, �Ò´bottom§�DÂf�4:�þ
[11, 14—16]

.

3�­�z�YÚMS­�z�Y�Ì�«O3u

MS­�z�Y¥Ú\
���Äbottom§��þ^

5áÂ?��+Þ�Ü© ('X, QCD?�¥��é

ê�)
[16]

. ,
SUSY-QCD?�O�L§¥vkù«

�éê�, Ï~æ^3�­�z�Y('uù�¯K�

�[?Ø�ëw©z [14,15]).1)

ç�dÀÚf�)L§pp/pp̄→ hbb̄+X�ü�

SUSY QCD­�z�Ì�±L«�

M = Mqq̄
0 +δMqq̄+M gg

0 +δM gg , (2)

ª ¥ � M0 Ú δM © O L « ä ã � Ì Ú ü � SUSY

QCD?���Ì.

ÏLòù��Ì²�3nN"���m�È©�

�Ü©f�¡ σ̂(ŝ). �
(�TevatronÚLHC�7

º:&ÿì�±&ÿ�Ñ� b-jet&Ò, ���¦Ùî

Äþ�u15GeV, ¿���� |ηb| < 2.0 (Tevatron)Ú

|ηb|< 2.5(LHC). rféEÅþpp/pp̄→ hbb̄+Xç�

dÀÚf�)�o�¡´Ü©f�¡ σ̂�Ü©f�Ý

�S\,

σ(s)=

∫1

τ0

dτ
dL

dτ
σ̂(ŝ = sτ) , (3)

Ù¥�È©e� τ0 = m2
h/s, 
s´rféEÅpp/pp̄

�%Uþ�²�, dL/dτ �Ü©f�Ý.

Ü©fL§qq̄→ hbb̄�Ü©f�ÝL�ª�

dL

dτ
=

∫1

τ

dx

x

[

fp
q (x,Q)fp

q̄ (τ/x,Q)+(q ↔ q̄)
]

. (4)

Ü©fL§gg→ hbb̄�Ü©f�ÝL�ª�

dL

dτ
=

∫1

τ

dx

x
fp
g (x,Q)fp

g (τ/x,Q) , (5)

Ù¥fp
q Úfp

g ©O��§�Ú�f�Ü©f©Ù¼ê.

ê�O�¥¦^�´CTEQ5LÜ©f©Ù¼ê
[17]

,

¿��½ÏfzIÝQ �uç�dÀÚf��þ

Q = mh.

�
Buw�ÙL§pp/pp̄→ hbb̄+X�SUSY-

QCD?�(J���, ½Â�é�¡∆SQCD ��¡

'

∆SQCD =
σ−σ0

σ0

, (6)

Ù¥σ0 ´L§�äã��)�¡.

3 ê�(JÚ?Ø

ê�O�¥�9��IO�.��'ëêk,

mW = 80.448GeV, mZ = 91.187GeV, mt = 178GeV,

mb = 4.5GeV, sin2 θW = 0.223, ±9V��ÄÍÜ~

êαs(Q).

�é¡ëê¥Ø
��f��þÚ tanβ 	, �I

�bottom§����f��þ. Ù�þ²��Ý


�
[18]

M 2
b̃

=

(

m2
b̃L

mbX
†

b

mbXb m2
b̃R

)

, (7)

Ù¥

m2
b̃L

= m2
Q̃

+m2
b−m2

Z

(

1

2
−

1

3
sin2 θW

)

cos(2β) ,(8)

m2
b̃R

= m2
D̃

+m2
b−

1

3
m2

Z sin2 θW cos(2β), (9)

Xb = Ab−µtanβ, (10)

ª¥�m2
Q̃

Úm2
D̃

©O��ÃI§��­� Q̃ ÚmÃ

e.I§�ü�D̃ �^»"�þ�. Ab ´^»"�¥

n�5�H1Q̃D̃ �Xê, 
µ��³¥ü�ç�d�

­��V�5ÍÜëê. ��=I§���þ²�Ý


Ò�9�
Xe��
�é¡ëê, mQ̃, mD̃, Ab,

µÚ tanβ.

|^��N�C�òþã�þ²�Ý
é�z,

l
òf�p�^��� b̃L,R ^=��þ��� b̃1,2:
(

b̃1

b̃2

)

=

(

cosθb sinθb

−sinθb cosθb

)(

b̃L

b̃R

)

, (11)

Ôn�I§� b̃1,2 ��þÚ�A�·Ü�θb �

mb̃1,2
=

1

2

[

m2
b̃L

+m2
b̃R

∓

√

(

m2
b̃L
−m2

b̃R

)2

+4m2
bX

2
b

]

,

(12)

tan2θb =
2mbXb

m2
b̃L
−m2

b̃R

. (13)

,	, 3O�¥�^�
Xe�¢���:

(1) �#�µfg-2 ¢�ÿþ(J
[19]

���u:

µ > 0Ú�� tanβ �, 5 6 tanβ 6 50.

1)XJ3hbb̄ ÍÜ�SUSY-QCD?�O�L§¥æ^MS ­�z�Y, ½Â���Äbottom§��þ5áÂ,
SUSY-QCD?

��A, @oÃØ�ÄSUSY-QCD ?��ÄÑò��Cq�Ó��¡'(J (Ï�ù«�{�ØL´=£
,
?��A, 
o�

SUSY-QCD?�(J¿vkUC).
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(2) LEPÚCDF¢�|�Ñ
ç�dÀÚf, I

§� sbottomÚ��f��þe�
[20, 21]

mh > 114GeV, mb̃1
> 75.0GeV, mg̃ > 190GeV . (14)

e¡Ò5?Ø�é¡ëê��þìCe, ç�d

ÀÚf�)L§pp/pp̄→ hbb̄+X�SUSY-QCDË�

?�(Jé�é¡ëê��61�, ±Bé�é¡â

f�$Uí3�Ak��¡
���@£. òÌ�?

Øü«äk�L5�ëêÀ��/:

�YA: òMA ����½3>fIÝ, 
4¤k

Ù{��é¡�þëê (Ú�^MSUSY IP)äk�

Ó�þ?¿�ìC���u>fIÝ. =

MSUSY ≡MQ̃ = MD̃ = Ab = Mg̃ = µ≫MEW . (15)

3ù|ëêÀ�eI§��m�·Ü´���, �

Ò´θb ∼±π/4. ã3Úã4�Ñ
ØÓ� tanβ ÚMA

���¹e, �é?�(J∆SQCD é�é¡IÝëê

MSUSY ��6'X. ã3Úã4Ñw«, �XMSUSY �

O�SUSY-QCDË�?��(J¿Øªu"
´ª

u���"~ê, ¿�?�(J�� tanβ �wÍ�

p. �é¡âf�$Uí3�A´w,�3�. lã3

¥��±w�, éAuMA = 200GeVÚ tanβ = 30�,

�é?�(J�±�L40%1). ã4L², �é¡âf

�$Uí3éç�dÀÚf�þëêMA '�¯a,

�XMA ìCO�∆SQCD ×�P~.

ã 3 3MSUSY ≡ MQ̃ = MD̃ = Ab = Mg̃ = µë

êÀ�e, �½MA = 200GeV��é?�(J

∆SQCD éMSUSY��6­�, ¿�
�|ØÓ�

tanβ �

∆SQCD éâféEÅ��%Uþ¿Ø¯a, LHCÚ

Tevatronþ�$1(JA���.

ã 4 Úã3�ëêÀ��Ó, �´�½ tanβ = 8


�
�|ØÓ�MA �

∆SQCD éMA ����6'X�©wÍ.

�Ä��MA > 150GeV�ç�dÀÚf�þmh

éMA ¿Ø¯a
[22]

, ¤±�½MA ���, UCMSUSY

B�±���A�ç�dÀÚf�þCz��. du

�.���ëê��, �ç�dÀÚf��þmh �

�±3é������SCÄ.

�YB: ç�dÀÚfMA ���Ó�ìCªu

é�, �Ò´¤k��é¡�þëêÑìC��u>

fIÝ. =

MSUSY ≡MQ̃ = MD̃ = Ab = Mg̃ = µ = MA ≫MEW .

(16)

ù|ëêÀ�Ó�k���I§�·Ü. ã5 £ã


SUSY QCD�é?�∆SQCD é�é¡�þIÝ

MSUSY ��6­�. ã5¥�­��Ù�L², �¤k

��é¡�þëêÑìC��u>fIÝ, �Ò´�

½MA = MSUSY �, �XMSUSY ìCO�SUSY-QCD

Ë�?�ò¯�òÍK, ��� tanβ �ò¬Ñ�~ú

òÍ��Ý.

ç�dÀÚf�þMA �½3>fIÝ�, ¤�

fYukawaÍÜº:¥�é¡âf$Uí3�A�3

����Ï3uù�ÍÜº:�'u,
�é¡�þ

ëê
[23]

. �X©z[24]¥�?Ø, bottom§�Yukawa

ÍÜº:hbb̄ �SUSY QCDí3�A�'u tanβ.

,
éuht̄tÍÜ, ÙSUSY QCDí3�AK�'

u cotβ. ç�dÀÚf�)L§pp/pp̄ → ht̄t + X

� � é ¡ QCD Ë � ? � � O � � � a q u L §

pp/pp̄ → hbb̄ + X��/. ·��O�(JL²ù

1)�ü�?�(JL��, ÒI��Ä�p��ã��z. 'uù�¯K��G?Ø�ëw©z[14, 15].
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�ç�dÀÚf�)L§��é¡$Uí3�A��

�, � tanβ = 5�==�3%, ¿���� tanβ �Ñ

�Ø$. ùo��?��A$�uØUÚg+Þ��

QCD?�
[25—30]

�', ��Ø�U3ò5�éEÅþ

*ÿ�. ��¿�¤k�¤�fYukawaÍÜº:�

'�ç�dÀÚf�)L§��é¡í3�AÑ´¢

��*ÿ�.

ã 5 3MSUSY ≡ MQ̃ = MD̃ = Ab = Mg̃ = µ =

MA ≫MEW ëêÀ�e�é?�(J∆SQCD �

MSUSY �Cz­� (Ó��
�|ØÓ� tanβ

�)

4 (Ø

�©ïÄ
rféEÅþbottom§�é�'�

ç�dÀÚf�)L§pp/pp̄ → hbb̄ + X��é¡

QCDË�?�. ê�(JL², =¦L§�'��é

¡IâfÑ'�­ (�uTeVIÝ)��¹e, §��

,�UÏLJ?�éL§��)�¡�5wÍ�K

�. cÙéu�� tanβ �, �é¡âf�$Uí3�

A�±éL§��)�¡�5�L40%�?�. w,,

ùo��Ë�?�(J3ò5�rféEÅþ´�*

ÿ�, ùò��é¡5�uyJøm��¢�yâ.

XJ3ò5�rféEÅþ==é�
��, �

k�U´A���ç�dÀÚf, 
vkU
��u

yý���é¡âf. @oÒ`²�é¡�»"I

Ýò��p, ��AT3TeVIÝ�þ. ��«�ç

�dÀÚf��é¡½��é¡5å
Òw�4�

(J. �,, °[N!¯Kqk
Ñ5, �é¡nØ

ò¿KÙ)û°[N!¯K�`³. �´�X�

C Arkani-Hamed Ú Dimopoulos J Ñ � Split � é ¡

�.¥�?Ø, �é¡5�Ú\¿�Ì��
)û

°[N!¯K. Xd±5, ¢�þÏé�é¡5��

«�U�{Ò´ÏL�é¡âf�$Uí3�A�*

ÿ5Jø�é¡�3�m�yâ. �©ïÄ
rfé

EÅþbottom§�é�'�ç�dÀÚf�)L§

�SUSY QCDË�?�, Ì�Ñu±þ�nØÚ¢�

ÄÅ. ·��ïÄòéÏé�é¡5�3�m�¢�

yâk­����¿Â.

ë�©z(References)

1 Haber H E, Kane G L. Phys. Rept., 1985, 117: 75

2 Gunion J F, Haber H E. Nucl. Phys., 1986, B272: 1; 1986,

B278: 449[E: 1993, B402: 567]; Gunion J F et al. The

Higgs Hunter’s Guide Addison-Wesley, Reading, MA, 1990

3 Dicus D A, Willenbrock S. Phys. Rev., 1989, D39: 751;

Dicus D et al. Phys. Rev., 1999, D59: 094016

4 Balazs C, HE H J, YUAN C P. Phys. Rev., 1999, D60:

114001
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SUSY QCD Residual Effects in pp→bbh Process
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Abstract If all the supersymmetry particles (sparticles) except a light Higgs boson are too heavy to be directly

produced at the Large Hadron Collider (LHC), a possible way to reveal evidence for supersymmetry is through their

virtual effects in other processes. We examine such supersymmetric QCD effects in bottom pair production associated

with a light Higgs boson at the LHC. We find that if the relevant sparticles (gluinos and squarks) are too heavy to be

directly produced well above the TeV scale, they can still have sizable virtual effects in this process. For large tanβ, such

residual effects can alter the production rate by over 40 percent, which should be observable in future measurements of

this process at the LHC.
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