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COMPASS RICH-1

¥ COMPASS
ixed target experiment
at CERN SPS
beam: p* 160 GeV
2 . 108 p/spill
(duty cicle: 4.8 s/16.25s)

o LARGE acceptance (large size):

= 500 x 400 mrad

able to stand trigger rates, up to 100 KHz
minimize material

detectors:
sl MWPC

radiator:
C4F10

-
=3 o

Photon detection (until 2004):
5.3 m?2 MWPCs (8 chambers)
detector designed in 1996 with Csl photocathode
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The RICH-1 upgrade

« upgrade of RICH photon detectors:
completed for the 2006 COMPASS data taking
Two techniques:
e Central part equipped with MAPMT, UV extended glass window
-> photon detection range: 200-450 nm
o External part: new readout (APV) for the MWPC Csl
- 165-200 nm range

See F.Tessarotto talk
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The RICH-1 upgrade from the software point of view

: : _ RICH detectors
Two major points:

pT(ds

72x72

» Different geometry and 8 x8 mm?2

spatial resolution between

the central and external part SO
4848

- different characterization 12><1% mm?2
pads

* Different spectrum of 72x72

detected Cherenkov photons & 235} i

- two refractive index values
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RICH-1 software data flow

/'

External inputs

For physical _ |
analysis

RICH digits
on MAPMT and Csl

|

Clustering
(only for Csl MWPC)
reconstructed track B
' |
cluster position on PDs +
middle point of particle trajectory
(6c,,0) computation (Y-S recipe)
track refractive
momentum dex !
Ring
N recognition and
———— . PIb reconstruction

For detector
characterization

—
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Ring reconstruction

For each particle track, for all the photons we compute the

emission angles (Oqp,, ©):

* Scan in the O, distribution with a 36, size window
Ring defined from the window with the largest number of photons
MAPMT angles normalized to Csl angles
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Ring reconstruction

Advantages of the recipe: automatic handling
of the splitted rings:

small angle particles emit photons illuminating
both mirrors, reflected on the upper an lower
PDs, giving a full or partial ring in both parts
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Particle identification — Likelihood method

* PID relies on a Likelihood function, built from all the photons
associated to the particle

-> no reference to a reconstructed ring

L :ﬁ[SM(ej1¢J)+b(Qja¢J)
T Sy +B

Computed for
5 mass hypothesis M =¢, i, 7,K, p,

+ background hypothesis (no signal)
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Particle identification — Likelihood method

* PID relies on a Likelihood function, built from all the photons
associated to the particle

-> no reference to a reconstructed ring

L _ N ( J)+b(911¢1) M:e,ﬂ,ﬂ-,K,p
i1 Sy +B
S 1 (9 _®|v|)2
. 9'1 i) — : N ; 91
Signal term:|Su (6;,9;) x/ﬂagj exp[ 2/0; £(0;,9;)

®,, Cherenkov angle
from kinematics
for the mass hypothesis

Gej single photon
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Particle identification — Likelihood method

* PID relies on a Likelihood function, built from all the photons
associated to the particle

-> no reference to a reconstructed ring

L :ﬁ[SM(ej1¢j)+b(9j’¢j)
v i1 S, +B

M=e,urK,p

S )’
Signal term: SM(HJ-,(D,-)=\/2—7Z° -exlt{—2 - j'8(9j1¢j)

T

Signal number of photons

computed from Photon detection probability
Frank & Tamm equation: (pipe, dead zones...)

S, = N,sin’ @,
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Particle identification — Likelihood method

PID relies on a Likelihood function, built from all the photons
associated to the particle

-> no reference to a reconstructed ring

L :ﬁ[SM(91¢J)+b(01¢J) M:e”u’jz',K,p
v Sy+B |

Background term: detailed description of the background on the detector
surface, introduced as a map of the integrated cluster distribution

Before upgrade After upgrade
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Particle identification — Likelihood method

Background description

Before upgrade After upgrade
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Refractive index n-1

n-1 evaluated from data with
offline analysis

assuming pion mass hypothesis
for all the particles

guasi-online preproduction of
COMPASS data to fill a database

13



Refractive index n-1

n-1 evaluated only for a small fraction of data,
then predicted using measured values of temperature and pressure.

(n-1) ., from measured P, T
/continuous line

‘T 0.00155
=
0.00152

0.00149 o [(n-1)pT - (N-1)meas]/(N-1)meas

R R P Wi W =
"% e oo e
alootss = prediction at %. level
= 0.005
0.00142 -
E
0.00139™ 5450 22500 22550 < 0 i T
time (h)
-0.005
(n-1) eas from off-line data analysis
red dots
00175450 22500 22550

time (h)
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Number of photons

Contribution of signal and background

photons for each particle on
6 annular regions of photodetector

Before upgrade

After upgrade (MAPMT)
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Number of photons

N of photons vs 0,,: Frank & Tamm fit

Before upgrade
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RICH-1 RESOLUTION

single photon resolution Before upgrade:
2 Comparison of
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RICH-1 RESOLUTION

After upgrade, MAPMT part: much better scaling of Bring resolution
with number of photons (background contribution negligible)

Single photon resolution: Gring resolution:

<0,,- 0,>=2 mrad <Oyjng = 0,>=0.3 mrad
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PID with COMPASS RICH-1

Before upgrade: white distribution
After upgrade: yellow distribution
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Identification efficiency evaluated

on a

sample of kaons

PID efficiency for kaons
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PID efficiency for kaons

Also kaons under the Cherenkov threshold (p~9GeV/c)
can be identified, asking for particles identified as background

again use the sample of ®

ID “efficiency” for K below thr. > 90%
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PID in COMPASS

One of the most important COMPASS physics measurement,
AG/G open charm-signal, tagged via D? reconstruction:

D™ > D7, > K n'ry,

soft

D" > Dzl > Kzl

soft

D% mass spectra: S/B increased more than a factor 2

Before upgrade After upgrade
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Conclusions

 RICH-1 reconstruction software based on a simple recipe,;
easy handling of events of different complexity
(e.g. splitted rings).

 PID and ring reconstruction fully independent
and used for different purposes:
analysis or detector characterization.

 Complete detector characterization,
before and after the upgrade of the photon detectors:
fully satisfactory behavior of the upgraded RICH,
seen from all the relevant variables:
number of detected photons, resolution, efficiency.
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