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Introduction

CBM at FAIR: explore the QCD phase diagram in the region of high baryon density with A+A
collisions

Energy range (Au-Au) from 2 to 11 AGeV beam energy @SI1S100 (up to 35 AGeV @SIS300)
« EM probes

- Low mass vector mesons

- JV¥
- photons
- A
2 Quark-Gluon Plasma
= | sQGP
L
: . % Critical
| ldentify electrons ! 8 Point
. : . Quarkyonic
Hadronic Phase W 00
Matter  __ ==
Liguid-Gas

A Crystalline CSC
Meson supercurrent
Gluonic phase, etc

Nuclear Superfluid

Baryon Chemical Potential s
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Introduction

* Photons: access to early temperatures

. . . E T T T I T T T T I T T T T I T T T T I T T T T
- Excitation function T . | [A. Drees]
5 t 1) Dalitz-decays
* Low-mass vector mesons: in-medium "‘“$
properties of p z p.0
— Strength due to coupling to baryons (in O
HADES)
- Go to real dense matter
* Intermediate range: access to fireball radiation ' .- SIS 300
(in NA60): QGP, 4p- or r-a; chiral mixing JY
— Quarkyonic phase
* J/W: charm as a probe for dense baryonic /
partonic matter
- Propagation of charm . | :
. . Low- : Intermediate- : High-Mass Region
- Distribution amongst hadrons >10fm | T A
. R O a i i i
0 1 2 3 4 5
mass |GeV/c?|
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Introduction

« RICH detector for electron identification (CO, radiator,
glass mirrors, MAPMT plane)

« laterally scaled prototype built and successfully tested
in beamtests at CERN PS (2011, 2012, 2014)

40%x40 cm=

* Four-mirror test setup within the prototype: The mirrors ,
are remotely controlled, offering the possibility to induce e . —
misalignments e

TR

R

Radiator:

A
B
i
y §}
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Introduction

* CBM: high ring density environment & RICH will be moved

» Perfectly aligned and stable mirror system is prerequisite
for accurate and highly efficient ring reconstruction -

* Online mirror alignment control system required

* In case of misalignment: J

- Efficiency losses in ring reconstruction: ring splitting, ring fl |
distortion, double rings, ring-track mismatches o

- Misidentification due to distorted ring parameters
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Introduction

Detect misalignment: — —
- CLAM method Quantltatlve determination
See effects on: of misalignment: Correction routines:
- A&B axes, B/A - Using data: HERA-b
-dRrR - Hardware: CLAM
- Radius
* P T == '+ * fhDifferenceYUncorrected
4 i . 1000} [TADifierenceYUncorrecied |
4 - . r —— X Rot - 0 [mrad]
‘ | . 900" — XRot -2 [mrad]
r X Rot - 5 [mrad]
800: —— X Rot - 10 [mrad]
é 7002
g 600§
g soo; 1 1
2l ] |
z 3002 r
= |
100F
VR RIE AW

L
0 1 2 3 4 5

In case of misalignment, lines appear broken and
Difference in Y (fitted center - extrapolated track)

the targets are now displaced, with regard to the
external ones

i n
radius E 220 E
Lagend radius e 200 -E
= Ve 5o 2 180 w
E AMS 0.7665 =
= = 160
= =
= O
E =
—_ [
=

Phi_Ch [rad]
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Outline

ll. Qualitative control of mirror misalignment

1) Principle of the CLAM alignment control method
2) Test set-up in downscaled RICH prototype
3) Qualitative result and misalignment study

1)

2)
V.

1)
V.
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CLAM principle*

e Qualitative control measurement

— Grid of retro-reflective stripes
- llluminate grid with LEDs

- Record grid reflection through the
mirrors

« Perfect grid - alignment
 Broken lines — misalignment
« Quantitative position measurement
- Target dots on grid crossings

- Target dots on external frame

Mirror

Frame

Photo-multiplier

Mirror
Wall

External
Targets

Nikon Camera
surrounded
by LEDs

* Developed by the COMPASS experiment — Nucl. Instr. Meth. Phys. Res. A 553 (2005) 135
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CLAM principle

e Qualitative control measurement
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Prototype set-up and equipment

« Test setup in RICH prototype for beamtest at CERN Nov 2014

- CLAM camera
surrounded by 3 LEDs

Retro-reflective grid
&
Target dots at entrance

2o T —
I.
-

. ..‘
“:P_
o 1 . _

4

Four-mirror system

remotely controlled 40%40 cm~

D A um

15/02/2016 — Garmisch-Partenkirchen Jordan Bendarouach — FAIRNESS 2016 Page 11/34

)
|




Prototype set-up and equipment

* View inside the prototype

15/02/2016 — Garmisch-Partenkirchen Jordan Bendarouach — FAIRNESS 2016 Page 12/34



Prototype set-up and equipment

« 3 fixation points & 3 rotation axes

« 1,2 and 4 mrad displacements induced
for each measurement

« Event selection:

- Beam (e- and - @1-2 GeV) between mirrors
not focussed

- Approximate selection of events with beam
passing right between two mirrors with
finger scintillator detector
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Qualitative misalignment study

» Mirror system viewed by the CLAM camera and reconstructed rings

- Left: right after the reference alignment

(x, y,R n)=(8.1, 13?472 12) :
(%, ¥, A, B, 0, n, B/A)=(8.1, 13.8, 4.75, 4.69, 0.69, 12, n99)
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Qualitative misalignment study

» Mirror system viewed by the CLAM camera and reconstructed rings

- Left: right after the reference alignment

- Right: lower left mirror rotated by 4 mrad Backwards around Y axis

(X, V,R n)=(8.1,137,472,12) (x, y,R n)= (35144 4.30,14) |
(x, v, A, B, 0, n, B/A)=(8.1, 13.8, 4.75, 4.69, 069 12, 099) (x, vy, A, B, q;,n B/A)=(8.6, 143 4.65, 3.89, -1.55, 14, 034)
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Qualitative misalignment study

Entries

 Rotation of 1, 2 and 4 mrad backwards,
around Y axis. Foreseen impact on rings:

« Comparison

Bmean = 4.49 cm

35 4 45 5 bF
B axis [cml]

B axis distribution for
reference data set
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Qualitative misalignment study

Entries

 Rotation of 1, 2 and 4 mrad backwards,
around Y axis. Foreseen impact on rings:

« Comparison

Bmean = 4.49 cm

T

35 4 45 5 bF
B axis [cml]

B axis distribution for
reference data set
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Entries

®

T 2 | X

35 4 45 5  b5E
B axis [cm]

B axis distribution for 1 mrad
misalignment around RotY axis
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Qualitative misalignment study

Entries

Rotation of 1, 2 and 4 mrad backwards,
around Y axis. Foreseen impact on rings:

Comparison

Bmean = 4.49 cm

]

35 4

45 5 5=
B axis [cm]

B axis distribution for
reference data set
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Entries

®
o
Bmean = 4.37 cm RotY
Bmean = 3.99 cm
f;'“t-,
J—f ! H““‘H‘ et
r’ﬂf '
Ilrf . "i.ﬁ
; iy
JE— I
5 FERSEREIREF S ARSI TSRt 58 B | B § 118 35 4 45 Balxis [cr?]
35 4 45 3 a?{is [c”?]-E Limit at 4.25

B axis distribution for 1 mrad
misalignment around RotY axis
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4 mrad displacement:
Apply B axis cut to enhance
distorted rings sample, as it turns
out the finger scintillator had not
properly selected the events
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Qualitative misalignment study

> Impact on ellipticity

15
: B :
= _Increasyng el!lptl_cny with < - Ba histograms
increasing misalignment -
- |— Reference
- Application of cut to separate 12 1 mrad rotation
distorted from undistorted data - 4 mrad rotation
SElmRIEE — 4 mrad with cut |
. . . . N gl— e SRR
> Ring distortion into elliptic shapes B
and lower radius:
- Such rings are lost in later Bl
identification cuts! 5 :
> Keep distortions at minimum
3 ..............................................................
> Be able to correct -
$75 0.8 0.85 0.9 0.95 1
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Outline

1)
2)
3)

lll.Quantitative determination of mirror misalignment

1) Principle of the method

2) Quantitative misalignment measurements

1)
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Principle of the correction with data*

» Fitted ring center C' and extrapolated track hit C
« Calculation of Cerenkov distances 0., and angles @,

« Sinusoidal behaviour: 6_,=0,+A ®*cos(®_,)+A A*sin (P, )

* Developed by the HERA-B experiment — Nucl. Instr. Meth. Phys. Res. A 433 (1999) 408
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Principle of the correction with data

» Fitted ring center C' and extrapolated track hit C
« Calculation of Cerenkov distances 0., and angles @,

« Sinusoidal behaviour: 6_,=0,+A ®*cos(®_,)+A A*sin (P, )

AN

- : Cerenkov distances

— : Cerenkov angles ‘ﬂ’»

=== : Fitted circle o

+ : Photon Hits

PMT plane

8,= 0,+ AD* cos(®,,)+A L*sin (D)

Ch
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Simulation

tHCenterDistance
* Input parameters of the study: '
& = ' T — ] N
= 1 e- per event e [99’ 995] GeV _% $ggg§_ ......................................... ............................................ .................. _E
B = [ e o =
10 000 events xSl IR E— T—
° Misalignment of _0.75 mrad induced along Y aXiS % 1;33? ....................................... . ............................................ \. .................. _E
H000E- |- S B 3
Snﬂ;_ ........................................ ............................................ .................. _;
Eﬂﬂ% ....................................... ............................................ .................. _;
400 ; ........................................ ............................................ .................. _;
Enﬂ : ......................................... ............................................ .................. _;
0 0 2 4
Distance C-C'
fHCherenkovHitsDistribReduced

r— n
E i 3ﬁﬂ'flll ||||| _E
‘::l DS F | n LRI | LIEJ

=

H

=

rC':II

FE 0
=0.5

Phi_Ch [rad]
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Quantitative measurement

* Fitted parameters:
- X =arctan (A ®/Focal — length)

Y misatignmene =arctan (A &/ Focal —length)
- => 0.085 mradin X >

- = -0.724mradinyY 'V

misalignment

fHCherenkovHitsDistribReduced Fitted value of par[1]=Mean

e | lli III I |I | ||II II I?a: : Enriui 1B
| |I | |III =] [ 121
| JII III IIII —Fe - S 131

e F 'I —izn i

—iE0 0.1 -—

oz -

E —{1an -

; o 1= af

& oo

E

0z —=in o

EE
1

II||I||II|IIIII|II|II|I|||I|I|||| I [ T T T N T [ T I O O O O

] z | o 1 z ] | 2 1 a 1 2 |
Ll e | Phi_Ch [rad]

0.2

OE
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Limits of the method

Systematic analysis

- Minimum detectable misalignment: 0.3 mrad
- Maximum detectable misalignment: 12.22 mrad (= 0.7 deQ)

fHCherankovHitzDistribReduced

v Upper left: 0.3 mrad misalignment
around Y axis

v Lower left: 12.2 mrad misalignment
around Y axis

v Upper right: 0.3 mrad misalignment
around X axis

v Lower left: 12 mrad misalignment
around X axis

 Maximum reached, as difference
between C and C' becomes larger
than the ring radius

_--.

+F Tt o
I' ‘
" “
K c
\ "
t K
ss~~ ',4»
~ .+_ —+‘
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o
Bhi_Ch [rad]

fHCherenkovHitsDistribReduced

T CReTh @ fem]

[
Fhi_Ch [rad]
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fHCherankovHitsDistribReduced

]
Fhi_Ch rad]

fHCherankovHitzDistribHeduced

Tn_CheTh 4 fem|

o
Bhi Ch [rad]
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More results

» Misalignment of 0.3 deg on X axis and 0.5 deg on Y axis

- 4.88 mrad =0.28° in X
- 9.02mrad =0.52°IinY

e Beam between four mirrors

- Lower left: -0.2 deg along Y, lower right: 0.2 deg along X
- Upper left: -0.4 deg along X, upper right: 0.4 deg along Y

Fitted value of par[1]=Mean

e e T R
r Eniries 186
4_— Mean 5024
r AMS  5.185
3
[ | = Fitted sinusoid H {
C | —— Misalign in X = 4.882665 t
2| Misalignin ¥ =9.020197
L | —— Oifset = 0.574181
-4F
:IllllllIIII|IIII|IIII|IIII|IIII|I
-3 -2 -1 0 1 2 3
Phi_Ch [rad]
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[em]

Th_Ch-Th_0D

fHCherenkovHitsDistribReduced

= —160
= —140
= —{120
= _lioo
— —lso
E 1 | | 1 1 | | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1
-3 -2 — 0 1 2 3
Phi_Ch [rad]
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Outline

1)
2)
3)
1.
1)
2)
|VV.Correction of misalignment in data

1) First results

15/02/2016 — Garmisch-Partenkirchen Jordan Bendarouach — FAIRNESS 2016 Page 27/34



Correction routine

* Reconstruction sequence.

- Simulation with mirror misalignment

- Extract misalignment from data

- Implement misalignment info in the geometry file

- Run reconstruction with misalignment correction included
- Compare without and with correction

» First step: work with rings located inside mirror
(no edge effects are taken into account)

Y -
23 +7 e

4 A
74 3
Y3 .
’ \Y
> ' .
1
= 4 ------- -'C [
(¢} 1 1 I
8 ) C 1 I
() ) 1 ,
o <-+---t I 4
= e - J
o ~ 1 1 Xy
e . 1 —"¢
vV V+ Jl>x

Difference in X
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Number of entries

Correction routine

« Several rotations around X axis of the mirror tile:

Difference in Y Difference in X

1000

1000 L .................................... ........................ th:ifferenceYUn:cnrrecied

i — X Rot - 0 [mrad] 000 | DifferenceXUncorrected |
900 :_ .................................... ........................ I X HO‘ _ 2 [ml'ad] ~ -_ X F{Oi = 0 [ml'ad]
5 : : X Rot - 5 [mrad] 800 ' : — X Rot - 2 [mrad]

— X Rot - 10 [mrad] i 20} - ?[En;radlﬂ
— X Rot - 10 [mra

800

700 700

600 600 L .................................. .................................. ...........

500 | ................................... .................................... ____________________________________ 500__ ................................................. .................................. ...........

400 A— | R —

Number of entries

300 Pk fe .................................. .................................... .................................... 300 s

SO T I A T T 200 s [ I I HR

100 -} ................................... .................................... .................................... 100

L.-J_LéL.lJ 4i|||,i D||||i|||||||||||||

1 > . 5 ; 0 0.1 0.2 0.3 04 05
Difference in Y (fitted center - extrapolated track)[cm]  Difference in X (fitted center - extrapolated track)[cm]

0
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Number of entries

Correction routine

« Case of a bmrad misalignment around X:

Difference in Y before correction Difference in Y after correction
550 ; ; 5 ; ; 550

500 — ---------- l.. ------------------ ------------------ 500 L .................. .................. __________________

450 :_ _______________ __________________ .................. 450 __
400 :_ 400 i_ ............................................................................
= e H
170 SRR SR | SR S—— SSSRRRN L agg b
: : : : : - :
= o H
300 E_ """"" - - 300 g_ ............................................................................
250 O S N S @ 250 o OO TSSO OO SOOI WO |
= =
200 :_ ........ . = 200 E_ ............................................................................
= z fH
150 :_ ........ . 150 E_ ............................................................................
100 :_ ........ 100 E_ ............................................................................
50 :_ ....... 50 5

ﬂw_‘_uuﬂ_‘_.‘.llllllllll 0 |||_|||||||||||||||

0 1 2 3 4 5 0 2 3 4 5
Difference in Y [cm] Difference in Y [cm]

-

15/02/2016 — Garmisch-Partenkirchen Jordan Bendarouach — FAIRNESS 2016 Page 30/34



Number of entries

Correction routine

« Case of a bmrad misalignment around X:

Difference in X before correction Difference in X after correction
— : : : : : ﬁﬂﬂ

5580

550 T e
500 : : : : :

.........................................................................................

500 B T S W
450 : : : : :

.........................................................................................

450 H— oo S PO S
400
400 _ .................. .................. ..................
350
LT o I S I R S

300 z é é é é
3':"] _.- .................. . .................. '\..- .................. .

250 : 5 5 : :
25[’ _ .................. .................. ..................

||||||||IIIIIIIIIIIIIIT'H'r"H+rH-|-|

200

NMumber of entries

:_ ......................................................................................... 200 _ __________________ __________________ __________________
150 g_ ......................................................................................... 150 _ __________________ __________________ __________________
1':"] E_ ......................................................................................... 10‘] _ __________________ __________________ __ __________________

50; .................. .................. .................. 50 .................. .................. ..................

:ILI 1 | 1 | | 1 | 1 | 1 1 | 1 | 1 1 | 1 1 1 1 | ﬂ 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 | | 1 | 1 1 |

ﬂﬂ 1 2 3 4 5 1 2 3 4 5

Difference in X [cm] Difference in X [cm]
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Correction routine

Number of entries

15/02/2016 — Garmisch-Partenkirchen

Number of entries

700 =T ' ................................. f ................................. ' ................................ 1 ................................. j
BEO = s oo S P
(711 | = SRR ................................. ................................. .................................
550 H H H i
500
450
400
350
300
250
200
150
100
50

Case of a 3mrad misalignment around Y:
Difference in X before correction

s00 T LI s AL LI AL oo AR =

4
Difference in X (fitted center - extrapolated track) [CM]

Difference in X after correction

]IIII LI IIII|IIII]IIII 1111 IIII|IIII 111 IIIIIIIII[IIIIT

L AR S DA BRI
0 3 4 5

Difference in X (fitted center - extrapolated track)[cm]

=]
i+

Number of entries

Number of entries

550 =
500 =

450
400

350 E

300
250
200
150
100

Difference in Y before correction

05 1 1.5 2
Difference in Y (fitted center - extrapolated track) [CM]

Difference in Y after correction

400

200

500

300E | — — S— E

) S N — — — E

R S SO NP S S S Sl (S TR S T SR Y SO T

B

0

(=]
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05 1 15 2
Difference in Y (fitted center - extrapolated track)[cm]
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Summary

» Qualitative determination of misalignments using CLAM

fHCherenkovHitsDistribReduced

[em]

- Broken lines

Il
tn

Th_Ch-Th_0

- Impact on ring parameters

(=]
T T T T T

* Quantitative determination of misalignment and correction

- Performances of the technique

fHCherenkovHitsDistribReduced

- Presentation of a first correction cycle

« Solid ground from which expansion and addition of correction
routines is possible

Th_Ch-Th 0 fem]

- Include and compare reconstruction, track-ring matching

efficiencies
- Tests under different conditions nDiforenceYUncorectd
« Next: apply photogrammetry with CLAM algorithm to o 53555555551
guantify misalignment and compare with results from | — Xt ol

shown technique

Number of entrie
@
8
8

)
J‘L.\‘.H\

0 ‘ 1 ‘ - 2 e 3 4 5
Difference in Y (fitted center - extrapolated track)
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