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AD detector

» Study of diffractive physics is of a great interest topic for LHC CERN.

* ALICE have an excellent tracking and particle identification, providing a good capabilities to investigate

diffractive production as can be seen in [2] [3] ,proving that is possible to measure single and double
diffractive processes.

* ALICE Diffractive was designed to improve the sensitivity of ALICE increasing the pseudorapidity coverage
of the experiment.
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Mechanical desigh and geometry

 Plastic scintillator: BC-404

« WLS bars: ELJEN (EJ-280)

 Optical fibers: Kuraray (PSM-Clear)

* PMTs: Hamamats- R5946 (16 dinodes)
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Beam-test Setup

- Were used two kind of detectors for trigger:
1) Scintillator hodoscopes — Black-Left and Black-Right
2) Cherenkov radiators — T0-end and TO-start

- In a special run were measured the properties of the WLS bar using a pixel detector.

- The momentum of the beam is 1 GeV/c for all the runs except for the pixel run, was set at 1.5 GeV/c.

- Were used an ADA and ADC modules, labeled as AD1 and AD2 respectively.

Black-Left Black-Right

Front End
Electronics
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Front End Electronics
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The electronics used to measure the signals during the beam-test is
the same that is installed in the ALICE experiment, which is currently
been used by ALICE-Diffractive and VO detectors.

04/11/17



Beam-test Setup (table positions)

- In the table below can be seen: Y (mm)

v The table positions.

v TO detector overlap area. 3405

v Collimator aperture.

v Beam momentum 260 |
-The fiber length used for the test was 145
47 cm.,

-Were done scans along the Y and X 0
axis respect to the points shown in the
the draw shown at the right.
No. Section 2 ?%sni:;on v ?&sr:;on
1 Center 825 260
2 Border 827.5 348
3 Conn. 1 959.5 159.5
4 Conn. 2 959.5 340.5
5 Fibers 1355 245
6 PMT 1380 260
Pix. Detector 827.5 152
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' 2 Pixel

' Detector

(o)}

825 959.5

Collimator
(mm)

24
40
24
24
24
24
5

TO overlap
(mm)

L N = N )

>

1355 1380 X (mm)

Momentum
(GeVic)

1
1
1
1
1
1
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Efficiency and charge plots
Scan a long the center

Scan Plastic Scintillator (Y-axis)

Scan Plastic Scintillator (X-axis)
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80— - L
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60— [ADT modulé (ADA] —16 60— DT module (ADA) 6
I~ " Efficiency B Efficiency
B = Charge 13 B = Charge 5
I Size= 192.32+0.40 mm ~ Size= 220.03+0.35 mm
40— 0, o= 8.650.00 mm —14 40— o= 11.2720.00 mm 4
- ; Gryy= 8.81:0.00 mm - Oggp= 11.36:0.00 mm
- [AD2 module (ADC) 3 B 3
B —— Efficiency B
20— Charge —2 20— 2
= Size= 192.49+0.32 mm = Size= 219.93+0.35 mm
— = 8:5040.16 mm —1 - O p= 11.36£0.26 mm 1
B o 6*9' =81 6i050mm T B T g gttt e Sy
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mm mm
Efficiency calculation :
Eﬂ'iciency _ NT(}—sta.rt A NT(}—cnd A NAD Y (mm) t
NT(}—st.a.rt. A\ NT‘(}—cnd 3405
6
- - - - - - 5
Was fitted a Cumulative gaussian distribution to the borders : 260 -
—(t—ut) P
1 252 164.5 :
DZF(X|H,CF]' = [ e dt : 2 ipixel
a '\% of —en iDetector
Charge calculation : 0 —=nnee e ETT
Where selected Time#0 events.
Was fitted a Landau+Gaussian distribution and MPV value was taken
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Efficiency and charge plots
Scan a long the center

Scan Plastic Scintillator (Y-axis)
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B i _lg
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i~ Efficiency
B 7= Charge —5
B Size= 192.32+0.40 mm
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B Gy = 8.81:0.00 mm
B AD2 module (ADC) —13
B —— Efficiency

20— Charge —12
~ Size= 192.49+0.32 mm
I~ O op= 8.50£0.16 mm —1
= Opgy,= 8-16£0.50 mm :

?00 150 200 250 300 350 40[9

mm

The mean of the borders of both modules
allow us to estimate the size of the modules.

X-axis length (mm) Y-axis length (mm)

Real 216 181
AD1 220+ 0.35 192.32+0.4
AD2 219.9 + 0.35 192.49 + 0.32

An estimation* of the beam size was calculated using
the sigma information of the gaussian cumulative
distribution function:

0,=11.29 £ 0.31 mm
0y=8.53 + 0.16 mm

*Average of four sigma, two sides and modules per axis.

MPV (ADC)

Scan Plastic Scintillator (X-axis)
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Scan Connectors (Y-axis)

Efficiency and charge plots
Scan a long Connectors

—

& 100/— —10
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Efficiency calculation :

NTU—start A NT(}—cnd A NAD

Efficiency =

Charge calculation :

Where selected Time#0 events.
Was fitted a Landau+Gaussian distribution and MPV value was used.
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Efficiency and charge plots
Scan a long the Fibers and PMT

Scan PMT's (X-axis)

Scan Fibers (Y-axis)

—

£ 100

80

60

40

20

96 230

AD1 module (ADA)
Efficiency

i Charge
RMS=10.46+0.54 mm

AD2 module (ADC)

—a— Efficiency

74| Charge
RMS=10.53+0.66 mm

240 250 260

Efficiency calculation :

Efficiency =

270

NT(}—sta.rt A NT(]—cnd A NAD

NT(}—st.a.rt. A NT‘(}—cnd

Charge calculation :
Where selected Time#0 events.
Was fitted a Landau+Gaussian distribution and MPV value was used.
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Border Analysis (Pixel detector)
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Border analysis

The pixel detector* was placed behind the AD modules to get
a precise information of the characteristics in the WLS bar.

Y (mm)

340.5

(o2}

260

AD1

AD2

164.5 :
H —

: Pixel

.Detecto

EES—— N W W = - " : : : ’
0 825 959.5 1355 1380 X (mm)

Pixel Area
1024 * 512 pixels
3*1.5cm?

Beam

Beam

2.5 mm
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* Povided by ITS group (arxiv:1607.01171)
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Charge (ADC)

Charge (ADC)

AD1 - Charge vs Y (pixel position)

Selection of event in WLS Bar and plastic scintillator

Wis [Plastic Scintillator

AD1 Charge vs Y- Average position, RMS < 1.00
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AD1 Charge vs X-Average position, RMS < 1.00
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Top plot: Region A and B defined on AD1 module along the Y axis.
04/11/17 Bottom plot: The charge along the X axis looks homogeneous.
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Charge (ADC)

Charge (ADC)

‘wLSs

Selection of event in WLS Bar and plastic scintillator

m ntillator
AD2 Charge vs Y-Average position, RM5 < 1.

AD2 - Charge vs Y (pixel position)

25 [ — E O O W Ny ' ---------- | el R - e . hmmﬂ‘l*ﬁ ]'Y
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— : X = | 1 edal Meany 4217 £ 0.06147
= ; ¢ | FS { R g“plr:' RMSx  0.370%+0.003573
15 — ;
- ! o : [ ' | '| || || “ n-'|' ,HMS Y 4 505 + 0.04347
I n 1 | el | I| | | I|l'| i |
10 — ' 'IE_ [ : . '||||'E%|1:"|||| } |'III i | II I{*m 'Ilw{ IIIIIII "
T TR N n
B ""u' S, el |.n “ H I |
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Top plot: Region A and B defined on AD2 module along the Y axis.
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Regions definition for analysis
Charge vs Y pixel position*
Selection of event in WLS Bar and plastic scintillator

AL s
AD1 Charge vs Y-Average position, RMS < 1mtl I Iato r
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*Due that in a single event triggered can be fired several
pixels, was used an average pixel position per event.



RMS

Number of pixel fired VS RMS (of pixels positions)

The RMS value of the pixels position fired on every event was calculated in order to clean the data.

RMS vs Pixels fired

Scintillator (Region B)

RMS,__=|RMS% +RMS2

w 3 h2RMStotal[0] @ h1RMStotal[1]
= C - ) 5
« - Bt 2628 i Entries 2393
— L L i 5 ! Trar Ot DN <2
251 Mean s 24572 004248 Afier Cut RIVIS < e 03102 £ Q006028
C Mean 3450 + 0007375 No c“t
- - AMS 0.2916 1 0.004269
21— - AMS = 2175 2 .03038
C [ |
AMS 3628 + 0.005215
C |
1.5 —
- )
1}# ..........................................
) :_ ) N ] h
I | Loovo0o | | L L
OD 10 15 20 30 1.5 2 25 3
# of Pixels RMS
RMS vs Pixels fired
RMS, = RMSZ +RMS?
3 @ ofal X Y @
C & 5
n ¢ it i
25 B All events
C - 0 RMS<1.0
2 "
C |
r - 0
5 m m
. || 10
1 I ir """""""""""""""""""""""""
os— ™
- 1
I IR A | TR R T | - [ T R |
% 5 10 15 20 30 0 . 2 25 3
# of Pixals RMS
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Same for AD1 and AD2 - Were used AD coincidences.

Events
or.)

Pixels fired

Aftar Cut RIS < A

No Cut

h1pixFired([1]

Enfries 2333
Mean2 162 + 0.02412

RMS 1,165 + 001705

0 25 30
# of Pixel
Pixels fired
I All events
RMS<1.0
| I L [ .
20 25 30

# of Pixal



Charge correlation—- AD1 vs AD2

RMS <1
Q(AD1 vs AD2) WLS bar, RMS cut, Average Pix
g 25
i :
% EG:_ . 10°
< g r Accidentals
c 151
2 o
& 10— 10
lllllllllllllllllllllllllllllllllllllllll 1
| L1 |
15 20 25
AD1 Charge (ADC)
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Events

Charges selection events

Pixel position Average

Selection:
Q(AD1) < 3or Q(AD2) < 3

AD1

Charge Pixel Average Position AD1 — Q(AD1) <3 or Q(AD2) <3

10

Mean = 0.3387 + 5.597e-02

107

10

-y

o
IIII|

AD2

Charge Pixel Average Position AD2 — Q{AD1) <3 or Q(AD2) <3

' = Mean = 0.1063 * 3.1216-02 h1Cada[2]-Y

Entries 591

Mean 0.1063 + 0.0312

RMS 0.7588 + 0.02207

-

=)
IIII|
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WLS-bar efficiency analysis

Efficiency = (Black_Left A Back_Right A Pix A AD) / (Black_Left A Back_Right A Pix)
» Time flags used to calculate the efficiency.
* RMS cut was applied.

2.5 mm

k—ﬁ AD Efficiency vs Position
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L o
- , O , of —— AD1
40 =L S
- - ' = —+- AD2
20 | . 3: . 2'
- ar D,
- I 1 l<|
0 _—l——l—_f_g:—‘!—. S
0 02 | 0.4 0.6 0.8 1 1.2 1.4
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AD2 WLS
I- Il I = = = = = = = . -I
|
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|
. '
AD1 ' 3.688%0.668 Beam
1 |
|
AD2 , 3.264%0317 s S ol
|
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Results using pixel detector

Charges (ADC counts)

WLS (mean)

AD1 0.34 = 0.06
AD?2 0.10 £ 0.03
AD 0.22 = 0.08

Efficiency (%)
WLS

AD1 3.69 + 0.67

AD?2 3.26 £ 0.32

AD 3.47 =+ 0.74
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Particle identification

« The composition of the beam in T10 beam facilities is mainly composed by
pion and protons.
* Trough Time of flight technique is possible to identify particles

Theory - At = L (\/pzc2 +m2ct — \/pgcz + m%c“)

Experiment -

841 cm

pc?

At = typ — tTo-end

62 cm
6cm 4 cm

12cm Chamber

12cm 738 ¢m
50 cm

82 cm

Black Left

b —— .
LN VN N

w TO-start AD
Black Right
y . Mobile Table
Z |

Font End

Electronics
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Events

Particle selection N

Events

04/11/17

Particle selection at 1 GeV/c
Respect to T0.end

At— T0.end - AD2, 1Gev/c

Gauss.
t(r*) = 67.15 £ 0.
t{P+) =71.69 + (&
At =4.54 + 0.07
Statistics

t(n*) = 67.16
t{P+) =71.73
At(n) = 4.56

Tt+

||||||||||||||||||||||
45

40

50 55 60 65

70
At=t(n")-t(p") (ns)

RTtPICUl0]

Entries
Mean
RMS

21013
67.12

1.157

75

At— T0.end - Black.Right, 1Gev/c |

Gauss.

t(*) = 67.90 + 0.0k ns

(p*) =73.11£0
At=5.21 + 0.01

Statistics
t(r*) = 67.89 +
t(p)=73.10 =
At(n) = 5.21 +

-'T+

40

45

.I....I....I....I....I.”
65

50 55 60

70

RtPICUt[4]

Entries
Mean
RMS

21013
67.87
0.7478

75

At=t{n")-{(p") {ns)

Events

Events

At— T0.end - AD1, 1Gev/c

htPICUl[1]
B Gauss. Entries 21013
10° t(*) = 67.71 £ 0 o ﬁ;:
= Hp*) = 72.16 + (
C At=4.45 £ 0.0
i Statistics
100 = (") = 67.73
= t(p*) = 72.25
C At(n) = 4.46
10
- +
i TU
1=
I:I | 1111 | L1 11 | 1111 | L1 1| |l
40 50 &5 60 65 70 75
At=t{n")-{{p") (ns)
At— T0.end - Black.Left, 1Gev/c
h1tPICUI5]
- Gauss. Entries 5188
L Mean -7.319
B t(n*) = -7.12 + 0.04 Roa e
B t(p*) =-21.45 + (
s At =14.33 £ 0.0)
F Statistics
- ') =-7.31 +
I t(p*) = -20.96
i ﬂt{ﬂ):13, ;
10— '
E +
. TT
1

-5

0

At=t{n")-{(p") {ns)
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Charges of Pion and Protons (1 GeV/c)

Charge AD2, 1Gev/c Charge AD1, 1Gev/c
@ - h1Qpi[0] @ - h1Qpi[1]
t  N(p")/N(n")=1974/20623 Charge MPV - E  N(p')/N(x")=1974/20623 Charge MPV :
& N(p’)/ Q(r*) = 8.22 + 0.03 Entries 21168 & N(p*)/ Q(r*) = 8.12 + 0.03 Entries 21168
o Q(p*) =13.61 + 0.08 Mean  9.698 e Q(p")=13.68 +0.06 |Mean 10.69
= Ratio=1.66+0.09 = Ratio=1.68+0.07
= RMS  4.316 = RMS 5516
- Charge Mean (CUT) 1 E Charge Mean (CUT) ‘
- Q(n*) = 9.67 + 0.03 B Q(x*) = 10.66 + 0.04
P Q(p) = 13.85 + 0.06 L 13.89 + 0.06
atio=1.43+0.07 =
10 10
1 1

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Charge (ADC) Charge (ADC)
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At (ns)

80

75

70

685

60

55

Time-slewing correction

We used a time difference correction using an
exponential function adjusted to the charge and Nivel de umbral

time correlation.

The slewing effect is due the technique used to

measure the time in the FEE.

The leading time crossing the threshold depends

on the charge.

(Q)=A+BQ"

At— T0.end - AD1 (Clean, Slewing), 1Gev/c
htoSlew[1]

Entries 21013
Meanx 10.78
- Mean y B67.7
RMSx 5418 p
BMSy 1.215

—

0

0 5 10 15 20 25 30 35 40 45 50

Charge

Charge

50

45

40

35

30

25

20

15

10

| =]
Mo
(4]

tcorrected:tmeasured_t(Q)

At— T0.end - AD1 (Clean, Slewing), 1Gev/c
htpiSlew[1]
Entries 23038
Mean x  0.3644
Meany 10.95
RMS x 1384 ¢
RMSy 5383

0

=20 =15 =10 -5 0 5

—_
=
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At (ns)

80

75

70

65

60

56

Slewing correction (1 GeV/c)
Respect to T0.end

At— T0.end - AD2 (Clean, Slewing), 1Gev/c
htoSlew|[0]
Entries 21013
Mean x  9.654
Meany 67.13

RMS x
BRMS y

0

0 5 10 15 20 256 30 35 40 45 50

Charge

Charge

At— T0.end - AD2 (Clean, Slewing), 1Gev/c

4.364 |
1.157 |

50 | ht!aiSIew[D]

E | Entries 23038

C ! Mean x 0.3311
45

E Meany 10.05

= RMSx  1.454 |
40 £ RMSy  4.337
35 a
30

= |I 1
25 11 -:10
20— E
15 N
10 ﬂll 1

5
E | | ‘ 1111 | 1111 | I | 11 |1 | | ‘ 1111

-25 =20 -15 =10 -5 0 5 10

At (ns)

Charge

80

75

70

65

60

55

At— T0.end - AD1 (Clean, Slewing), 1Gev/c
htoSlew[1]
Entries 21013
Meanx 1078
- Mean y 67.7

RMSx 5.418 p
RMSy 1215

0

0 5 10 15 20 25 30 35 40 45 50

50

45

40

35

30

25
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15

Charge

At— T0.end - AD1 (Clean, Slewing), 1Gev/c
htpiSlew[1]
Entries 23038
Mean x 0.3644
Meany 1085
RMSx  1.384
RMSy 5383

| 1111 | 1111 | 1111 | 1111 | | ‘ 1111 | 1111
-25 -20 -15 -10 -5 0 5 10
At (ns)
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Events

After Slewing correction (1 GeV/c)
Respect to TO.end

At— T0.end - AD2 (Clean, Slewing), 1Gev/c

h1tpiSlew[0]

Entries 21013
Mean —0.008634
BMS 0.9765

|
5 10
At (ns)

hitpiSlew([4]

Entries 21013
Mean 0.01838
RMS  0.5914

f\

[ 1(n*)=0.02:0.01 ©=0.93+0.00
oL tp)=3.86:0.02  ©=0.72:0,
= At=3.85:0.02
10°
101
=
E|IIII‘IIII|IIII|I|II
—-25 -20 -15 -10 -5
At— TO.end - Black.Right (Clean, Slewing), 1Gev/c
2 [ (n")=0.05+0.00 ©=0.55+0.00
& [ t(p*)=4.66:0.01 ©=0.45+0.
103 = At=4.61i0-01
10° =
105—
e
E||||||||||||||||\||||
25 —20 -15 —-10

Events

At— T0.end - AD1 (Clean, Slewing), 1Gev/c

= hitpiSlew(1]
- t(n*)=0.07£0.01 ©=0.84+0.00 “Eﬂntries ofml gé z
" t(p)=3.81:0.02  ©=0.70+0 san 0.
10" At=3.75+0.02 BMS 08959
10°
10
1 =
E|\III|IIII|IIII|IIIII
-25 20 0 5 3 10
At (ns)
At— T0.end - Black.Left (Clean, Slewing), 1Gev/c
3= hitpiSlew[5]
10 - t(n*)=0.05+0.01 0=0.70+0.01 Entries 5188
C t(p+)=-1 4.45+0.07 0=0.92+0.07 ’::g ‘O‘fgg:;
[ At=-14.50+0.07
10° =
10
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AD2

AD1
TO.start
Black.Rigth
Black.Left
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distance
(cm)

305.5
302.5
62
371
845

Detector
AD2
AD1

Detector
AD2
AD1

Results

Momentum 1 GeVlc, At(Tt+,p+)=1.21 ns/m

No Slewing
At(pi,proton) (ns) At(pi,proton) (ns) Error
Theoretical
3.684 4.54 0.02
3.648 4.45 0.02
0.748 1.12 0.01
4.474 5.21 0.01
10.190 14.33 0.09
Time resolution -~ Momentum 1 GeVic
Pion Proton
o (ns) Error o (ns)
1.1 0.01 0.89
1.18 0.01 0.84

After Slewing Time resolution -~ Momentum 1 GeVI/c
Pion Proton
o (ns) Error o (ns)
0.93 0.01 0.72

0.84 0.01 0.7

Slewing Correction

At(pi,proton) (ns)

Error
0.06
0.01

Error
0.01
0.01

3.85
3.72

4.61
14.5

Error

0.02
0.02
0.01
0.07
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TO overlap

50 cm
< « ’ T0 End
TO Start Dvﬁap Overlap
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Comparison on methods to clean up charge
analysis with pixel detector

* There are not significant difference on the charge analysis
by use the average position of the pixels fired every event.

AD1 Charges

3=
% 10°E
g‘.) 1:! |:| Q=0.85+0.09, All
W =i |:| 0=0.600.08, RMS<1.0
L [::::i 0=0.61:0.08, RMS<1.0, Av. Pixels
|:| Q=0.33:0.05, RMS<1.0, Q— Q(AD1)<3 or Q(AD2)<3
1 02 = Q=0.34:0.06, RMS=1.0, Av. Pixels, Q— Q{AD1) = 3 or Q(AD2) < 3
B ﬁ
10 ¢ T
1 __ IIIII
Cooo oy ! - 7 ‘ l
0 5 25

Charge (ADC counts)

04/11/17

Events

10?

10

AD2 Charges

IIIL|| ]

L8

Q=0.53:0.08, Al

Q=0.40:0.07, RMS=1.0

Q=0.41:0.07, RMS=1.0, Av. Pixels

Q=0.10:0.03, RMS<1.0, Q- Q[AD1)<3 or Q(AD2)<3

Q=0.110.03, RMS<1.0, Av. Pixels, Q— Q(AD1) < 3 or Q{AD2) <

3

15 20

L | . J- VS Y SO P --L- VS Y P P S

25

Charge (ADC counts)

32




WLS-bar — Efficiency

Efficiency = (Black_Left n Back_Right A Pix A AD) / (Black_Left A Back_Right n Pix)
» Time flags were used to calculate the efficiency.
* RMS cut was applied.

Beam

<

#me&ﬁ AD Efficiency vs Position
£ 1ooF 4 o
%: 100 = : . : —r +++—v— +
8 g oo T | e B S . - +
S T <z N
LU L -g g [ I :
60| c° o o
- 88 .5 5 ~ AD1
40 < = I.’:l
- = I ~- AD2
20 : < :<£:
— [ |
0 e ——T ¥ | ﬂ__: ! L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4
4 mm q Position (cm)
B AD2 WLS g
WLS bar (%) - -
(common region) Sl AD2
AD1
AD1 5.263 =+ 0.263 88.169 + 0.668
AD2 4,146 = 0.796 94.942 + 0.453
2.5 mm
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