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The DESY Rings

HERA

PETRA

DORIS

HASYLAB

DESY

Halle NORD (H1)
Hall NORTH (H1)

Halle OST (HERMES)
Hall EAST (HERMES)

Halle SÜD (ZEUS)
Hall SOUTH (ZEUS)

Halle WEST (HERA-B)
Hall WEST (HERA-B)

Elektronen / Positronen
Electrons / Positrons

Protonen
Protons

Synchrotronstrahlung
Synchrotron Radiation

HERA

820/920 GeV p

30 GeV e

6 km circumf.

ZEUS: e-p

H1: e-p

HERA-B: p

HERMES: e

Pre Accelerators
Elektronen / Positronen
Electrons / Positrons

Protonen
Protons

Synchrotronstrahlung
Synchrotron Radiation

HERA

PETRA

DORIS

HASYLAB

PIA

DESY II

DESY III

L
IN

A
C

 I
I

HERA-Halle West
HERA-Hall West

LINAC III
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Goal of HERA B

Detection of CP-violation in the B-System

Af =
�(B0
!J= K0
S
)��(B0
!J= K0
S
)

�(B0
!J= K0
S
)+�(B0
!J= K0
S
)
=

sin(2�) � sin(xt=� )

Di�erence in decay rates due to interference of

two di�erent decay amplitudes:

B
0 J= K0
S

B0

Well-de�ned test of Standard Model.

Excluded by
B   mixings

from ε

from B   mixingd

Allowed

-0.6     -0.4       0.2         0         0.2       0.4       0.6
ρ

0.8

0.6

0.4

0.2

η

m  = 170±15 GeVt

γ β

from
V    
V

ub

cb

α
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Principle of a Halo Wire Target

co
llim

at
or

 o
r a

pe
rtu

re
 li

m
it

Betatronamplitude S

ρ

no wire

with wire in the halo

WIRE

D
en

si
ty

Diffusion

M
ul

tip
le

 S
ca

tte
rin

g

E�cient competition with collimators needed !

What is limiting the e�ciency ?

Di�usion of Halo Protons

requires: small vD and large Z

(fast absorption)

Multiple Scattering in Target

�� = �2�; � = 14 MeV/p
q
Xint=Xrad

requires: small �-function, low Z

K. Ehret - HERA-B Target Beauty 99 printed 16. Juni 1999 8

Multiple Scattering dominated Target

HERA-B target is dominated by multiple scattering

we disturb the p-beam, scrape away p's ! reduce �p

x

x’

dN
/d

t ~
 1

/s
qr

t(
W

**
2 

- 
x*

*2
)

x0

dN/dt (x=0) ~ 1/W

ta
rg

et
 w

ire

ap
er

tu
re

T

angular smaering due to mult. scatt

< �2 >=
�
14 MeV

p

�
�I
X0

e.g. Al �I = 40 cm,X0 = 9 cm

!< �2 >=(35�rad)2

natural beam divergence x0:

�2
x0
= �x=�x � (10�rad)2

with �x;y � 35m

and �x;y � 4 � 10�9radm

� smearing of betatron amplitude by 3:::7�

! protons are scattered outward

! hit probability on target reduced

� more wires didn't help to increase the e�ciency

! �t didn't add up, one gets the mean

� .low Z targets more e�cient

� .small � functions required

� .enough free aperture (3 �) necessary
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TaCoS - Target Control System

E
th

er
ne

t 
(T

C
P

/IP
)

UNIX-WS Ly
nx

O
s 

V
M

E
 C

P
U

TARGET
DATABASE
SERVER

R
S

23
2-

IF
 (

G
P

IB
)

V
M

E
-S

ca
le

r GUIF:
TCC

UNIX-WS

Counter Electronics:
HV, Amplifier,
Discriminator &
Coincidences

Target 
Counter 50 m cable

Controller (Phytron)
for Stepping Motors

Power Stage
for Stepping Motors

Endswitch-Box

Stepping
Motors

End-
switches 

50 m cable

Not
Aus

Info-Exchange
Monitoring

Functionality: feedback from counters,

multiwire handling, beam �nding,

easy and secure user interface,

data logging, monitoring & data exchange

Safety: main design issue - avoid p-loss and damages

Basic steering: very simple

- rate too high: retract wires

- rate too small: move wires closer to the beam

- wire selection: e.g. feedback from charge

integrators

Implementation & Features: - statemachine

- nominell stepsize: 50 nm (necessary � 1�m)

- calculation of stepsize

- GUIF: TargetControlCenter (TCC)

- and many more (monitoring, safety, ...)

K. Ehret - HERA-B Target Beauty 99 printed 16. Juni 1999 10

Target Operation

� high rates (40 MHz) achieved, �T � 60%

� reliable, secure multiwire automatic

� small background at other experiments

10

20

30

40

-5

0

5

60

70

1

10

12 14 16 18
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Ground-vibration

caused by heavy work in the Volkspark Stadion

� � 1:6 sec - ground motion measurement

no problem for e-p Lumi experiments

regular observed and correlated

0

50

100

-5.7

-5.6

-900

-800

-2850

-2800

-2750

0.025

0.05

0.075

6.5 7 7.5 8
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Beam Excitation

HERA-B has rather a beam than a halo target

- reduction of p-lifetime (10...100)

Together with HERA we developed proposals how

to produce more halo protons without disturbing

the beam core (beam tail shaping)

RF-Noise: amplitude noise at 2� or 4�

synchrotron-frequency (30/50 Hz)

synchro-betatron coupling (due to dispersion)

spectral width: 10 Hz, amplitude 10�5:::10�4URF

Tune-Modulation: excite quadrupol magnet with

some frequencies (50 Hz...1.5 kHz). This gives

sidebands & add. resonances (tune depends on S).

! beam excitation m �Qx;y + n � fmod

frev

= k

Dipole Kicks: with feedback kicker on 3. resonance

of betatron-frequency (maybe noise)

! increase halo population

without blowing up beam core

! �rst tests in 1998

! now with noise from CD

K. Ehret - HERA-B Target Beauty 99 printed 16. Juni 1999 15



Tail Shaping - Feedback kicker

fex = 41:410� 0:005kHz
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Multi-wire Operation

feedback : using charge integrators connected to

wires for wire selection

performance : looks very promising

- technical parts of steering code �ne

i.e.: able to handle di�erent situations

emergencies are working

- performance: reasonable good with respect to

what one expects

ToDo : detailed analysis and understanding of rate

distribution (width)

- investigation of sensitivity to wire displacement

Running Conditions : Pretty Fine

- stable rates

! multi-wire shows less uctuations -

backgrounds at other experiments stable (CB)

- but: CB contributions of several MHz

Further Plans : Use Vertex Info - SLT/TLT

! �nal system

K. Ehret - HERA-B Target Beauty 99 printed 16. Juni 1999 17



Measuring Bunch Contributions

HERA p-bunch �lling scheme:

bunch distance: 96 nsec, bunch length: 0.5 nsec

1 71 141 220

HERA Bunch Filling Scheme: 
3 * (6 trains plus 4 free RF-buckets)

each train with 10 filled and one free bucket

bx-number

How it should be: I inner 30 MHz

10
-3

10
-2

10
-1

0 100 200 300 400 500 600 700 800 900
Arbitrary number

bu
nc

hc
on

f1
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Bunch Structure - 3 States
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What is Coasting Beam ?

longitudinal beam dynamics

synchrotron oscillations and the seperatrix

(just like a pendelum)
U_rf

t

dE

φ

HERA parameters :

� natural beamwidth �E=E � 6 � 10�5

� seperatrix at �E=E � 2 � 10�4

� momentum acceptance at �p=p � �10�3

� synchrotronfrequency fs � 30=50 Hz

� RF-system: 52 MHz and 208 MHz

� growth of longitudinal bunchlength: 50%/10 h

� dispersion at target (Dx = � 0:47 m):

�x = Dx ��E=E

Target Measurements: non BX related i.a.

� large on outer side, small on inner side

� several � broad transversal tails

� population increases with age of �ll

� strong correlations with backgrounds/spikes

K. Ehret - HERA-B Target Beauty 99 printed 16. Juni 1999 23



C
o
a
st
in
g
B
ea
m
-
Im
p
a
ct
s
&
C
u
re
s

E
-l
o
ss
in
T
a
rg
e
t:
�

20
0
M
eV
/�
in
t

su
�
ci
en
t
to
m
ak
e
so
m
e
p
u
n
st
a
b
le

!

n
ot
th
e
m
ai
n
co
n
tr
ib
u
ti
o
n

P
ro
d
u
c
ti
o
n
in
H
E
R
A
:
o
b
se
rv
ed
en
d
19
98

b
u
t
n
o
t
ye
t
u
n
d
er
st
o
o
d
(R
F
-n
oi
se
,

sy
n
ch
ro
tr
o
n
ra
d
ia
ti
on
,
in
tr
a
b
ea
m
sc
at
te
ri
n
g

..
.)

m
e
a
su
re
s
a
g
a
in
st
C
B
:
.

-
in
cr
ea
se
R
F
a
m
p
li
tu
d
e
U
R
F

-
k
ic
k
co
a
st
in
g
p
's
in
d
u
m
p
ga
p

-
m
o
d
i�
ca
ti
o
n
s
o
f
o
p
ti
cs
:
�

an
d
d
is
p
er
si
on
an
d
sc
ra
p
e
w
it
h
co
ll
im
at
or
s

-
a
cc
el
le
ra
te
a
n
d
d
ea
cc
el
er
a
te
p
b
ea
m

K
.
E
h
re
t
-
H
E
R
A
-B
T
a
rg
et
B
ea
u
ty
9
9

p
ri
n
te
d
1
6
.
J
u
n
i
1
9
9
9

2
4

B
ea
m
st
u
d
ie
s
C
o
a
st
in
g
B
ea
m

E
x
ci
te
n
on
�
ll
ed
b
u
n
ch
es
w
it
h
fe
ed
b
ac
k
k
ic
ke
r

10
-3

10
-2

10
-1

20
0

40
0

60
0

80
0

-
m
om
en
tu
m
co
m
p
.
fa
ct
or
�
�

1
:3
�
10
�

3

-
d
L
=L
=
�
�
d
p
=p

!

T
C
B

�

80
se
c
to
tr
av
el
on
ce
ar
ou
n
d
b
ea
m

-
li
fe
ti
m
e
of
p
in
v
ic
in
it
y
of
ta
rg
et
:
�

se
c

K
.
E
h
re
t
-
H
E
R
A
-B
T
a
rg
et
B
ea
u
ty
9
9

p
ri
n
te
d
1
6
.
J
u
n
i
1
9
9
9

2
5



S
ta
tu
s
&
C
o
n
cl
u
si
o
n
s

�

H
E
R
A
-B
ta
rg
et
is
in
co
n
ti
n
u
o
u
s
o
p
er
at
io
n

�

m
o
st
es
se
n
ti
a
l
p
ro
b
le
m
s
(s
te
er
in
g,
� T
,

b
ac
k
gr
ou
n
d
s
..
.)
a
re
so
lv
ed

�

ra
te
st
ab
il
it
y
is
st
il
l
a
p
ro
b
le
m
(e
�
ci
en
cy
lo
ss
):

sc
ra
p
in
g
at
th
e
b
ea
m
ca
u
se
s
la
rg
e
se
n
si
ti
v
it
y

!

b
ea
m
ta
il
sh
a
p
in
g

�

va
ri
a
ti
o
n
of
in
d
iv
id
u
a
l
b
u
n
ch
co
n
tr
ib
u
ti
o
n
s:

!

im
p
ro
ve
d
in
je
ct
io
n
ti
m
in
g
(H
E
R
A
)

!

b
ea
m
ta
il
sh
a
p
in
g

�

ta
rg
et
d
is
co
ve
re
d
co
as
ti
n
g
b
ea
m
at
H
E
R
A

se
ri
ou
s
p
ro
b
le
m
w
it
h
st
il
l
m
an
y
op
en
q
u
es
ti
on
s

n
o
n
li
n
ea
r
b
ea
m
d
y
n
am
ic
s
&
ch
a
o
s

�

ta
rg
et
ve
ry
se
n
si
ti
ve
d
ev
ic
e
fo
r
b
ea
m
d
ia
gn
os
ti
c
to

st
u
d
y
b
ea
m
d
y
n
am
ic
s
(t
og
et
h
er
w
it
h
H
E
R
A
-B

d
et
ec
to
r)
:

h
a
lo
p
op
u
la
ti
o
n
,
d
i�
u
si
on
,
in
st
ab
il
it
ie
s,
..
.

�

T
a
rg
et
is
re
a
d
y
to
p
ro
d
u
ce
B
ea
u
ty

K
.
E
h
re
t
-
H
E
R
A
-B
T
a
rg
et
B
ea
u
ty
9
9

p
ri
n
te
d
1
6
.
J
u
n
i
1
9
9
9

2
6


