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Introduction

The ALICE experiment is making a significant upgrade of its detectors
and systems during the second long shutdown (LS2) of the LHC.

During Run-2 of the LHC the ALICE Diffractive (AD) detector was
installed to extend the pseudorapidity coverage of ALICE for increase
the capacities to trigger diffractive and ultra-peripheral events.

The Forward Diffractive Detector (FDD) is the upgrade of AD to fulfil
the new requirements of the LHC conditions and fit in the new ALICE
environment.

FDD keep the same geometry and placement of its predecessor but
with improvements in materials used for its construction and will be
part of Fast Interaction Trigger system.



ALICE

ALICE (A Large lon Collider Experiment) is an experiment placed at point two of the LHC
accelerator and was suited to study mainly the Quark-Gluon Plasma properties.

1 The ALICE Collaboration has built a dedicated
heavy-ion detector to exploit the unique
physics potential of nucleus-nucleus
interactions at LHC energies.

d The aim is to study the physics of strongly
interacting matter at extreme energy
densities, where the formation of a new
phase of matter, the quark-gluon plasma, is
expected.

B. A. et al, T. A. Collaboration, Upgrade of the alice experiment: Letter of intent, Journal of Physics G: Nuclear and Particle Physics 41 (8) (2014)
087001.



ALICE - LS2

After the second Long Shutdown (LS2), the LHC

will progressively increase its luminosity with:
Pb beams

A Collisions rate = 50 kHz
a Average Luminosity = 6x102" cm? s™

Protons beams 79 i i
[ Collisions rate = 1 MHz TR el
Q@ Average Luminosity = 1034*cm2 s 7

B. A. et al, T. A. Collaboration, Upgrade of the alice experiment: Letter of intent, Journal of Physics G: Nuclear and Particle Physics 41 (8) (2014) 5
087001.



The FIT system will be the MB trigger of the ALICE during
the Run-3.

a

Qa

a

Fast Interaction Trigger

Multiplicity: VO+ (LM)

Luminosity: TO+, VO+ and FDD (LO)
Collision time and vertex: TO+ (LM)

LHC background (BG): VO+ and FDD (LO)

VETO (UPC, electromagnetic and diffractive
interactions): TO+, VO+ and FDD (LO)

FDD‘C

https://indico.cern.ch/event/855860/contributions/3601710/attachments/1931954/3200080/JO FIT_ Triggers 231019.pdf



https://indico.cern.ch/event/855860/contributions/3601710/attachments/1931954/3200080/JO_FIT_Triggers_231019.pdf

Diffractive physics

The characteristic signature of a diffraction event in a detector

Diffractive Processes are driven by the strong force.
is the rapidity gap between the two diffractive systems.

A feature of the diffraction processes is that though hard

processes may be involved:
. ) . ) L Elastic Single diffraction
o One or both incoming particles either remain intact A N
dN/dy dN/dy

o Dissociate into products emitted at very small angle

p p X p
The exchanged virtual particle (the Pomeron) gap gap
carries no color.

> >
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Elastic Single diffraction

P P P X
Double diffraction Central diffraction
P P
A dnidy A dnidy
P P P P
X, X, % b

N

p X, p p .
y
P 5 X
Around of 30% of p-p interactions are diffractive processes.
P X, p p

orral, Diffractive physics with alice at the lhc: the control of quantum collisions, Journal of Physics: Conference Series 624 (1) (2015) 012008.

G.H.C
T.-R. S., Diffractive Physics at D, Springer, Hadron Collider Physics2002doi:https://doi.org/10.1007/978-3-642-55524-4 20.

Double diffraction

Central diffraction ““



Diffraction in ALICE — Run 1

~ Measurements of cross sections of inelastic, single- and
double-diffraction cross section.

>~ Proton-Proton at three centre-of-mass energies:
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B. Abeley, et al., Measurement of inelastic, single- and double-diffraction cross sections in proton—proton collisions at the LHC with ALICE, Eur.Phys. J. C73 (6) 8

(2013) 2456. arXiv:1208.4968, doi:10.1140/epjc/s10052-013-2456-0.



The ALICE Diffractive (AD) — Run 2

o Designed to increase the forward coverage to tag
diffractive events produced in non frontal collision.

a It was designed, constructed and installed during
2014.
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AD preliminaries
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Distribution of the largest pseudorapidity gap in 2-arm events (DD), as defined in [Eur. Phys. J. C 73 (2013) 2456],
showing on the left the distribution without AD and on the right the distribution with AD.

AD Upgrade for LHC Run 3 The ALICE Forward Diffraction Detector (FDD) DRAFT PROPOSAL, The FDD Collaboration.



AD preliminaries
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AD Upgrade for LHC Run 3 The ALICE Forward Diffraction Detector (FDD) DRAFT PROPOSAL, The FDD Collaboration.



AD paper contribution

AD as been used as veto detector
for an ultra-peripheral paper.

https://doi.org/10.1016/j.physletb.2019.134926

Physics Letters B 798 (2019) 134926

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Coherent J/v photoproduction at forward rapidity in ultra-peripheral )
Pb-Pb collisions at /sy = 5.02 TeV e

ALICE Collaboration*

ARTICLE INFO ABSTRACT

Article history: The ALICE collaboration performed the first rapidity-differential measurement of coherent J/ys photopro-
Received 19 April 2019 duction in ultra-peripheral Pb-Pb collisions at a center-of-mass energy ,/Sx\y = 5.02 TeV. The J/y is
Received in revised form 15 August 2019 detected via its dimuon decay in the forward rapidity region (—4.0 < y < —2.5) for events where the
:\c/:lg:flg ﬁnslfrfge;gb;gpfg;icr 2019 hadronic activity is required to be minimal. The analysis is based on an event sample corresponding to
Editor: M. Doser an integrated luminosity of about 750 pub—'. The cross section for coherent J/y production is presented
in six rapidity bins. The results are compared with theoretical models for coherent ]/ photoproduction.
These comparisons indicate that gluon shadowing effects play a role in the photoproduction process. The
ratio of ¥’ to J/y¢ coherent photoproduction cross sections was measured and found to be consistent

with that measured for photoproduction off protons.
© 2019 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

Work in progress

"Coherent rhoO photoproduction in
ultra-peripheral Pb-Pb collisions at 5.02
TeV" (see David Horak presentation)

“Single Diffraction, Double Diffraction and
Inelastic Cross Sections in pp collisions
at 13 TeV” (Ernesto Calvo V.)

“Coherent photoproduction of J/Psi and
Psi(2s) in  ultra-peripheral Pb-Pb
collisions at 5.02 TeV” (see Roman
Lavicka presentation)
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https://doi.org/10.1016/j.physletb.2019.134926

Forward Diffractive Detector

Pseudorapidity coverage: 4.7<n<6.3 and -6.9<n<-4.9
Upgrade of AD -> FDD
o 2 arrays: FDD-A & FDD-C.
o Same geometry as AD.
o Each 2 layers of 4 scintillators/PMT -> total
16 channels.
o Connected to FIT read-out.

Integrated into FIT detector

a Read-out, DCS, project coordination are
common.

FDDC

Upgraded ITS

=
mn
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-7.0 -4.9 -3.5
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Placement of FDD-A
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Placement of FDD-C
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Position of FDD
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Forward Diffractive Detector - Layout

Materials:

Plastic scintillator: Bicron BC-420

WLS bars: LuminnoTech NOL-38

Optical fibers: Kuraray PSM-Clear

PMTs: Hamamatsu H8409-70 (19 dinodes)

PMT

Optical fiber conector
(192 fibers)

e

Optical Fibers
(96 per bunch)

.o FDD-A

242 182 242

17



Relative Light Output

Layout: Plastic scintillators, BC420

BC-418 & BC-420 A-side C-side
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Layout: WLS bars

Model:

4 -
] A-Long
242 "
1
4 )1\ <
Q A-Short
Wave Length Shifters
82 FDD A-Side
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Surface polished
Precision: +0.15
J.-P.Revol
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Aug. 14.2018
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Surface polished

Precision: £0.15
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Aug. 14,2018

Normalized Intensity (a.u.)

BC499-90

NOL-38 from LuminnoTech

Time decay: 1 ns,

Luminescence nm: 431 and 458

NOL38

1,0
—— absorption spectra
08 luminescence spectra
Absorption, nm 382
K*10%, cm?/g 11.55
0,6 Luminescence, nm 431, 458
FWHM, nm 69
PLQY, % 88
044 PL decay time, ns 0.95
0,2 4
77T T T T T T
250 300 350 400 450 500 550 600 650 700 750 800

Wavelength, nm
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Optical fiber — Absorption and transmission
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FDD stations assembling

a.
b.

Q@ P Qo0

Construction procedure: FDD

Prepare WLS bar and attach it to the plastic.
Wrap the module with Mylay foil and protective
material.

Place FDD pads into the support frame.
Optical connectors construction.

Fiber bundle preparation.

Machining of PMT cases.

Machining of PMT-Box.

21



Construction procedure — Some pictures
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FDD prototype: Test and Results

Charge and time measurements of
FDD prototype.

Fit front-end electronic time and
charge measurements.
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Test and Results: Single photon calibration

PMT

Blue LED

24



Cuentas
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Test and Results: Charge

; Parametros de ajustes
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Photoelectrons/MIP: Standard electronics

Cosmic
muon

Digitizer:
VME CAEN V1 742 Top trigger

/
—

Discriminator:
VME CAEN V814

FDD

PMT HV:
2500 volts

26



Cuentas

Test and Results: Charge for a MIP
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Volts

Typical pulse around the MPV.

0.9

0.8

0.7

0.6

0.5

1IIT[TTTIITI]TITII1IIITT

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

o

20 40 60 80 100 120 140 160 180 200 220
time (ns)

The amplitude: 564 mV.

Note: directly from PMT.
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 — Xe
: Processing
! Modules
e

2 x LVDS pairs

vvy

Trigger signals to CTP
(under discussion)

Clock A from CDM
Serial Clock to CDM

4_‘
Clock
Distributio
n
Module
-

1 Gb Ethernet (IP BUS)

FIT Front-End Electronics
A
GBT optical
links to CRU GBT link
<—
Trigger &
2 x HDMI cables Controller
N »1 Module
<—
<—

ALICLK optical line
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Processing Module

Zero and Threshold control

900 MHz. x10 Gain, ~I nv/sqrt(Hz)

Input

This circuits are on mezzanine

SiGe low noise
high-bandwidth
amplifier

300 MHz, x1 Gain

Non-Gated output LVDS

(To TDC and logic)

Constant Fraction
Discriminator

Gate (Strobe)
circuit

+- 2 ns from
clock edge

Zero offset control

Differential
buffer

/T/

40 MHz clock

Integrator. 25 ns
open/25 ns reset.
Even bunches

12-bit 80 Msps|
ADC

Integrator. 25 ns
open/25 ns reset.

Delay control ——

Reset —— ¢

PLL

12-bit 80  |mimigmt

Msps ADC

Odd bunches
._\l'
>
>
ol
80 MHz
40 MHz

12 Bit
3

non_)

12 Bit

s

CoolRunner I1 CPLD

Strobe

13 Bit data

1.8V LVCMOS

Baseline measurement

strobe
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FIT Front-End Electronics test

Cosmic
PMT model: H6153-70 (AD) muon
To measure the time resolution we use two scintillators Top trigger /
to trigger cosmic muons. | / %

FDD prototype under test was placed between two FpD

scintillators, Top and Bottom.

The analogs signals from the triggers were sent to a Bottom trigger

|I/ %

This logic pulses were sent to the V1742 digitizer (5 {

commercial CFD.

Gsamples/s)
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Detectors configuration

TRIGGER 2
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HV
SOURCE

Connection of diagram

TG1 (UP)

CFD
CANBERRA
TG2 (DOWN)
w= EDD
— O EEET
— RRiGGE

R2
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Counts

140

120,

100

80

60

FIT Front-End Electronics test: Time

FDD time resolution: 0.367 + 0.148

Trigger 2 - Trigger 1

h1
Entries 655
Mean 2634
Std Dev 2376
¥2 1 naf 56.4/16
Constant 111.2+64
Mean 2.164 £ 0.045
Sigma 1.021+0.044

-5 0 5 10 15
Time ns

Counts

FDD - Trigger 1

140

120)

100

80)

60)

h2
Entries 655
Mean -2.585
Std Dev 1.843
x* I ndf 57.04/21
Constant 1403:87
Mean -2.125=0.034

Sigma  0.7709 + 0.0350

5 10 15

Time ns

Counts

140)

120

100}

80|

60|

FDD - Trigger 2

h3
Entries 655
Mean -4.4890
Std Dev 1271
x* I naf 30.64/19
Constant 1258+74
Mean -4.314 £ 0.039

Sigma  0.8463 = 0.0339

5 10 15

Time ns
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Final Comments

. Since the AD detector worked successfully during Run 2, we expect that with
the upgrade, we can achieve the characteristics required for the new LHC
conditions.

. The degradation in the pseudorapidity coverage in the new configuration of
ALICE, make FDD most important to contribute to the coverage.

. We will make more studies in order to have the complete characterization of the
new detector.

. In the next months will be measured its properties using a Laser and a different
signal cable in order to have a 25 ns pulse width.

. We will calibrate and characterize the PMTs for the installation.

. New equipment has arrived to the laboratory of physics faculty, therefore, we can
test the prototypes either at CERN or in the university laboratory.
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Thanks for your
attention!



