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Abstra
t

In Run II at the Tevatron, the major goal of the upgraded CDF and D� dete
tors is a Higgs

sear
h in the mass range of 110 � 200 GeV. They will also 
ontribute signi�
antly to B physi
s.

Among many possibilities they will be able to measure rare de
ays of B mesons and improve our

knowledge of CP violation in B system through study of B mixing. Various aspe
ts of Higgs and B

physi
s in Run II are dis
ussed here.

1 Introdu
tion

Both of the CDF and D� dete
tors, are undergoing major upgrades in Run II, whi
h will start in Mar
h,

2001. The Tevatron will deliver approximately 2 fb

�1

integrated luminosity to ea
h experiment, a fa
tor

of 20 more than the Run I data samples. This will provide a unique opportunity for the sear
h of the

Higgs boson in the mass range from 110 to 200 GeV until new LHC data arrives. At the same time, a

wide range of other physi
s topi
s will be present. Among these we expe
t to study various rare de
ays

of B mesons, sear
h for CP violation and B

d;s

os
illations. In this note we dis
uss various aspe
ts of

Standard Model (SM) Higgs produ
tion and B physi
s in Run II.

2 Experimental Layouts

Details of the D� dete
tor 
an be found elsewhere [1℄. Here, we brie
y summarize the main features of

the dete
tor relevant for Higgs and B physi
s. The heart of the D� dete
tor is a sili
on tra
king system

(SMT), whi
h 
onsists of six barrel segments with disks in between and three more disks lo
ated at ea
h

end of the tra
ker. The barrel and disks are based on 50 �m pit
h sili
on mi
rostrip dete
tors, providing

spatial resolution � 10�m. At ea
h end of this system the two large disks are pla
ed in order to in
rease

�

det


overage. The SMT system is en
losed in �ber tra
ker (CFT). They represent a 
omplete robust

tra
king system of the dete
tor. D� dete
tor will allow us to have momentum resolution at the level

of �(p

T

)=p

T

= 0:02� 0:05 for low p

T

tra
ks with quite high tra
king eÆ
ien
y for 
harged parti
les at

j�

det

j < 3. Vertex re
onstru
tion resolution is expe
ted to be 15 � 30�m in (r � �) plane for primary

verti
es and for se
ondary verti
es it is expe
ted to be 40�m in the (r � �) and 100�m in the (r � z)

planes, respe
tively. A major upgrade of the muon system together with 
entral and forward s
intillators

will allow us to trigger 
harged tra
ks. Ele
tron and muon identi�
ation will be possible in the 
entral

and forward regions.

The CDF dete
tor has similar 
apabilities su
h as a new sili
on and 
entral outer tra
kers, plug


alorimeter, muon 
hambers, and data a
quisition system. Owing an additional sili
on layer near the

beam pipe, a time of 
ight system, they are expe
t to have slightly better vertex re
onstru
tion resolution

[2℄.

3 Higgs Produ
tion at the Tevatron

In the Standard Model, Higgs bosons are expe
ted to be produ
ed in gluon fusion or in 
onjun
tion with

aW or Z boson. The expe
ted 
ross se
tions at the Tevatron are shown in Fig. 1 [3℄. Although the gluon

fusion mode is expe
ted to be largest 
ontributor to Higgs boson produ
tion, it will be overwhelmed by

the huge QCD ba
kground. Therefore pay most attention to the WH and ZH produ
tion modes. The
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Figure 1: The SM Higgs 
ross se
tion for six produ
tion modes versus Higgs mass.

Higgs boson will mainly de
ay into b

�

b and WW �nal states for the mass range below and above 135 GeV,

as shown in Fig. 2 [3℄.

In the low mass range, m

H

' 90� 130 GeV, in 90% of the 
ases the Higgs will de
ay into a b

�

b pair

giving a (q�q; `

+

`

�

; `�; ���)b

�

b �nal state where the leptoni
 de
ay of the W or Z will serve as a trigger.

The high-p

T

lepton (e or �) trigger is expe
ted to use in sele
tion of HW mode where W ! `�. We

assume that su
h a trigger will be eÆ
ient for leptons with p

T

� 20 GeV. Also a large amount of missing

transverse energy =E

T

� 20 GeV is expe
ted. Two b-tagged 
entral jets are expe
ted to survive in the

\loose" and \tight" sele
tion 
uts. The main ba
kground for this mode will be Wb

�

b and WZ de
ays.

For the ���b

�

b �nal state the sele
tion 
riteria are based on missing transverse energy from the es
aping

neutrinos and two distin
t b-jets. Here the main ba
kgrounds 
ome from Zb

�

b and ZZ events. For the

`

+

`

�

b

�

b �nal state, the trigger threshold for �nal leptons 
ould be redu
ed to p

T

� 10 GeV. The invariant

mass of two outgoing leptons should be 
onsistent with Z boson mass. Two separate b-jets are also

required in this 
ase. The main ba
kground will 
ome from real Z's produ
ed in 
onjun
tion with b

�

b

pairs, or fromW 's de
aying hadroni
ally. Finally, for the q�qb

�

b 
ase, the expe
ted ba
kground from QCD

events is expe
ted to be unredu
eable. The 
ross se
tions of di-jet and four-jet events are expe
ted to be

of the order of O(10

6

) and O(10

4

) pb, respe
tively.

For the mass range,m

H

' 120�190 GeV, where the Higgs boson produ
ed in 
onjun
tion with a ve
tor

bosons, it will mainly de
ay into W

�

W

�

states

1

with subsequent de
ay (W;Z)W

�

W

�

! `

�

�`

�

�jj. For

this 
ase sele
tion 
riteria requires two leptons with p

T

� 10 GeV having the same 
harge and two separate

jets with p

T

� 15 GeV and at least 10 GeV =E

T

. The main ba
kground in this 
ase is WZjj produ
tion.

Also it is possible to 
onsider tri-lepton �nal states produ
ed in W

�

H ! `

�

�W

�

W

�

!! `�`�`� 
hain.

The main attra
tion of this 
ase is a small ba
kground. One 
ould �nd the best 
ombination of trileptons

and �t their invariant masses to be 
onsistent with W

�

W

�

W

�

and W

�

W

�

Z

�

�nal states. Nevertheless

we do not expe
t mu
h to gain from this 
hannel due to its small bran
hing fra
tion.

In the 
ase of gluon fusion produ
tion of the Higgs boson the four possible 
ombinations are allowed:

H ! W

�

W

�

! `�jj and `

+

`

�

���;

H ! Z

�

Z

�

! `

+

`

�

jj and `

+

`

�

���:

For the `

+

`

�

��� 
hannel we expe
t to have a large ba
kground from WW , WZ, ZZ, and t

�

t produ
tion.

It 
an be redu
ed requiring two leptons with p

T

� 10 GeV and �

det


onstrain. One 
ould possible use a

1

Hereafter, the W

�

(Z

�

) denotes a W (Z) boson of either on- or o�-mass-shell.
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Figure 2: The bran
hing fra
tions of various de
ay modes of the SM Higgs versus its mass.

transverse and a \
luster mass" mass 
onstrains and perform likelihood analysis, see [4℄. The rest of the

two �nal states 
an be 
onsidered using proper 
ut for outgoing leptons and requiring two distin
t jets.

Among various analyses underway in both 
ollaborations, the most promising ones are based on

a neural networks te
hnique. Various sets of kinemati
 variables is used to dis
riminate signal from

ba
kground. Among them are transverse momentumof the isolated lepton, its pseudorapidity, the missing

transverse energy of the event, the invariant mass of the �nal b

�

b-pair, and the separation between the

b-tagged jets, the lepton and the �rst b-tagged jet, and between the lepton and the se
ond b-tagged jet.

One of the important tasks is to �nd the best possible b-tagging eÆ
ien
y and mass resolution whi
h

are expe
ted to be at the level of 55-60% and 10%, respe
tively. It looks like that it will be impossible

to 
hoose a golden 
hannel, and that su

ess in a Higgs sear
h will require a 
ombination of all possible


hannels. The details of various te
hniques as well as latest results for Higgs sear
h 
an be found in

Ref. [4℄ and/or under web [5℄. As a result of preliminary analyses, we show in Fig. 3 the integrated

luminosity delivered per experiment whi
h would be required to either ex
lude the SM Higgs at the

level of 95% or to make a dis
overy at the 3� and 5� levels. The wide bands in the plot represent the

Figure 3: Integrated luminosity delivered per experiment required to either ex
lude at 95% C. L. (bottom


urve) or dis
over the SM Higgs at the 3� (middle 
urve) or 5� (top 
urve) level as a fun
tion of Higgs

mass. The theoretial un
ertainties are already in
luded in all 
urves.
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al
ulated threshold plus un
ertainties in the b-tagging eÆ
ien
y, ba
kground rate, mass resolution, and

other e�e
ts. As the plot shows, in order to 
over the full possible spe
trum of Higgs mass allowed at

Tevatron energies, the total integrated luminosity should be extended up to 30 fb

�1

per experiment.

Even though a 
ombination of all 
hannels as well as the data from both experiments are needed, new

approa
hes and robust re
onstru
tion algorithms will also be required.

4 B physi
s at the Tevatron

The weak de
ays of B

d

and B

s

mesons play 
ru
ial roles in the study of CP violation e�e
ts both within

and beyond the Standard Model. The CKM [6℄ matrix elements, determined from various B de
ay


hannels, 
an be represented in the Wolfenstein parameterization [7℄ as a set of four parameters A; �; �; �.

The parameters A and � are known with good a

ura
y [8℄:

� = 0:2196� 0:0023; jV


b

j = (39:5� 1:7)� 10

�3

A =

jV


b

j

2

�

2

= 0:819� 0:035:

The � and � parameters 
an be extra
ted mostly from four pro
esses: CP violation in the neutral kaon

system, os
illations of B

0

d

and B

0

s

mesons, and 
harmless semileptoni
 b de
ays. The last three of these

are the subje
t of great interest in the Run II B physi
s program.

The expe
ted luminosity of the Tevatron, 2� 10

32


m

�2

s

�1

, in Run II will lead to a huge rate of b

�

b

produ
tion, � 10

11

events/year. This enormous statisti
s will allow us to study various B de
ays modes,

sear
h for CP violation and B

d;s

mixing. Primary interest will fo
us on the study of CP-violation, and

related 
onstraints on jV

td

=V

ts

j from B

s

mixing. Os
illations in B system o

urs be
ause of high-order


orre
tions, as shown in Fig. 4. The light and mass eigenstates, B

L

and B

H

, are di�erent from the CP

Figure 4: Feynman diagrams responsible for mixing in the B systems.

eigenstates B

0

q

and B

0

q

:

jB

L

i = pjB

0

q

i + qjB

0

q

i jB

H

i = pjB

0

q

i � qjB

0

q

i; q = d; s quarks:

Unlike the kaon system, the mass di�eren
e �m

q

= m

B

H

�m

B

L

is the key feature of the physi
s. Many

analyses of B

0

d

� B

0

d

os
illations have been performed by several 
ollaborations and their results have

been 
ombined to give [9℄: �m

d

= 0:472 � 0:017 ps

�1

. For the 
ase of B

0

s

mesons, due to their large

mass di�eren
e �m

s

, the B

0

s

os
illation frequen
y is thought to be mu
h higher then the well measured

B

0

d

one. Existing data, mostly from CERN experiments, ex
lude small values of the mixing parameter

x

s

, x

s

= �m

B

0

s

=�

B

0

s

> 14:0 at the 95% CL [9℄.

Various de
ay modes of B

0

s

mesons are under investigation by the D� 
ollaboration. Among them

B

0

s

! D

�

s

(K

�

K

+

�

�

)�

+

; (B = 1:1� 10

�4

);

B

0

s

! D

�

s

(K

�

K

+

�

�

)3�; (B = 2:8� 10

�4

);

B

0

s

! J=	K

�

; (B = 5:1� 10

�6

);

B

0

s

! D

�

s

(K

�

K

+

�

�

)`

+

�; (B = 1:1� 10

�4

):
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The �nal data sample will be determine by the quality of the tra
k and se
ondary vertex re
onstru
tion

algorithms. Final states of B's are expe
ted to be fully re
onstru
ted and tagged by the 
harge of the

lepton and re
onstru
ted 
harm meson and/or kaon. The initial state required for a B

s

mixing sear
h


an be tagged in one of two possible ways, either by applying same-side tagging or opposite-side tagging

te
hniques. Using the good SMT resolution, we 
an tag B de
ays using displa
ed se
ondary verti
es or

tra
ks with large impa
t parameters. For a 10% B re
onstru
tion eÆ
ien
y and with 12% of B

s

having

p

T

> 0:5 GeV and j�

det

j < 1:5 for all �nal state parti
les, we expe
t approximately 2500 re
onstru
ted

events. We will be sensitive for x

s

� 20. A new limit for jV

ts

=V

td

j 
an be establish using the well-known

relation:

�m

s

�m

d

=

m

B

0

s

m

B

0

d

�

2

�

�

�

�

V

ts

V

td

�

�

�

�

2

=

m

B

0

s

m

B

0

d

�

2

�

2

1

(1� �)

2

+ �

2

;

where theoreti
al un
ertainties are in
luded in the quantity � [10, 8℄:

� =

f

B

d

p

B

B

d

f

B

s

p

B

B

s

= 1:14� 0:08:

The CDF dete
tor is expe
ted to obtain a better 
onstrain on the x

s

parameter. Using their time-of-
ight

system, K=� separation at the level of 2� and opposite kaon tagging, they expe
t to rea
h x

s

� 60 [11℄.

A se
ond major 
omponent of the B physi
s studies will be a CP violation sear
h in B de
ays. It is

well known that an asymmetry in the B system is generated if both de
ay amplitudes are nonzero and

if the weak de
ay phase, �

de
ay

, is di�erent from the mixing one, �

mixing

. De�ning mass eigenstates as

jB

1

i = pjB

0

i+ qjB

0

i and jB

2

i = pjB

0

i � qjB

0

i we have the following de�nition of �

mixing

and �

de
ay

:

q

p

=

s

m

�

12

� i�

�

12

=2

m

12

+ i�

12

=2

'

V

�

tb

V

td

V

tb

V

�

td

= e

�2i�

mixing

; ��(f) =

hf jHjB

0

i

hf jHjB

0

i

= �

f

e

�2i�

de
ay

Experimentally, we need to look for the asymmetry of the �nal state, f :

A

CP

(t) =

�

�

B

0

q

! f

�

� �

�

B

0

q

! f

�

�

�

B

0

q

! f

�

+ �

�

B

0

q

! f

�

= sin(2�) sin(�m

q

t);

and try to measure the quantity A

obs

= D

mix

D

tag

D

bgd

A

CP

. Here the dilution fa
tor D

tag

= 1 �

2p

misstag

is de�ned via the 
orre
t tag probability p

misstag

and together with eÆ
ien
y " de�nes the tag's

e�e
tiveness, "D

2

tag

; where the mixing fa
tor D

mix

= sin(�m

q

t) = x

q

=(1+x

q

) and D

bgd

=

p

S=(S + B).

The un
ertainties on sin 2�:

sin 2� = Im

�

�

�

V

�

tb

V

td

V

tb

V

�

td

��

V

�


s

V


b

V


s

V

�


b

��

V

�


d

V


s

V


d

V

�


s

��

;

are de�ned as

Æ(sin 2�) =

1

D

mix

D

bgd

q

1=("D

2

)

tag

N

re


;

where N

re


is the number of re
onstru
ted events. The three major blo
ks in sin 2� 
omes from B

0

�B

0

mixing,

�

V

�

tb

V

td

V

tb

V

�

td

�

, �nal de
ay fra
tion ��(f),

�

V

�


s

V


b

V


s

V

�


b

�

and K

0

� K

0

mixing,

�

V

�


d

V


s

V


d

V

�


s

�

. Flavor tagging

eÆ
ien
y will play a 
ru
ial role in �nal purity of the samples. We have summarized it in Table 1. All

numbers are based on our knowledge from Run I and MC studies. As 
an be seen from the table our

tag e�e
tiveness will not ex
eed 10%. The golden mode is expe
ted to be the de
ay of B ! J=	 + K

whi
h is quite easy to trigger when J=	 ! `

+

`

�

. The following 
uts 
an be applied in this 
ase:

p

T

> 1:5 GeV for muon tra
ks, p

T

(K) > 0:5 GeV and j�

det

j < 2. We expe
t to have approximately

40000 B

�

! J=	 + K

�

and 20000 B

0

! J=	 + K

0�

events with statisti
al errors dominating the

systemati
s. For the time-independent analysis, assuming 2 fb

�1

integrated luminosity, S=B ' 0:75, and

a tag e�e
tiveness ("D

2

)

tag

' 9:8%, our expe
tation leads to Æ(sin 2�) ' 0:04 for the 
ase of J=	! �

+

�

�

and Æ(sin 2�) ' 0:05 for the J=	 ! e

+

e

�


hannel. With 20 fb

�1

we will go down to Æ(sin 2�) ' 0:01.

56



"D

2

(%) "D

2

(%) Relevant "D

2

(%)

Tag measured expe
ted D� D�

CDF Run I CDF Run II di�eren
e 
apabilities

same side 1:8� 0:4� 0:3 2 same 2

soft lepton 0:9� 0:1� 0:1 1.7 �, e ID 
overage 3.1

jet 
harge 0:8� 0:1� 0:1 3 forward tra
king 4.7

opp. side 2.4 no K id none


ombined 9.1 9.8

Table 1: Flavor tagging eÆ
ien
ies for both CDF and D� dete
tors based on knowledge from Run I and

MC studies [12℄.

Su
h pre
ision, together with other measurements, will tune the position of the unitary triangle in the

� � � plane and help us better understand the SM parameters.

Among other possibilities a large area of B physi
s 
an be 
overed in Run II: individual hadron

masses and lifetimes (B

�

, B

0

, B

s

, �

b

) sear
h for B




meson (B




! J=� + �) sear
h for rare b-de
ays

(b ! X

s

`

+

`

�

, b ! `

+

`

�

, B

s

! K

�


, B

s

! D

�+

s

D

��

s

), and a non-SM CP violation sear
h via the

B

s

! J=	+ � 
hannel, but they are out of topi
 of this dis
ussion.

5 Con
lusion

As we have shown, the forth
oming Run II at the Tevatron 
ollider is expe
ted to give us a unique

opportunity to study various ex
iting aspe
ts of the SM, su
h as Higgs sear
h and CP violation. Thanks

to the huge e�ort from many people, the D� and CDF dete
tors are on the �nal road and ready to

start 
olle
ting data in Mar
h 2001. The main improvements in Run II that make us optimisti
 for the

physi
s are based on in
reased integrated luminosity, at least fa
tor of 20x more then in Run I, and major

upgrades of both dete
tors. For both goals, Higgs sear
h and B physi
s, the main gains will 
ome from b

identi�
ation and from the b

�

b invariant mass measurement. Now our fo
us is 
on
entrated on building a

robust, reliable re
onstru
tion algorithm, in order to fully explore the dete
tor 
apabilities. Preliminary

studies by the Higgs sear
h working group show that there is no golden 
hannel in the analysis, and in

order to be su

essful, we need to 
ombine all data and all de
ay modes from both experiments. Initial

luminosity of the Tevatron, 2 fb

�1

, will allow us to explore Higgs mass at the level of LEP2, but with 10

fb

�1

, we will be able to ex
lude at 95% C.L. an SM Higgs up to � 180 GeV and with 20 fb

�1

we 
ould

see its eviden
e at the level of 3�. D� and CDF will signi�
antly 
ontribute to B physi
s in Run II. The

main fo
us of our attention will be the B

s

os
illation sear
h and CP violation. Several di�erent modes

are under investigation. We expe
t to improve the lower limit on the x

s

parameter up to a level of 20

(D�) and 60 (CDF) and extend our knowledge about the unitary triangle by measuring sin 2� with an

a

ura
y of 0.01-0.05.
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