HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

1

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

2

Some basic reflections on the emittance measuremen in the cooling channel

Some people know what I am goingto tell you.

However, I realized that some (even intelligent) people do not know.

1) How to measure

Some basic thoughts on emittance measurements to check the performance of a

(short) cooling channel

2) What to measure x,x´ y,y´ x,y´ or�

Single particle, multi particle ???

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

3

Some basic thoughts on emittance measurements to

check the performance of a (short) cooling channel

Beam

Cooling Box

Emittance

measurement 1

Emittance

measurement 2

Version 1

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

4

Some basic thoughts on emittance measurements to check the performance of a (short) cooling channel

Version 2

Beam

Cooling Box

Emittance measurement 1

ON

Beam

Cooling Box

Emittance measurement 2

OFF

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

5

Version 1 calls for identical (absolute) measurements in

positions 1 and 2 . Version 2 calls for the possibility to

switch off the ^cooling box~, i.e. to turn off the rf

cavities and take out the H

2 absorbers (or to take out the

whole line).

As the rf cavities are likely to influence the focussing,

the solenoids need to be readjusted (ACCORDING TO

WHICH CRITERION?).

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

6

2) What to measure

Remembering Kirk McDonald´s statement at our last meeting in Chicago:

We need 21 parameters to define a 6D hyperellipsoid

How many do we need to characterize a non ellipsoidalshape?

What shape?

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

7

Take one particle at the edge of the distribution...

x x ´

y y´

+ +

j

E

+

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

8

�itis obviously NOT in the acceptance of a round vacuum chamber

+ x

y

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

9

Take one particle at the edge of the distribution...

x x ´

y y´

+ +

j

E

+

If a particle is in the ^acceptance~ ellipse (i.e. theprojection

of the 6D hyper ellipsoid onto a specific plane), this isnot

a sufficientcondition to be inside the 6D hyper ellipsoid.

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

10

Bad distribution

Good distribution

x ´ x x

x ´

y´ y´

y y

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

11

Example in a 2D case:

Do not claimthe red ellipse is ^cooled~!

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

15

x,y position x,y position

x,y position and time

Bending magnet

How to measure the 6D coordinates of a single particle?

A B

C

A and B gives transverse coordinates,C (togetherwiththe fieldmap of the bendingmagnet) the longitudinal coordinates. Needs measurements which work inthe specific environment and are ^transparent~�

Note: They are not inrf or solenoidal fields!

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

16

Let us forget for the moment about measurements

in 6D

There might be an alternative way to measure the

effect of a (small) cooling factor for many

particles in 4D:

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

17

This arrangement measures the 4D volume and not projections!

Beam

Cooling Box

Emittance

Intensity measurement

Solenoidalchannel with some well defined acceptance

If cooling - at least of the core of the beam - is achieved: transmission will be increased if cooling box is ON.

To measure intensity to 1% should be fairlyeasy!

ON/OFF

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

18

This layout has clearly no well defined acceptance in

longitudinal phase space. R. Garoby suggested to add rf

cavities to the solenoidal transport line to define also the

longitudinal acceptance. Unfortunately longitudinally not

accepted particles may not be lost. In this case some kind of a

spectrometer line might be necessary in addition (plus some

phase/timing measurement). The cost in any case would be

considerably higher.

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

19

Conclusion:

1) Abandon the idea of multiparticlemeasurements

2) Concentrate onwhat canwork for single particles in the neighborhood of rf, solenoidal fields and some other radiation�

Make it sufficientlytransparent!

HelmutHaseroth

Workshop on Instrumentation for Muon Cooling Studies

Blackett Laboratory, Imperial College, 23-24 February 2001

20 x,y position x,y position x,y position

and time

A B

C

It is fairly simple.

(If you disagree make a simpler proposition!)