B

The LHCb
Scintillating Fibre
Tracker

B. Leverington, on behalf of the SciFi Tracker Collaboration
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LHCb at the LHC
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LHCb: Upgrade 1

A single-arm forward spectrometer,

completed in April 2022

Performance of the LHCb Upgrade | in Run3

F. Oliva - LHCb collaboration at BEAUTY2023

E i S

SciFi: new scintillating

VELO: new
pixel detector

UT: new silicon
strip upstream
detector

fibre downstream
detector

Remove LO Trigger >
Full 30 MHz Software
trigger in GPU(HLT1) &
CPU(HLT2)

Increased pileup:
from~1inRun1&2to
~5in Run 3 & 4 (2022-

Locator /|| *

2032)
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upgrade

Tracker

Muon Stations

Side View ECAL HCAL M4 M5

M2

RICH2

SciFi

Blake Leverington — LHCb SciF Tracker for EIC

RICH: new mechanics,
optics, photodetectors

R R T

New 40 MHz
frontend electronics
and DAQ for all sub-
detectors
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https://cds.cern.ch/record/2864231/files/Beauty2023_LHCbUpgrade_FOliva_v2.pdf

LHCb Tracking

Top-down view

Muon detector

RICH2: measures a
particle’s velocity

// e Traclfer S ;‘%
- : The tracking system provides a —
= i H measurement of the momentum,
\L/;;;eté Tracker | | p, of charged particles with a O
E !. ﬁ‘" relative uncertainty that
[ L’H N varies from 0.5% at low P
| = <
T R Q momentum to 1.0% at 200 GeV/c. %2 O
M 1 o
RICH1 _ £& T
https://arxiv.org/pdf/2305.10515.pdf 29 )
BOEmline: ] ?1.27""|""r""\""|""_ '; QZ} O-
particle bunches = F L Rece,  LHCH st 1 =2 &
s & - — eco. simulation ] = =
Colllde here By = r S pdistribution HLT2 Reco. ] E ®
CER 1 E
N J =
AL T By
L J Calorimeters; g E §
Magnet: bends the path measure a B 1 3
of charged particles particle’s energy N ]
40 50
p [GeV]
FELE
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A.

A bit more on Tracking

Top-down view

Upstream track

T1 T2 T3
\"/ELO Long track E
VELO track Downstream track L1 1 E
| T track
X BLn
L.
Build track segment (T-Track) (stand-alone or matched)
1. First build candidates in the bending plane (x, z) from O° x-
layers
2. The track pattern in the non-bending plane (y) is formed by
matching the seed track with hits from £5° u- / v-layers.
Match VELO, UT, T-Track and determine x2/ndf as track quality
- Achieve high efficiency with low fake-track rates
18-Jan-24 Blake Leverington — LHCb SciF Tracker for EIC

Event average hit density in a single layer
of the SciFi. The hole in the middle
corresponds to the beam hole.
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Hybrid seeding: A standalone track
reconstruction algorithm for
scintillating fibre tracker at LHCb

s. Aiola 4%, Y. Amhis °, P. Billoir ¢, B. Kishor Jashal €, L. Henry © d1 L =,
A. Oyanguren Campos <, C. Marin Benito ® 2, F. Polci 9, R. Quagliani ¢ 30 =,
M. Schiller ¢, M. Wang "

https://doi.org/10.1016/j.cpc.2020.107713

< Hits / cm? / event >
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https://doi.org/10.1016/j.cpc.2020.107713

LHCb Tracking

Top-down view

Muon detector
I
RICH2: measure/

particle’s velocj

EEIVE]
I Eih

he-tracking system provides a
~rfiéasurement of the momentum,
~—==0;0f charged particles with a
relative uncertainty that
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== “aries from 0.5% at low 52 e
— - I - 2
FT PEREET_fEntum to 1.0% at 200 GeV/c. &7 T
e I — SEC
S ca LT
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Beamline: w‘ 27T
particle bunches . g
collide here @
] Higher occupancies can degrade the
L resolution.
Magnet: bends the path
-=of charged particles rticte’s energy
.
FELE
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Downstream Tracking Detector Requirements S

6.1.1 Detector requirements
The design of the tracker must take into account the following requirements:
e Performance: the tracker should provide a single hit position resolution of better

than 100 pwm in the magnet bending plane and a single hit reconstruction efficiency
better than 99%.

EEIVE]
I Ei«

e Rigidity: the mechanical stability of the detector must guarantee that the positions
of the detector elements are stable within a precision of 50 (300) wm in = (z); the
detector elements should also be straight along their length within 50 pm.

= I‘__(lv > hep-ex > arXiv:2305.10515

C

High Energy Physics - Experiment

[Submited on 17 May 2023 e Material budget: to limit further multiple scattering and secondary particle pro- Sg a
The LHCb upgrade | duction, each of the 12 layers should not introduce more than 1% of a radiation g % o
https://arxiv.org/pdf/2305.10515.pdf length. é ST
e Radiation hardness: the tracker should operate at the desired performance over the %é g)-

lifetime of the experiment, where 50 fb™! of integrated luminosity is expected to be =

collected. =

e Granularity: the tracker must have an occupancy low enough so that the hit efficiency
is not impacted with an instantaneous luminosity of 2 x 10% cm 25! [74] 75).

A tracker design based on scintillating fibre (SciFi) technology with SiPM readout was
chosen to fulfil these requirements.
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https://arxiv.org/pdf/2305.10515.pdf

The SciFi Tracker

12 layers

6 metres

o

5 metres
so
Hole for s %’
beampi ¢ g
Fibres = 0.4% X0 g e
Other = 0.6% XO 35
s
Total = 1% XO per layer v g
@

modules
fibre mats
= :

A-side C-side

Tl

Nomex honeycomb and
carbon fibre panels

Front and side views of the 3D model of the SciFi Tracker detector.
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0.250 mm

. p— . prmadvell  SCSF-78M!J fibres from Kuraray.
SCl Fl BaS|CS AR\ f (fast 2.8 ns decay time)

Q)
S
Silicon Photomultipliers (SiPM) from Hamamtsu X Signal . Calculated
2\ amplitude mean position
60um pixel < 3259 mm * Image from Kuraray|
: - 1 . Position

N 2 X 64 channel

EE TG
I ¥

arrays
=
. Channel
pixel - L=
We need 4096! e |:

o X som
o) 2o W
N g 2 0
3 £ Z—
3 Fired pixel _ c@ T
Fibre 230
370

g.

Photon —

Non-sensitive —$*

areas (S1iPM) Particle e Deposited energy

(a parallel array of Avalanche Photodiodes in Geiger-Mode)
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* Dirty display sample

Photos of fibre mats and SiPMs approximately to scale
Blake Leverington -- LHCb SciF Tracker for EIC
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Fibre Mats

EEIVE]
I ET

1. 11,000km Fibre has been pre-inspected before
winding (not shown here).

C

2. The winding machine controls the

, . som
tensions and looks for jumps. oW
€20
o5
55
ca L
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/ 7/ After cut
3. A grooved winding wheel. Ti02 4. Black Kapton foil. PC 5. Optical milling of ends and sides cut
loaded epoxy. endpiece for SiPM alignment. for packing in the module.
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lonising Radiation Damage (Fibres)

Y/cm

Dose profile of the most irradiated fibre. Irradiated at

IRRAD (CERN PS)

-300 -200 100 0 100 200 300 107

X/em

Figure 43: Map of the total expected ionising dose in kGy for an integrated luminosity of 50 fb™"!
at the T1 station of the SciFi Tracker from FLUKA simulations of the LHCb detector.

=10 g
10 9 = July 2016 QOctober 2015
i 3 Expected dose Expected dose
35 kGy peak = W ®  Measured dose - Na22 s  Measured dose - Na22
10t Ew, |- Fit to measured dose || ----- Fit to measured dose
1 near the - Fit+-10 Fit+/- 10
beampipe B
G T R —
10" =
R T T T e T —
- :
| A I | N
a 50 100 200
Position along the module [cm]

[from Master’s Thesis David Mueller, Uni Heidelberg.]

i, 25 I L D ! L
= - . . . irradiated part k
s ,F: | Lightyield along the fibre [ | 3
5 pt e |
sE b ] Annealing with a time
s v P, ; f constant of 12 days with 35%
C = R D E—— .
T S - - = permanent loss at the mirror
- 3 with LHCb dose distribution.
5 }— ..‘ " —
- ; : : 3 We will measure this again directly in the
50 100 150 200 250 _
[from Master’s Thesis David Mueller] Distance to SiPM [em] LS3 ShUtdown (2026 2028)
18-Jan-24 Blake Leverington — LHCb SciF Tracker for EIC
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lonising Radiation Damage (Fibres)

B

A collection of data from multiple

« Formation of radicals produces irradiation campaigns
. . 102
absorption/scattering centres T F Attenuation of
. s L unirradiated £ &
Strong wgvelength dependence T 1oL fibre “%
(greener is better) A "
= O
* Annealing over time with air g 1
exposure observed = f j%%
- Difficult to study equivalent dose 107 S
rate effects as in experiment B 250
e Evi 10°E &
Evidence of oxygen effects : R. Ekelhof, PhD. Thesis g
» Slight aging even without radiation N (TU Dortmund)
(~1% loss in attenuation 10—l el el
length/year) 10 10 1 10 dosd [kGyl

98ET
14NN
943973013H
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. PDE vs Wavelength. Fibre spectra overlaid.
SiPMs

- ®
= s0p b S
* The performance of SiPMs greatly B st =
improved during the development of SciFi wE E
+ Firstarrays in 2011 had 30% PDE, >20% PET i
crosstalk at AV = 1.3V over breakdown. 0E
+ Hamamatsu $13552-H2017 for LHCb SciFi B¢ E
(installed) had ~43% PDE, 8% crosstalk at AV = 20 f : 2 %
3.5V sE E R
F ] —
* Pixel Trenches 400 500 2500 T[ :
* Gainof >1E6e-/ AV areenetinm ( )
* Optimised shape (fast initial peak)
Sul s
: < 22w
Delayed crosls talk 5&20g —— g 2 O
s ¢ DiXT : ' A bexr a 18; —e— Direct cross-talk % 2
g I,4£_~ N N o g 161 —=— After-pulse e T
s A3 DeXT B r‘:w _'0 o 14f—= Delayed cross-lalk | cj:.é (D]
g e a2 F ' : z2 O
E}"',O IE— - - : Nl::“:h:lo Tﬁ; 125— 2‘._3..
osk SR N e e ———— g 10F - = =
8 Amplitude thres | c o , /41’7/
£ AP Bl DixT-=! O 8t o
0,6;: I I & ‘ DeXT =085 6:
0.4;{ | — g
021*'— 1 , 7 ] 4:
E | i 2
04 - : . O o s
E | BT | Ix107® 2 3 4 5 6 7
0 0.05 0.1 0.15
Time [s] AVIV]
Plots from Thesis A. Kuonen, EPFL gEES
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https://doi.org/10.5075/epfl-thesis-8842

. . . n . 1MeV neutron Eq. fluenceicm2 for 50fb-1 (100mb})
Non-lonising Radiation Damage (SiPMs) S s
®
400 +~ ) . —
» Non-lonising Energy Loss (NIEL) causes damage to the silicon g i R
structure “ Fluka
* Allows thermal excitations to cross the bandgap more easily § of 18 =" simulation
(dark avalanches!) o | |
* Cooling helps reduce the effect te+11
 Borated polyethylene shielding (2x reduction) before the A Srre |
ECAL . | 1 1 1 1 1 1 o+ 2
enordno -300 -200 -100 O 100 200 300 400 e §%
» 1 photoelectron uncorrelated signals Xem) —
* Pixel-cross talk produces 7% 2p.e. Signal, 0.49% 3 p.e. Irradlated SiPM
signals, etc... <10° ( )
+ Eventual overlap at high rates. S | Doses3 ‘D::"ﬂ’”” -
. i 7| —— Dose =6*10"'n, fcm’ - cm -
* Annealing (~30% recovery) Q| —e— Dose = 12*10''n,Jom] S B 22w
)  E————— bext 10% e 220
g‘ L4F AV =805V % g’ —
@ 1;777 1 Niic’fk::ltt = '//, = %g o
08 Thresholds used 10 s B @
0.6 DiXT =117 : =
F DeXT =0.85 ¥ 'y
04F AP =025
02:77 || B L 7i: 2 4 VRS SRR ST SRR SRR SRRSO SRS
e ; 1 60 50 40 -30 20 -10 0 _ 10 20
0.2 T 06 Temperature[°C]
0 0.05 0.1 0.15
Time [s] J— . .
SciFi Operation Point = -40°C
Pulse waveform classified as delayed cross-talk with additional _ . .
secondary pulses recorded at high AV (H2017 at AV = 8.0 V) - DCR = 14 MHz of single p.e. noise at EOL o
St
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READOUT ASIC: the PACIFIC

* Fast (10ns) shaping to reduce spill over
* Double integrators to avoid dead time
* Alternates BX
. . o) P
* Integrate signal charge over the crossing §¢$
A I
* 2-bits /channel from 3 hysteresis comparators : Ao oA A T it s
. - |5 | )| o o | o || @ e | [ | e | 2 | e | w50 s S, EE
« Optimal thresholds are (1.5,2.5,4.5) p.e. for SciFi e : = : O
(a) Pre-amplifier (b) Shaper
‘ . sgn
LR I > I 1rrig'd IPACIFICrS Thresho\d Scan with light cED 2 m
£ L : 01 Lo 'U
$100m\//d| ‘, s =~ - _\\ g % —
PACIFICr5 - K A
! st . . 128
channel o S w235
§ a
k] (%
o fomerd vt Y
LR O I, Wl 7eY o 50 100 150 200 250
BT [Massurs —— "ot ) =)
(c) Track and Hold (d) Threshold scan digitized output
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Modules and SiPM Cooling

Vacuume-insulated
cooling line

~

A single phase cooling fluid at -50C is used.
Kapton flex-PCB

started with Novec 649 (GWP = 1, forms acids with water)
Currently using C6F14 (GWP ~ 10,000, standard at CERN)
Will switch to Novec 7100 (GWP = 300, no acid) )
PFAS-ban by EU means 3M stopping production of Novec. Dry air connector
Requesting derogation for CERN.
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Ti-bar Dry gas
Cold-box

Figure 53: A cutaway view of the cold-box fixed to the fibre module.
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Clustering on FPGA

* Separate signal and noise
e Zero-suppression (2x bandwidth reduction)

* Cluster bandwidth is limited to DAQ (10 per data
link, 16 per link for nearest to beampipe)

* Some-what radiation tolerant IGLOO2 FPGA
provides the clusterization algorithm

* Loses programmability early (but still works)

* also prepares the data for the backend
* 20 Tb/s to the backend (4096 data links)
* ~40% of LHCb data links

18-Jan-24

A = clustered channels
(a) < a large cluster fragment

T 7 SiPM Channels
J L J
v v

Good clusters  Large/Split Rejected

Blake Leverington — LHCb SciF Tracker for EIC
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Commissioning and Calibration
——
* Timing of all the digital clocks needs adjusting 4 scratched fibres
* To accurately set the thresholds one needs to
calibrate:
* gain due to possible variations in temperature
and bias voltage (SiPM)

qo

Laser

« pedestal position (PACIFIC) VCSL driven by GBTx £ 3
»  DAC vs signal amplitude (PACIFIC) and controlled by —
Front-end I SciFi Mat O
e F - — - _
g 1 e || f Data - P
® L yel b — Fit . i B
= : Spectrum x10|_] cZ
08f e :pec rum x . Eé -
B i as O
0.6 - =T
04 =
02f -
ok .

l(I)O. . I I . 150
Threshold DAC

98ET1 113

14NMHNZ
9434973013H
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Tracker Performance 2022/2023

SciFi:
* 98 % hit
efficiency

* close to
design goal of
99 %

18-Jan-24

Efficiency

=

Single Hit Resolution

09F
0.8F
07F

0.6F

_— —_ T T I T T T T _—

2023 (13.6 TeV) E 7000 — ]

T T T T T T T 4 - PO -1
F LHCDbSciFi Preliminary . E &000 F SciFi preliminary 2022
[ Run 270733, T2L0 (Layer 4) ] o =
[ T1L111r',csholds=L2.5,3.S,?§;p.)c. 1 O - Run 256145 3
Fean g 2 sooof u=-0001£0000 2
- ] 2] S SC| F 3

98 % efficiency 3 = 4000 6=0.089+0.000 3

1 Q C .

§ ] > - 3

] [ 3000 E

Edge of the SiPM die ] 2000 =

T AL ATULATERA LW i‘ : : :

63-127 . - -

L e | ] 1000 |- -
0 20 40 60 80 100 120 - Z
SiPM Channel L e e —— T — -

—1 -0.5 05 1

Unbiased residual [mm]

Blake Leverington — LHCb SciF Tracker for EIC 20

qo

o

—m
sz 1
C<D'9‘m
EEL
ca L
=
as O
=7 T
@
@
@
=
o

o
iSEE
o=
mEsmm
oFEA
L‘\—{Wﬂ
23
o=



Tracking performance

seeding efficiencies with respect to (TL) pseudorapidity, (BL) the number of primary

efficiency is close to or larger
than 90% for all types of
tracks that are relevant to
LHCb physics analyses

Efficiency saturates at

around 95% for non-electron,

high-momentum tracks, and

decreases slightly with

increasing number of primary

vertices.

* Long-tracks with
p>5GeV with VELO
typically more efficient

almost half of the tracks

originate from secondary
interactions with the detector

18-Jan-24

ETrau:king [0/(’]

ETrackjng [0/(’]

vertices and (TR) momentum. (BR) Fake r?ltoe increase with PV.

T T .
- £ ] F I + 3
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Figures from https://doi.org/10.1016/j.cpc.2020.107713
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https://doi.org/10.1016/j.cpc.2020.107713

Paella after comletlng the first C-frame
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Nevents over threshold

* 450 GeV beams, Quarters O & 2 only

* “Some” debugging and development still to do
e Timing & Fast Commands (TFC) and Slow-control (ECS) were also new systems

1
0 500 1000 1500 2000 2500 3000 3500
BX 0

A NZS digit Quarter vs SiPMNumber g %
NZSLiteClustersperBX x| ¢ "
DigitsNZSLiteClustersperBX ;
3 = Entries 21
- i i th | Mean 2115 O
- First light ane 29 , 2022! e Dy it
25F 8-bunch train during LHC gga
= O
- ramp-up after LS2 g 20
2 SE
~ 0 5 10 15 20 25 30 35 40 45 9 % (2 I
[ Quarter ID Q0 C)
15 C NZS clusters per pseudo channel z2 T
- & 100410 o
= 3 E ©
C c oE- =
3 SE . . .
1 P we Early mapping issues in the
2 wE software decoding.
05 S0
40§—
0 1 11 1 I | T 1 | | 11 | I 1 11 11 | 11111 I T T I L1l 1 I 1 30%:
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2022 Results

First mass peak observed October 26, 2022

T T T T T T T T T T

LHCb Run 3
VeLO open
Ki—»mtm~ | § e

VELO + SCIFI

50

W
E\
Y

400 450 500 550

Candidates per (1.80 MeV/c?)

m(mwtmn) [MeV/c?]

23-May-2023

LHCb-FIGURE-2023-013

103 presented at LHCP
————T— — T
35 LHCDb preliminary : b
f 2022 Data, 0.77 pb %
30F = Model
— — Background
25 — Signal

20
15

Tight selection

Candidates / (2.50 MeV/c?)

TI]IIWIIII[]IIII]IWIIIII]III]]IIIITIIX

Ill]lllIJII[IIIII]IJIllILIllII]IIIllIl

1850 | 1900 I
m(K~w' ") [MeV/c?]

The invariant mass distribution of K w'at from Dt K gxtgat
decays, selected without (left) and with (right) requirement of
\texttt{HTL1TrackMVA} or \texttt{HLT1TwoTrackMVA} lines being triggered
by the DT candidates. The dots with error bars are real data, the blue line

represents for the total fit model, the red line is for the signal, and the
dashed purple line for the combinatorial background. The signal yields are
503923 + 1871 and 234295 + 571 for the cases without and with the
HLT1 trigger requirement, respectively.
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2023 A

2D occupancy plots of the SciFi Tracker

31303
T3L301
31203 3500
31201
T3L103
T3L1Q1 3000
T3L003
T3L0Q1
20303 2500
21301
21203
2201 2000
21103
21101
T2L0Q3 1500
T2L001
T1L303
TiL3Q1
T12Q3

Solved some significant bugs during 2023, also some
problems persisted
* VELO suffered a deformation of the RF foil
(failure in pressure relief safety system while
under atmosphere end of 2022)
* Couldn’t run in a closed position during 2023

*«  99% of SciFi was operational.
* Some final tuning to achieve last 1-2% of hit

Number of clusters (run 277479)
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Nurnber of clusters (run 276725)

¢ Mostly Heavy-ion data in 2023
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Some first ion plots from 2023
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First invariant mass spectra and E ot ]
performance figures of the 2023 ion ol o gz
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Figure 5: Correlation between the total energy collected in the ECAL and the number of clusters
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Towards Upgrade 2

* Inner region replaced with HV-CMOS
pixels

. Cryogenlc cooled SiPMs
2% crosstalk
* >50% PDE (higher overvoltage operation)

* Microlenses to recover light; could reduce pixel
size

* Would allow for less fibre or more radiation (lower
thresholds)

* Investigating new scintillator
* Now included in ECFA DRD4 collaboration
* SCSF-78MJ is 25 year old tech
* Investigating new fast green scintillator (<4ns)

Laterally-flexible fibre mat with feed-through into a vacuum box

for LHCb Upgrade 2, which may use cryogenically cooled SiPMs.

[Source: Guido Haefeli EPFL]

18-Jan-24
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Conclusion E

* A Scintillating Fibre Tracker can provide good tracking in a hadronic
environment

* We would require more cooling for SiPMs and more light from the fibresto s
tolerate a large dose of radiation without replacement -

O

A

* It is cost effective compared to silicon, but it depends on your i
requirements 2 T
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Figure 36. The leading order diagrams for T (left) and lepton pair [123] u ol cao L
(right) production in v A and -y processes accompanied by Coulomb excitation in 150 E Ty ete- Cj}_ é (@]
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Figure 39. The sTARLIGUT dilepton (et pd) invariant mass (top left), pair pr
(top right), pair rapidity (bottom left) and single lepton rapidity (bottom right)
distributions in ultraperipheral Pb+Pb collisions at /5. = 5.5 TeV [132]. The
single muon (dashed) and electron (solid) rapidity distributions are shown separately
in the bottom right plot. The vertical dashed lines indicate the CMS acceptance.
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Table 3.1: This matrix summarizes the high level performance of the di
of this matrix can be obtained through the Yellow Report Detector Wo:

Blake Leverington — LHCb SciF Tracker for EIC

Tracking
1 Nomenclature Resolution] Relative | Allowed [Winimum-pr | Transverse | Longitudina
Momentun XIXg (Mevie) | Peinting Res. | Pointing Res
=-46 Low-Q2 tagger
-4.6to-4.0
-4.0t0-35
-3.510-3.0 ogp ~
301025 0.1%=p@2%
-25t-2.0]  Backward Detector o ~ 150300
20t0-15 0 ’312;"’ xp dealxy) ~ 401p; | deaiz) ~ 1004
15t 10 ® um@ i0um | ume 20um
1.0to-05
N prp ~ dealuy) ~ deaiz) ~
051000 Barrel 002 xp | ~S%or 400|300 pm 30ipy pm
0.0t005 @ 5% less ®5pum &5 pm
05t 1.0
10015 oyp ~ dea(xy) ~ 40ip;
15020 0.02% * p Wm0 || deatz) ~ 100]
[ : & 1% um & 20 um
20t025 150-300
25t 30 olp ~
3.0t 35 0.1%xp@2%
Instrumentation to separate
35t 40 charged particles from phatons Re
40tods
.5 Proton Spectrometer
’ Zero Degree Meutral Detection
18-Jan-24

The components of an EIC detector will have moderate occupancy as the
event multiplicities are low. However, specific components close to the beam-
line might see higher occupancies depending on the machine background
level.

Compared to LHC detectors, the various subsystems of an EIC detector have
moderate radiation hardness requirements.

Excellent momentum resolution in the central detector (cp,/pr(%) =
0.05pr ®0.5).

Good momentum resolution in the backward region with low multiple-
scattering terms (o, /pr(%) = 0.1p7 ® 0.5).

Good momentum resolution at forward rapidities (0. /pr(%) = 0.1pr ®
(1-2).

Good impact parameter resolution for heavy flavor measurements (oy, ~
20/pr @5 pm).

Good electromagnetic calorimeter resolution in the central detector
(0(E)/E = 10%/VE ® (1 — 3)% at midrapidity).

Excellent electromagnetic calorimeter resolution at backward rapidities

(e(E)/E = 2%/vE @ (1 — 3)%).
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Double-clad round fibres: Kuraray SCSF-78MJ

* Polystyrene core with activator (PTP) and wavelength shifter (TPB)
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Charge [p.e.]

Figure 5.9:

18-Jan-24

:

irradiated part
— 27.07.2016
== 01.08.2016
—+- 11.08.2016
~= 01.09.2016

200 250
Distance to SiPM [cm]

Evolution of the mean light yield in the irradiated part along the fibre
mat over time. In the the high irradiated part near the mirror the an-
nealing is most intense. Also the limitation due to the cluster algorithm
limits the first two measurement runs (red and blue) near the mirror.

Blake Leverington — LHCb SciF Tracker for EIC

Annealing with a time
constant of 12 days with 35%
permanent loss at the mirror
with LHCb dose distribution.
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Annealing of Fibre Irradiation

Irradiated Fibre section

— 18
QL [ irradiated; ch 340-360
§ 16 | =+ 30cm
D [ —— 2cm
;‘ 14 T e b
=
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8 : I om }
3881/15 XZ/n?iT_'zo.59/17
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Locen 9751201035 || Lpeem  11.38 = 0.08802
4 15, 8975=03243 || Lo 6.445 = 0.1825
2 i 124307484 [ 9.317 = 0.5888 [+
oY = A N E P P P
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days since irradiation

Figure 5.10: Time evolution of the mean light yield at the centre of the irradiated
region (channel 340-360) at positions 2 cm (red) and 30 cm (blue) in
front of the mirror. The lines are the fit of an exponential function.
The fit parameters (Lpem, Lo, 7) are given in the boxes.

light yield [p.e.]

Figure 5.11:

Non-lrradiated Fibre section

II;IIIIIII

i %2/ ndf
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[on-irradiated, oh 130210 i) »*/ ndf 36.67/19 |.:
30
‘ $ Zc:'lm Looninas 15.16 =0.05826 |..
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days since irradiation

Averaged mean light yield of the non-irradiated part (Channel 130-
210) monitored over time. The light yield measurement is also slightly
dependent on the temperature. A linear fit is performed to average the
light yield. Both positions see about 15 photoelectrons.
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Dark count
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Figure 6.4: Example of peak categorisations with dark count (top left), DiXT (top right), DeXT
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Cluster Light Yield = Hit Efficiency

Model from 2019 includes
improved fibres and sipms

40 4 ® mat before irradiation
® mat 35 days after irradiation
simulated light yield of irradiated mat
354 —— simulated light yield -
i
EXo
hul
301 ———
o
2
>
£ 251 (. )
2
20 A
cm
5 Worst case sz n
15 4 = - . e < 9 2]
= irradiation model € & =g
L »n %
’ SECC
0 500 1000 1500 2000 ce I
length [mm] as O
. N P =2 O
Figure 14: Measured light yield of a mat before (dark blue) and after irradiation (light blue) @
compared to simulations. Simulations are scaled to point A of the measured light yield before )
@

irradiation (2230 mm away from the SiPM) \

http://cds.cern.ch/record/2673602/files/LHCb-PUB-2019-007.pdf
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