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September 11 – 16, 2011 
 

Dear Summer School Participant, 

Having provided you with some detailed information about our school in our first circular, this final 

circular is intended to give you a short overview on the program and some info on weather and clothing. 

Program & Schedule 

Link to INDICO-page with timetable:  

https://indico.desy.de/getFile.py/access?resId=7&materialId=5&confId=4039 

Link to INDICO-page with program of parallel sessions: 

https://indico.desy.de/getFile.py/access?resId=6&materialId=5&confId=4039 

Weather & Clothing 

The Chiemsee is located at 518 m above sea level and due to its special micro-climate the weather 

may change unexpectedly. 

The temperatures in September vary from a maximum of 15-23 degrees Celsius during the day to 7-12 

degrees Celsius during the night. 

We advise you to bring some warm, wind- and rain-proof clothes, sturdy shoes, and sun protection 

especially for the hiking excursion which will take us to 1467 m above sea level. 

Summer School Address 

Summer School ‘Symmetries, Fundamental Interactions & Cosmology’ 
c/o Abtei Frauenwörth 
D- 83256 Frauenchiemsee 

Phone: +49 8054 - 90 70  Mobile: 0175 – 72 50 985 (only Sept.10.-16.) 
Fax: +49 8054 - 79 67  E-Mail: lugert@uni-mainz.de; fischer@kph.uni-mainz.de 

Please note that we are on an island! For the nearest shop you will need to leave the island by boat 

and take a 30 minutes walk to the city center of Prien.  

Please make sure to carry any essential medication with you! 

Presentations 

Please prepare your talk as pdf-file, which will be uploaded on a conference laptop prior to your talk. 
 
For University Mainz employees and students: 
For those of you, who have not yet done so, please fill in a travel request form (Dienstreiseantrag) 

promptly! 

If you can offer a ride in your car from Mainz to Chiemsee, please let the organizers know! 
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The COMPASS Experiment

The COMPASS Experiment

I COmmon Muon and Proton Apparatus for Structure and Spectroscopy

I Located at SPS at CERN

2.4% K−

97% π−

190 GeV/c

CEDARs
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Large Angle Spectrometer

RICH

Small Angle Spectrometer
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COMPASS

The COMPASS Experiment

Example: Kππ analysis

Analysis of diffractive dissociation of K− into K−π+π− on a liquid hydrogen
target at the COMPASS spectrometer, PhD Thesis P. Jasinski (JGU Mainz)
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Only 40% of the beam kaons used for analysis
Bad efficiency of particle identification in the CEDARs
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Beam Particle Identification

How does a CEDAR work?

I CEDAR = ČErenkov Differential counters with Acromatic Ring focus

I Fast charged particles emit Čerenkov light with angle cos(θ) = 1
nβ

PMT

PMT

K
π

quarz window diaphragm lense

condenser corrector vapour-deposit mirror
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Beam Particle Identification

How does a CEDAR work?

I Čerenkov light detected with 8 PMTs

I Particle identification using multiplicities, e.g. 6 of 8 PMTs cos(θ) = 1
nβ

PMT

PMT

K
π

quarz window diaphragm lense

condenser corrector vapour-deposit mirror

Tobias Weisrock (JGU Mainz) 21. März 2012 3 / 17



COMPASS

Beam Particle Identification

Influence of Beam Divergence

I Kaon ring leaves acceptance, pion ring enters

⇒ Multiplicity method does not work for divergent beams

Goal

Find a better method to take divergence into account
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COMPASS

New: Particle Identification using Likelihoods

General Idea

I Look at PMT response for Kaon and Pion seperately

I Take beam divergence into account

I Identify beam particles using likelihoods

5 steps to take

1. Measure beam divergence

2. Create a pure Kaonsample and a pure Pionsample

3. Determine probabilities to have hits in PMTs for Pion and Kaon

4. Calculate likelihoods from probabilities

5. Use likelihoods to identify particles
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COMPASS

New: Particle Identification using Likelihoods

Step 1: Measure beam divergence

I Measure beam position in front of (x1, y1) and behind (x2, y2) CEDARs

I Calculate relative displacement ∆x = x2−x1

1283,4 cm

I Divergence θx = arctan(∆x) ≈ ∆x
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New: Particle Identification using Likelihoods

Step 2: Create a pure Kaonsample and a pure Pionsample

Create a Kaonsample and a Pionsample

I Kaonsample

→ Use free Kaon decay K− → π−π−π+

I 3 outgoing particles with correct charged
I Primary vertex outside of the target
I Cut on transverse momentum and Kaon mass

I Pionsample

→ Use diffractive production π−p→ π−π−π+p
I 3 outgoing particles with correct charge
I Primary vertex inside the target
I Small angle to beam direction

In addition: Produce a Beamsample without any filtering for testing the
method

Tobias Weisrock (JGU Mainz) 21. März 2012 7 / 17



COMPASS

New: Particle Identification using Likelihoods

Step 3: Determine probabilities to have hits in PMTs for π and K

Example: Probability that a particle with divergence θx, θy that produces a
signal in PMT i is a Kaon

→ Use Bayes’ Theorem:

Pi
θx,θy

(Kaon|Signal) =
Pi
θx,θy

(Signal|Kaon) · Pθx,θy (Kaon)

Pi
θx,θy

(Signal)

Here:

Pi
θx,θy

(Signal|Kaon): Probability that Kaon at θx, θy

produces signal in PMT i
(→ Kaonsample)

Pθx,θy (Kaon): Probability that Kaon has diver-
gence θx and θy

(→ Kaonsample)

Pi
θx,θy

(Signal): Probability that signal in PMT i ist
produced at θx, θy

(→ Beamsample)

Tobias Weisrock (JGU Mainz) 21. März 2012 8 / 17



COMPASS

New: Particle Identification using Likelihoods

Step 3 continued

Pions and Kaons have the same divergence distribution:

Pθx,θy (Kaon) = Pθx,θy (Pion) = Pθx,θy (Beam)

⇒ Pi
θx,θy

(Kaon|Signal) and Pi
θx,θy

(Pion|Signal) have same normalization

factor
Pθx,θy (Beam)

Pi
θx,θy

(Signal)
, thus

Pi
θx,θy

(Kaon|Signal) ∝ Pi
θx,θy

(Signal|Kaon)

Pi
θx,θy

(Pion|Signal) ∝ Pi
θx,θy

(Signal|Pion)

Also calculate

Pi
θx,θy

(Kaon|Signal) and Pi
θx,θy

(Pion|Signal)
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New: Particle Identification using Likelihoods

Pi
xy(Signal|Pion) ∝ Pi

xy(Pion|Signal)
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Pi
xy(Signal|Kaon) ∝ Pi

xy(Kaon|Signal)
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COMPASS

New: Particle Identification using Likelihoods

Step 4: Calculate likelihoods from probabilities

To obtain the log likelihood just add logarithms of probabilities

log L(Kaon) =
8∑

i=1

log Pi
θx,θy

(Kaon|Signal) · ηi

+
8∑

i=1

log Pi
θx,θy

(Kaon|Signal) · (1− ηi)

Where:

ηi =

{
1 Signal in PMT i

0 no Signal in PMT i
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COMPASS

New: Particle Identification using Likelihoods

Kaonsample
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New: Particle Identification using Likelihoods

Pionsample
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COMPASS

New: Particle Identification using Likelihoods

Step 5: Use likelihoods to identify particles

I Compare log likelihoods to get an ID for each CEDAR:
I log LK > log Lπ + A ⇒ PID K
I log Lπ > log LK + B ⇒ PID π
I else no PID given

I Tune A and B due to efficiency/purity.

I Combine CEDARs afterwards with OR combination

C2 \C1 ? π K

? ? π K
π π π ?
K K ? K
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COMPASS

Performance of the New Method

Particle Identification in the Beamsample

no ID π K
0
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PID using Bayesian Method

Bayesian Method with OR
combination and A = 0.1:

I 22.8% no ID
I 21% too large divergence
I 1.8% no decision

I 75.7% Pions

I 1.6% Kaons

→ 65% of beam kaons
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Performance of the New Method

Comparison with Majority Method
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Comparison between different Methods

I Most of majority Kaons
reproduced as Kaons (771 of
932)

I 514 additional Kaons from
majority Pions

I Additional Kaons have large
divergence

Tobias Weisrock (JGU Mainz) 21. März 2012 16 / 17



COMPASS

Performance of the New Method

Comparison with Majority Method

18892 110

62300 45

599 777

Majority
π K

B
ay

es

no ID

π

K

210

310

410

Comparison between different Methods

I Most of majority Kaons
reproduced as Kaons (771 of
932)

I 514 additional Kaons from
majority Pions

I Additional Kaons have large
divergence

Tobias Weisrock (JGU Mainz) 21. März 2012 16 / 17



COMPASS

Performance of the New Method

Comparison with Majority Method

18892 110

62300 45

599 777

Majority
π K

B
ay

es

no ID

π

K

210

310

410

Comparison between different Methods

I Most of majority Kaons
reproduced as Kaons (771 of
932)

I 514 additional Kaons from
majority Pions

I Additional Kaons have large
divergence

Tobias Weisrock (JGU Mainz) 21. März 2012 16 / 17



COMPASS

Performance of the New Method

Comparison with Majority Method
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Performance of the New Method

Summary

I COMPASS hadron beam consists of 97% Pions and 2.4% Kaons

I Pions and Kaons have to be identified for analyses

I Majority method identifies 40% of the Kaons
I Problems with divergent beams

I Likelihood method improves identification for divergent beams
I Identifies 65% of the Kaons
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Performance of the New Method

BACKUP
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Performance of the New Method

Beamsample
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COMPASS

Performance of the New Method

Pi
xy(Signal|Pion) ∝ Pi

xy(Pion|Signal)

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Hit in Cedar 2, PMT 0

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 1

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 2

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 3

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 4

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 5

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 6

radµ in xθ
-250 -200 -150 -100 -50 0 50 100 150 200 250

ra
d

µ
 in

 
yθ

-250

-200

-150

-100

-50

0

50

100

150

200

250

Hit in Cedar 2, PMT 7

Tobias Weisrock (JGU Mainz) 21. März 2012 20 / 17



COMPASS

Performance of the New Method

Pi
xy(Signal|Kaon) ∝ Pi

xy(Kaon|Signal)
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Hit in Cedar 2, PMT 2
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Hit in Cedar 2, PMT 4
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Performance of the New Method

A-Dependence of Kaon Identification

log LK > log Lπ + A⇒ PID K
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Performance of the New Method

PMT correlation between CEDAR 1 and CEDAR 2

I Beamsample

I Look at “matrix” PMTij

I Clear correlation visible

7062 6147 4161 1959 1299 1506 2680 4993

6341 8500 6626 3609 1600 1335 1787 3990

3782 5690 6404 3858 1720 1195 1332 2233

2184 3837 4831 5422 3268 2150 1770 1553

1319 1542 1837 2758 5470 5073 4313 2182

1481 1343 1230 1774 5267 7292 6636 3399

2096 1418 1148 1224 3412 5179 6341 4212

4027 3015 1949 1107 1898 2885 4263 5619
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Performance of the New Method

PMT efficiencies

I Take Kaonsample

I Choose Events with
θx, θy < 30µrad

I All 8 PMTs in both CEDARs
expected to have a signal

I PMTij should be uniform

110067 108039 110103 107162 106692 107612 109628 108138

114500 116612 118041 112596 111026 114662 116305 112847

99326 101214 105975 100407 97389 99921 103416 100007

113526 113513 119257 117527 113264 113982 117384 115018

101020 99999 103616 102493 103417 103864 104267 101128

102276 103305 106050 102551 103405 108768 109193 103294

89512 89673 94126 90415 88594 92743 97265 92981

89360 87843 91498 89397 87084 88547 92335 91880
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