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The IFR Workshop

 The workshop was organized in
such a way that we could
dedicate a relevant part of the
time to detailed discussions all
the ongoing/future activities

vas very fruitful since in all
involved in the

||||||
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The active detectors: the baseline




The active detectors: main discussions

* The baseline option has been rather well understood through extensive R&D but
we had some brainstorming to evaluate if other options could be more appealing,

* Other possible options for the readout of the fibers:

— 3 separate SiPMs, one for each fiber
* More robust, if one SiPM breaks the scintillating bar is still readout
(especially in the not accessible zone of the barrel)
* Mechanics is simpler: just three straight grooves
* But...
* 3 times the SiPMs, more cables and connectors (costs will be evaluated)

— 1 SiPMs on both ends of the longitudinal bars:
* More uniform response with the polar angle
* more robust
* But...
*Mechanics more complicated
* and again.. more SiPMs, more cables, more connectors .... as above



The active detectors: main discussions

* The external most layer (#9), how to fit in the existing structure:

— Make special modules to cover the surface like a puzzle the surface




The active detectors: main discussions

* Innermost regions of the
endcaps:

e Very”hot” region, SiPM
cannot be placed directly on
the scintillator

* Not many options... for the
vertical bars we have to bring
out the light signal through
clear fibers




The active detectors: main discussions

e Collaboration with our Krakow colleagues on:
— |IFR structure FEA simulations
— Design/construction of modules installing toolings

uction and assembly times/schedule
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SuperB IFR

(’ NF Baseline Flux Return detector geo
SuperB main specifications: I P

+ Overall IFR design thickness: 920 mm
(vs Babar: 650mm barrel/ 600mm endcaps) .

Number of detectors layers: 8 or 9
(vs Babar: 17 gaps)

one scintillator layer at inner radius wrt iron
(not foreseen in Babar)

one scintillator layer at outer radius wrt iron
(not foreseen in Babar)

6 or 7 scintillator layer inside gaps
vs Babar: 17 detector layers
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SuperB IFR
Gaps filling: plates material s
( P g:p

_00wrm odzcza o ake

Possible configurations foreseen for
magnetic field simulation

1) Babar + «amagnetic» filling
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(brass or Ssteel = Babar)
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2) Babar + mixed filling
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3) Babar + magnetic steel filling
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) IFR

L'ir Conclusions

Modify the connections between cradle/arcs and the wedges and reinforce cradle and arcs
seems feasible, it requires more accurate FEA simulations.

If overall thickness barrel thickness of 882 - 907 mm (9 - 8 scintillators) can be fine =>
filling as Babar with brass plus 4 - 5 additional gaps filled with steel/s-steel.

Fill with “thicker” plates e.g. 27 mm is cost efficient and could reach the 920 mm.
Requires extensive measures with proper gauges.

Brass expensive, will use S-steel or magnetic steel according to field simulations

Adding plates at outer diameter could be cost effective but requires extensive modifications to
all main barrel parts, cost for adjustments may grow.

Replacing of Babar wedges with new ones is more expensive but it is a reliable solution.

The cost of candidate solutions (b: thicker plates gaps filling) is about 1.5 M€E.
Filling with magnetic steel could save up to 300 k€
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1)New results on tests of muon response of IFR
scintillator bar using different assemblies

2)Simulation of scintillator bar with FLUKA and
comparison with experimental data

3)Preliminary results from Gelina neutron irradiation
tests

Krakow, 07 September 2012 Alessandro Montanari 2




Triax cable
£ q”'-'sﬂ o > to DAQ board

 Fermilab scintillator bar:

* transverse size: 4.5x1.0 cm®
* length: 25 cm
» one straight groove on top

« WLS: Kuraray 1 mm diameter:

NotGlued  Glued

Not Aluminized --

Krakow, 07 September 2012 Alessandro Montanari 7




» Fired pixels per MIP:
+ 57%
Not Glued Glued

+ 249 Not Aluminized -

Notes:
- MIP response include contributions from cross talk and afterpulse

Krakow, 07 September 2012 Alessandro Montanari 9




2 m bar, WLS Kuraray Y11, T~25° C

Imuon D = distance from SiPM

V= = 7

DAQ
board

Scintillator
Muon
Trigger

Krakow, 07 September 2012 Alessandro Montanari 10




Prototype IFR bar, 200 cm, WLS Kuraray Y11-300, T ~ 25°C

50
2 40
E
n +
g 30
g {
2
2 2 %
W Hamamatsu #4 @ 71.4V, NO GLUE *
10 v Hamamatsu #4 @ 71.4V, GLUE
0
0 20 40 60 80 100 120 140 160 180 200
Trigger area centre distance [cm]

Krakow, 07 September 2012 Alessandro Montanari 11




Tiziano
» setup a detailed simulation of light production, Rovelli

propagation and detection in a prototype of a
scintillator bar (FLUKA)

» cross check expected results from simulation with
data collected from a real prototype: tune
simulation free/unknown parameters

« use simulation setup to study different geometries
and optical couplings

« still preliminary results..

Krakow, 07 September 2012 Alessandro Montanari 16



Front view

Detailed simulation of all
the setup!

0.094 core S
0.094-0.097 inner cl. 0.95
9.097-0.1 outer cI.

Krakow, 07 September 2012 Alessandro Montanari

side view

Kuraray wis fiber Y11 (200)

outer cladding

florinated polymer

Polyvinylidene fluoride |

(C2_H2_F2)

polymethylmethacrylate
core

polystyrene (PS) B

Krakow, 07 September 2012 Alessandro Montanari 19




Data/ MC comparison

» Simulate same geometry as real prototype:

+22%
0,
T Auminize *

» Good agreement with data (SiPM xtalk not simulated)

CUmmnme 0 Longsantllatorbar

Krakow, 07 September 2012 Alessandro Montanari
* 2 m bar, WLS Kuraray Y11 NOT GLUED

1 m Data (Hamamatsu)
+ Simulati

35
=0
3
:
25
£
:80 !
-

15

pry
o

w

20 40 60 80 100 120 140
Trigger area centre distance [cm]

» Behavior is well reproduced

Krakow, 07 September 2012 Alessandro Montanari




» Ratio =(y @ SiPM)/( y @ Fiber) (air in between)

+ SiPM in plastic package (300 um) w;"g’"x_ﬁ"‘l[!sm Once the simulation is well
"Distance.

! tuned many effects can be

[ in.SiPM-fiber disalignment: 0
l:| 7 In. SiPM-fiber disalignment: 100 im

B studied (saving quite some
time!)

v SiPM/ y outside fiber
e °
LA

=2
0

PRI (I B Pl [l L

6400200 300 400 500 600 Yoo 800 900 10 T
« More photons from the center of the fiber 21 )
@ Ar 1

- 1
300 um

Krakow, 07 September 2012 Alessandro Montanari

 Less sensitivity to SiPM misalignment

T photons
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Qutline

* Background studies (Valentina)
— update on neutron, photon and charged particle rates
— new shielding configuration tested

* Neutron irradiation test preliminary results
— brief introduction and motivation
— apparatus and data taking
— first results and conclusions

IFR workshop - Cracow, Sep 7-9, 2012 G. Cibinetto




Our Shield Contiguration Y i,
_Qllnnrq

10 cm of PE+10 cm iron
5cm PE IFR workshop -
G.Cibinetto  Cracow, Sep 7-9,

Valentina Santoro IFR Workshop s




Neutron Distributions for Radiativa BhaBha events Barrel ’\
Rate LO vs Z-coordinate for Barrel Rate L7 vs Z-coordinate for Barrel]

-
B =h:eha Frascati Dec 2011
BhaBha Pisa 2012 W_shield 45mm
" B vons Francan Do 2011
[ ] BhaBha Eiba 2012 W_shield 45mm —— ————
5500 §m [ woomne e 2012 W_shiast a5men
=
600
400
S00
300 400
300
200

%

0 100 -50 0 50 100 150 200
z(cm)

zicm)

Significant reduction of the neutron rate on Barrel LO and

Barrel Layer 7 ~ 1 order of magnitude

IFR workshop -
G.Cibinetto  Cracow, Sep 7-9,

Valentina Santoro IFR Workshop 12




Neutron Distributions for Radiativa BhaBha events ENDCAP Py

Rate LO vs Z-coordinate for FWD Rate L7 vs Z-coordinate for FWD -l

~

-2 888

A 4
B =h:5ha Frascati Dec 2011

BhaBha Pisa 2012 W_shield 45mm

] BhaBha Elba 2012 W_shield 45mm [ e
— - . :Mmmn_ua—

[ wnatna tma 2012 W_shiats a5

100 150 200 250 300

Significant reduction of the neutron rate on FWD L7 but this
does not happen on L0 since the LO is not shielded

IFR workshop -
G.Cibinetto  Cracow, Sep 7-9,

Valentina Santoro IFR Workshop 212




Barrel Neutron Rate divided by Neutron Categories  #*®%

High Energy Neutrons BNl TN g“'llll'ﬁ
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GELINA at IRMM

* This facility has a moderated neutron’
which has a spectrum that reproduce

quite well part of the SuperB neutron
spectrum; the low energy part.

energy [eV)

unmoderated beam

10’ . .
4.6x10" nis/em

* Neutrons are produced by an electron
beam on an uranium target via the

same mechanism that occurs in SuperB

spectral fluence rate [wWs/om2ieV

102 | v L] L v 1]
1.0x10" 7.0x10" 1.3x10° 1.9x10"
energy [eV]

W v - ——
— et Wy
TR e W
[ TSR

g
T

Ty

moderated beam 10m

51x10° n/slcm*2

Rato(Hertz) (0 "mmm

pectral flunce rate [Vs/cm'/eV)
=)

A2 10 -8 £ 4 2 0
LogE(GeV)log(10) * 107 10" 10° 10' 10" 10" 10* 10° 10°
IFR workshop - Cracow, Sep 7-9, 2012 G. Cibinetto %




Required rates

* From Valentina's talk we expect an
average rate of 50Hz/cm? of thermal
neutrons in the innermost layers of
the barrel, and a bit more epithermal
neutrons (<|0keV)

* That makes about 10'° low energy
neutrons per cm? per running year
(including x5 safety factor)

* We planed to integrate the equivalent of about 5 years of running (5x10'°n/
cm?) in two weeks of data taking.

* Unfortunately we there was and issue with the machine that lowered the
intensity to less than /2 of the nominal value and we took a couple of extra
days to setup our apparatus so we got up to ~ 1.86 x 10%° ‘and is not so bad).

IFR workshop - Cracow, Sep 7-9, 2012 G. Cibinetto @




Data taking time-lapse

N
=)

:§ L= Fri weekend Mon | Tue | Wed | Thu T total dose
3 °E | 13 break 16 17 | 18 | 19 ~1.86 10%
e n/cm?
12— :
=N Equivalen
Dose °f to 0.58 10
6 Ng,/cm?
ap—
2 E— ——/—
Oc)—' 2‘0 2T -l(’ PR 'Y 610 PR Y 8lo A .{,12101 A ‘1‘“10‘ A ‘1“1 “A':‘o'o( m:g;“)
ommissioning different slopes

for different
figurations
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40
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Few examples of our potential — MPPC |x|mm? 50um cell

Current vs dose Dark rate vs dose
| 718
‘E_ /_ 3 /\ \
:: /need log scale to|have ...- some sort of saturgtion
E ot effect maybe due to the FEE
1 P sensmvuty at Iow1er doses woog- v
0 Z l 0 l “ lI M(’M} 0 ; : ; ; Iﬂ |l2 ‘llu.(;*'""l

MPPC 50 um, 1x1 mnv’: Current vs Voltage

.o YPF Threshold scan Scan

5 —
i 2 s =
g I-V curve E R s
5 1 e i . \‘\ B
®2as Dose. \ .\\
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S e’ —
" e’ - h—
L} e
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/ / . .~
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IFR workshop - Cracow, Sep 7-9, 2012 G. Cibinetto MPPC Ix I mm2 Soum Ce” - Charge SpeCtra

Pk o of charon &
Past v of charrwt 0

- ~4 109 -
~210° “E 3
3 ]
\
t vs dose
. L # P v of arow 0 -
u -
- 3 ; ~1.810%
3 : y ]
T r ol
< \ Nr‘
B A
clear the step behavior already / w Dose (nle)

observed in our previous test
Dark count spectra are a courtesy of Alessandro Montanari and Nicolo’ Tosi (Bolana)
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Different cell size

Dark Cument wrt e Intal one

Dark Current wrt the Intial one
=)

-
o

3

-
o

MPPC 1x1 mm’: Dark Current vs Integrated Dose
[ MPPC pleel sise ] -

. 28 ym
. S0 um
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1
-
3 ;
V1 PERPETTY 7 T PR TTT T | aaaal
1w 10 10* 10 10°
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SensL 1x1 mm’; Dark Current vs Integrated Dose

I 20
L
s AL IL

:0"?.
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L 1 | 1
1 (f 10"

FBK 1x1 mnv': Dark Current vs Integrated Dose

g B pixel vz .
" B 100 pm Il .
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Integrated Dose [veny')

Current vs integrated dose for MPPC,
SensL and FBK devices.

In the sample plots are reported the
currents normalized to the initial ones
for different cell size.




Same cell size (50um) different brand

SIPM 50 pum 1x1 men’: Dark Current vs Integrated Dose

—_
s
221
4

Currents vs dose

Dark Current wrt the Intal one
=
A

~ : X
SiPM 50 um 1x1mnv’: Dark Counts vs Integrated Dose
e i .
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MPPC radiation hard

MPPC 50 um 3x3 mnv’: Dark Current vs Integrated Dose

8| (SPm
i ™ B standard MPPCY
2L e s Special MPPC radiation hard have
§ ol also been tested.
- MPPC 50 um 3x3 mm’: Dark Counts vs Integrated Dose
V) biganss
| " porewn e !
- i li i

No particular difference with the
other ones can be observed from

currents and rates analysis. 10— _ .
10° 10 10° 10’ 10"
Imegrated Dose [n/cr’)
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MPPC rad hard with cosmic test

= LED calibration The light yield has been also measured
- before and after the irradiation with

o using a scintillator bar.

i No final results yet, need more careful

studies; but at a first sight
— the efficiency loss is not negligible

Cosmic ray spectra — the rad hard devices performs like the others
MPPC 3x3 mm’: Cosmic Rays _

0023, ' MPPC 3x3 mm’: Cosmic Rays MPPC 3x3 mer Racdation Hard Cosmic Rays
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Prototype: FNAL-2012 se tU_""#

e Testbeam Setup
. } } <-ai
_ : Cherenko

83, S4
(scintillators):

« Main improvement respect to 2010/2011 setup: muon and pions
selected chancing N, pression

» Further scintillator before the prototype: Sm
« Muons: S1 && S2 && Sm && C,(p,) && !C,

. Pions: S18& S2 && Sm && C.(p.) && IC,

IFR Workshop - Krakow PL M. Rotondo




Many developments in IffRoo!

'i::"fv.;:ii*':.-;:?:":-W// .

* To have reasonable data/MC agreement, we
tune the digitization of the simulated data

« Adding noise
« Simulate the different layer efficiencies
* Merge of tracks

e Use the cleanest and understandable sample
(muons at 8GeV) to define the level of noise
and the cuts on the digitization

IFR Workshop - Krakow PL



Some other Data/MC compa isq

f

0.2i— Pions at 8 GeV_f
After all corretions applied using the muons |
at 8 GeV, the 8 GeV-Pions are simulated  0.15]

well! |
0.1

o.os;j _:

IFR Workshop - Krakow PL




. . . an other variable

| | | | | | ]

0.4 1 04f — -

- 6GeV — . 8GeV ]

0.3 = 03F .

i i - ]

» 8 .

0.2 Jt+ 4 02F == -

0.1;— — == — 0.1;— | 1—1__.:

(USSR === I N S nae—— I
0 2 4 6 8 10 0 2 4 6 8 10

Number of active layers Number of active layers

1 Despite these small differencies at 8 GeV
Without background merging Try to compare th?:, O\r/ferall data/MC
erformance . . .

IFR Workshop - Krakow PL M. Rotondo




BIRO takes measurements 10 times.
Ex. 0011001110 — counted as two separate hits occured at 2 and 6
(Hit_FSAMPLE variable) and lasted for 2 and 3 measurements

(Hit LENSAMPLE variable)

Hit FSAMPLE htemp Hit LENSAMPLE htzmp
. Mean  40% | 200 Mean 2413
L RMS 269 : RMS 1038
00— 180—
L 160
ol 140
r 120
60— =
L 100}
- ”"_
0 .
: 1 ot
20 o
20F-
0_ S | R | IS | USRS | EUSU o | B o L e —— L
0 2 4 6 8 10 0 2 4 6 3 10
Hit_FSAMPLE Hit_LENSAMPLE

Valuable for recognizing pion contamination




Current version prepared for the purpose of the prototype data
analysis to work with muon-like events

Used for removing possible background hits - recognizing the good
muon track for the further fitting

Working on 1dim clusters (IFR3DCluster)

YZ
event 314 YZ]
20
10—
[ Bn o N o o
of
-20f
_‘1 _l L 1 l L 1 1 I 1 L 1 I 1 1 1 l 1 L 1 l 1 L I 1 L I L ' l 1 1 L I 1 L L
000 220 240 260 280 300 320 340 360 380 400




Interactive 3D visualization of the hits
and tracks in the IFR detector

tools:
+ ROOT (newest version)
QT 4.7

+ Graphics in OpenGL

features:
+ Scaling, rotating, shifting etc... of the view
+ Using the Bezier curves for the function extrapolation



conclusions

 We had many extremely useful discussion on all the topics
related to the design of IFR system:

— Mechanics (Flux return + Active Layers + Toolings)
— Software, Data Analysis, R&D, Tests
— Electronics

re | have forgot some discussion and | apologlze for
the summary the Electroni
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