The Second THERA Meeting

14 - 15 Apr il 2000

DESY, Hamburg

                              THERA Based p and A Colliders

                                                                                                                  A. K. Çiftçi

         Dept. of  Phys ics , Faculty of  Sciences, Univ. of Ankara, Ankar a, Turkey

                                                                                                                S. Sultansoy

                                                                                           DESY, Hamburg, Germany

         Dept. of  Phys ics , Faculty of  Scien ces, Univ. of Ankara, Ankar a, Turkey

                                    Inst. of  Physics , Academy of Sciences, Baku, Azer baijan

and

                                                                                                                        g�<DYDú

Dept. of  Eng. P hysics , Faculty of  Sciences, Univ. of Ankar a, Ankar a Turkey

                                                                                            INTRODUCTI ON

THERA=TESLA
                                                                                     Å

                                                                                               HERA

                                                           Å

                                                                     TeV scale ep col lider

                                                           Å

                                                                     TeV scale
                                                                                                                        g
p collider

                                                           Å

                                                                     eA collider

                                                           Å g

                                                                          A collider

                                                           Å

                                                                     FEL
                                                                                             g

                                                                                                   A collider

TeV scale ep collider is in vestigated by

                        ·  M. Tigne r, B. Wiik an d F. Willeke , An Elec tron - Proton Collide r in  the  Te V

                                     Ran g e , Proc . of the  19 91 IEEE Particle Acc elerators C onferenc e (6 - 9 May

                                     19 91, San  Fran cisc o, California), vol. 5 , p. 291 0.

                        ·  R. Brin kman n and M. Dohlus, A method  to  ov ercome  the  bun ch le ngth

                                     limitation s on b

                                                                                         p

                                                                                            *

                                                                                               fo r elec tron - proton co lliders , DESY - M - 95 - 11  (199 5).

                        ·  R. Brin kman n, Intera ctio n Re gion a nd Luminosity Limitatio ns for the

                                     TES LA/HERA e/p Collide r , Tu rkish J. Ph ys. 22 (19 98) 6 61. (19 97 Ankara

                                     Mee ting)

                        ·  R. Brinkmann et al., Linac - Ring Typ e Collide rs: Fou rth Way to T eV Scale ,

                                     DESY 97 - 23 9 (19 97).

                                                          TeV Sca le p and A Coll iders

One of the most impor tant advantages and features of th e linac -

ring type collid ers is the possibility of construct ing p and A

colliders based on them.

                        ·  S. F. Su ltan ov, Prosp ec ts o f the futu re  e p and  g p co lliders: lumino sity  a nd

                                     ph ys ics , IC/89/40 9, Trieste (198 9).

                        ·  A. K. Ciftci, S. Sultansoy, S. T urkoz and O. Yavas, Main parame te rs o f TeV

                                     en ergy g p co lliders , Nu cl. Instrum. Meth. A 365 (199 5) 31 7.

High energy photon beams will be obtained by Compton

backscatterin g of laser light off a beam of high ener gy electrons

just as proposed in

                                                                                          g
                                                                                               e and
gg
 colliders based on linear colliders.

Photon conver sion r ate is

65

.

0

=

e

N

N

g

                        ·  Novosibirsk Group , I. F. Gin zbu rg, V. Se rb o, V. I. Telnov and  Co .

Table I. Electron beam parameter s

                                                                                                    Non -

                                                                                           upgraded

                                                                                       param eters

Upgraded
param eters

                                                                                                        (a)  (b)  (c)  (d)

         Electron ener gy

                           (GeV)

                                                                                                       500  300  500  800

Number  of electrons

        per bunch ( 10
                                                            10

                                                                   )

                                                                                                            2

1.8

1.5

1.41

  Number  of bunches

                     Per  pulse

                                                                                                     2820

4640

4950

4430

  Beam power (MW)  22.6  40  30  40

  Bunch len gth (mm)  0.4  1  0.4  0.3

  Bunch spacing (ns )  337  192  192  192

 Repetition r ate (Hz)  5  10  5  5

                                      *

                     *

                           /

                                      y

                     x
                               b

               b

                                            (mm)
                                                                                                  15/0.4  15/0.4  15/0.4  15/0.4

                           y

             x
                     s

       s /  at I P ( nm)  535/5  535/5  535/5  535/5

                              z
                       s ( m m )  400  400  400  400

Table II. Proton beam par ameters

Non - upgraded
param eters

Upgraded

Parameters

(a)  (b)

         Pr oton ener gy (TeV)  0.92  0.92

            Number  of pr otons

                per bunch (  10
                                                                      10

                                                                             )

7

30

           Number  of bunches

                                 per ring

180

90

      Bunch separation (ns)  96  192

                                                   *

                                  *

                                        /

                                                   y

                                  x
                                            b

                           b

                                                        (m)
7/0.5  0.2/0.2

                                      y

                    x
                              s

            s

                          /  at I P ( m m)  265/50  12.5/12.5

                                        z
                                s

                                             (cm)  8.5  15

                                                                        Lumi nos ity of  p Col li der

Rough estimation of the luminosity

)

)(

                                                                                                                (

                                                                                               2

2

2

2

2

py
y
px
x
p

N

N

                                                                                    f

                                                                    L

s
s
s

                                                                                                                  s

                                                                                                   p
g
g
g

                                                                                       g

+

+

                                                                           =

Here f
                           g

                               is the collision r ate.

In  the estimation s,

                                                                                       g
                                                                                             bun ch transverse sizes (at z = 0)  are taken

equal t o electr on bunch sizes.

Table III. Luminosity for the various THERA
g
p collider

combinations

                         C ollider  I
                                                                                             a

                                                                                                +II
                                                                                                             a

I
a

+II
b

I
c

+II
a

I
b

+II
b

I
c

+II
b

I
d

+II
b

                             s

                                    (TeV)  1.234  1.234  1.234  0.96  1.234  1.56

          L ( 10

                                  31
                                           cm

                                                         - 2
                                                               s

                                                                   - 1
                                                                         )

                           at z = 0

                                                                                      0.0016  0.56  0.0 02  1.66  0.74  0.62

Total Luminosity as a function of z
(z is the distance between the conversion

region and the collision p oint)

                                                                                         :

w

w
w
g

                                                                                                                 g
d

d
dL

                                                                                                             L
p

                                                                                                                     p
ò

=
max

0

Differ ential Luminosity

                                                                                                        ( w  is the energy of high energy photon)
:

]

)

)(

(

2

)

(
exp[

)

                                                                                                    )(

                                                (

                              2

                                                                                   )

                                                                         (

2

2

2

2

2

2

2

                                                                                                                        2

                                                                                               2

                                                                 2
py
y
px
x
py

                                                                                                                    y

                                                                                      px

                                                            x

                                                                                                            p

              p
z

                                                                                                                  f

                                                                                                    N

                                                                                       N

                                                                     f

     d

  dL
s
s
s
s

w
s

                                                                                                          s

                                                                              s

                                                  s

                                   p

                                                                            w

         w
g
g

g

                                                                                                                g

                                                         g

                                                                                                                     g

                                                                                              g

           g

+

+

Q

-

+

                                                                        +

                      =

Q ( w ) is the angle between high ener gy photon s with ener gy w  and
electron beam dir ection

                                                                                                        (for small Q
g
)
:

)

1

(

                                                                                                                    )

                                                                                                          ( +
-

=

                                                                                             Q x

x

E

E

m
e
e

e
w

                                                                                                            w

                                                                                                    g
where x  = 4 E

                                       e
                                         w

                                              0
                                                 / m

                                                        e
                                                          2 <4 .8 3 and w

                                                                                                  0
                                                                                                      is the laser p hoton energy.

f (
      w

              ) is the normalized differential Compton  cr oss section :

)]

2

)(

2

1

(

)

1

(

4

1

                                                                                                1

                                                                                                        1

                                                                                             [

                                                                      2

                                                      1

                               )

                     (

0

                                                                                     2

                                                                                       2
y
r
rx
r
r
y

                                                                                                              y

                                                                         xm
                                             E

                 f
e

                                                                                    e
                                                             C

                                                   e

-

-

+

-

-

-

                                                                                                                      +

                                                                                                      -

                                     = ll

                                                                           pa

                                                      s

                        w

(where y  = w / E

                                                  e
                                                    , r  = y /[ x (1 - y )], l

                                                                                                          e
                                                                                                             is helicity of the electron, l

0
 is helicity of laser p hoton and
maximum energy of the high energy photons is w
max
= E
e
x/(x+1 )=0 .8 3E
e
)

The total Compton cr oss section is

0

0
l
l
s

                                                                                                                s
e

C
                                                                                                                       C

+

= ,

]

)

1

(

1

16

1

)

1
ln(

)

16

                                                                                                            8

                                                                                             2

                                                                                       [(

2

2

                                                                                 2

                                                                                 2

                                                     0

+

-

+

+

+

                                                                                                                   -

                                                                                                    -

                                                             =
x
x

x
x
                                                                                                            x

                                                                     xm

                                                                                e

                                                    C

                                                                    pa

                                             s ,

]

)

1

(

1

1

2

5

)

1
ln(

                                                                                                                       )

                                                                                                                 4

                                                                                                   2

                                                                                            [(

2

                                                                                      2

                                                                                      2

                                                         1

+

-

+

+

-

+

                                                                                                         +

                                                                  =
x
x

x

                                                                                                                  x

                                                                          xm

                                                                                     e

                                                         C

                                                                         pa

                                                  s .

The helicity of high ener gy ph otons is

            ( )

                                                                                                             ( ) ( ) ( )

)

2

)(

1

2

(

)

                                                                                                                       1

                                                                                                                     (

                                                                                                            4

                                                                                               )

                                                                             1

                                                                        /(

                                                                   1

                                        1

]

2

1

1

1

[

)

                                                                                                               1

                                                                                                          /

                                                                                                     1

                                                                          1

                                                                     )(

                                                            2

                                               1

                                            (

0

2

                                       0
y
r
rx
r

                                                                                                                 r

                                                                                           y

                                                      y

r
y
rx
y

                                                                                        y

                                                                 r
e

e

-

-

-

-

                                                                                                     -

                                                                                   -

                                                            +

                                              -

-

-

+

+

                                                                                                                     -

                                                                                               +

                                                                                -

                                                    -

                          =
l
l

l

                                  l

              w

 l

      g
.

Luminosity dependence on distance for upgraded versions:

Luminosity distribution as a function of g p invariant mass at z=5 m:

Luminosity distr ibu tion as a function of
g
p invar iant mass for

l

      e

         l

               0

                   = -  0.8 at three different distance values:

High energy photon h elicity as a function of
g
p invariant mass:

                                                                      Lumi nos ity of  A Coll id er

We consider light nuclei, such as Carbon, for the acceler ation.

Table IV. Beam parameters for Carbon nuclei.

          Energy of  C nuclei    (TeV)  5.52

          Number  of C per  bunch ( 10

                                                                                                                    9
                                                                                                                       )  8

          Number  of bunches  per r ing  90

          Bunch separation (ns)  192

                                   *

                  *
                        /

                                   y

                  x

                            b

           b
                                        (m)

0.2/0.2

                                    y

                  x

                            s

          s
                        /  at I P ( m m)  50/50

                  z

          s
                       (cm)  15

The main limit for  acceleration of nuclei is the intra - beam

scattering.
                                               ( μ Z 4 A - 2 g
                                                                          A

                                                                             - 3 )

It is good to investigate small x

g

 region in nuclear medium.

                                                                                                                  Conclusi on

Advantages of
                                                                 g

                                                                      p and
                                                                                                g

                                                                                                     A options are:

1.  Better  spectr um of co nver ted photon vs. Weizsäcker - Williams

            photon

2.  Good kinematics

(Energy of the g  beam is close to the energy of the valence q uark : �HYHQWV�DW�ZLGHU�DQJOHV�

3.  Highly polarized
                                                                                       g

                                                                                            beam

4.  These option s will be u nique to THERA complex and can not

            be realized at LEP*L HC.

Design problems can be overcome.

One might incr ease luminosity by cooling of p - beam and/or

"dynamic focusin g" of p - beam.

                                                                                       It is too good to leave!!