Scintillating Fibre Tracker
and
Lepton Universality in \, decays

Jan de Boer

VSI meeting — 30t January 2023



Overview of this talk

1. Introduction of the Scintillating Fibre
Tracker

2. Assembly to Operation
3. N, decays

% Experimental
Particle Physics
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Scintillating Fibre Tracker (SciFi

* Technology
e Construction

e Commissioning
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The principle

A scintillator converts deposited energy of an ionizing particle

particle into light \

A}

\

Polystyrene (= plastic) with organic scintillators :
= scintillating fibre \

photodetector

Detection of scintillating light with a photodetector: scintillating fibre \
= signal detection

Arranging a lot of fibres in a smart way to determine
the particles location along its trajectory:
= tracking

Scintillating Fibres: light -> signal -> tracking

tracking layer
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Why tracking? Why Scintillating Fibres?

* Tracking is an integral part of the event reconstruction and provides information on:
- primary and secondary vertices (Vertex Locator)
- momentum (Scintillating Fibre Tracker)
- squared four-momentum transfer (TOTEM, ATLAS-ALFA)

 Three major technologies are used for this:
- silicon (expensive)
- gaseous (not fast enough)

- scintillating fibre (inexpensive and fast!)

* Scintillating Fibres also come with a low material budget, and as such this technology has
attractive properties for LHCb’s next generation tracker: the Scintillating Fibre tracker
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SciFi Tracker in numbers

12 layers divided over 3 tracking stations (T1-T3)

* Dimensions: 5x6 meter, total active area: 340 m?
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Cooling

 With a 2.4 m long fibre: limited light yield at the SiPMs

+ radiation impact on fibres and SiPMs

e SiPMs require cooling to -40 °C to mitigate dark current

- limit cluster rates

e Cooling introduces a lot of infrastructure (services):

vacuum, cooling, dry gas, condensation prevention,

safety systems, ...
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Assembly of the detector

* Period from June 2019 — Febr 2022
e 12 C-frames to be assembled

 Services (SiPM Cooling, Vacuum, Dry Gas,
Condensation Prevention System)

* Front-End Electronics (Front-End Cooling,
power supplies, DAQ system)

Full chain of checks and tests done, before a
C-frame is allowed to be installed underground.
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Assembly of the detector

Example: check whether cooling liquid is
circulated properly for the SiPM.

Installing temperature sensors, read-out plus
mapping test via the Detector Control System
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Detector Control System
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Example: Dry Gas

Monitoring of the dry gas SFC_DCS_MON_GAS_T3L0 SFC_DCS_MON_GAS_T3L1
system

Dew Point |-55.14 -54.29 | -55.02 | -54.90 | -52.48 | -55.31 ¢

Flowl 1.34 1.40 1.36 1.27 l/min

 Humidity inside cold box B — —

needs to be kept low: risk of

frost build up and Fm@wm@ ino M1 M2 M3 M4 MSi %

condensation that can MaxFlow S —
. 1.42 |jmin -52.48 - °c
damage eCIUIDment AvgFlow Q 2 AvgDewP
1.03 |/min -54.52 ¢ ac
* The dew point and gas flow ool 15591 ¢ g
inside a cold box are MaxFlow ® MaxDewp
d d d‘ I d 1.35 I/min Q O -55.70 - °C
vgFlow vgDew
measured and displaye Augrlon il "
. . . . . MinFlow MinDewP
 Additional functionalities 1.19 ymin 57.56 - c
Flow Meters DewP
@ @ Fno M1 M2 M3 |M4 MS! @
Flow0 1.35 1.26 1.24 1.19 1.23 Ifmin
Flowl 1.29 1.27 1.26 1.20 1.26 Ifmin

Dew Point -56.31 -55.70 -57.17 |-56.56 -57.56 | -57.09 |-

18/jun/2020

15:47:14 Current C-Frame under Commissioning : T3L01Q02 C-Frame #2 ~
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Example: SiPM temperature

* Monitorin g of SiPM FEE SiPM - Temperatures [°C] SFC_DCS_MON_TEMP_T2L2

Module Trending HO H1
te m p e rat u re M4 HO H1 2277 2277 2276 2276 2510 2448 24.06 24.06 24.53 23.90 2351 2351 2271 22.05 23.63 2429
M3 HO H1 23.84 2384 2278 2341 2304 2369 2381 2381 2334 2396 2220 2283 2239 2239 2318 2255
M2 HO H1 23.79 2379 2471 2471 2528 2528 24.12 23.52 23.59 23.59 23.92 23.92 2237 2237 23.34 2334
M1 HO H1 23.08 2308 24.34 2372 2451 2391 2466 24.66 23.59 2359 2460 24.60 2211 2278 21.50 2150

[ ] SiPM temper‘atu r‘e is at the MO HO H1 2446 2513 23.64 22898 2436 24.36 2564 2504 2552 2486 2477 2413 2514 2446 24.40 2440
core of having an optimal - e

. . M4 H1l HO 2218 22.78 23.20 2257 2237 2237 2464 2464 2255 2184 2315 2257 2400 2400 2313 2313

e rfo rm I ng t ra C kl n M3 H1 HO 22.98 2298 2344 2344 2300 2365 2497 2433 2329 2329 2308 2308 2406 2345 2447 2382
p M2 H1l HO | 23.35 22.05 24.19 24.19 23.38 24.00 23.99 23.99 23.37 23.37 23.79 24.43 23.95 23.95 24.53 23.90
M1 H1l HO  21.96 21.96 22.57 22.57 22.89 22.21 24.41 24.41 22.38 21.81 2238 23.03 22.92 22.92| 21.47 21.47

detector MO HL HO 21.64 21.01 2553 2491 23.30 23.30 21.66 21.66 23.51 2351 2391 2391 2275 2275 2344 2281

CLICK on Quadrant to see its FEE Board details -> ->

* The panel provides direct SFC_DCS_MON_TEMP_T2L3

f d b k t h f t' M Module Trending HO H1
ee aC On e UnC |On|ng M4 HO | HL | 2569 2510 23.74 2437 26.84 2561 2521 2521 2513 2519 238l 2447 2329 2329 2358 23.58 M4M3M2M1MO
M3 HO | Hl (2218 2345 2310 22.52) 2231 2231 2334 2334 2325 2325 2336 2272 2271 2271 23.24 23.24
.
Of the COOIIn S Stem M2 HO | HL | 2443 2443 2424 2488 2560 2560 2355 2419 2444 2560 2431 2494 2265 22.65 2452 2452
g y M1 HO | Hl | 22035 2235 2322 2383 2348 2348 2429 2429 2386 23.86 2476 2348 2292 2417 23.66 23.66
MO HO | Hl 2468 2528 2363 2363 23.07 23.07 2374 2374 2355 2355 2477 2539 2269 2269 2508 2380 2
oy . . ey e
e Addit | Funct lit
Iitional Functionalities ®
Module Trending H1 HO
M4 H1l HO 25.65 24.45 22,06 2266 23.26 23.26 23.49 2349 2579 2579 2519 2519 2241 2241 2286 22.86
M3 H1 HO 22.71 23.37 23.89 23.25 2220 22.20 2377 2313 2266 23.28 21.92 21.92 22.68 22.68 22.22 21.57 0
M2 H1 HO 24.24 24.24 22.05 2267 2395 2395 23.89 23.23 24.00 24.62 2451 2392 2336 23.36 23.87 24.47
M1 H1 HO 22,51 23.19 2371 23.07 2361 24.24 23.00 23.00 2205 2262 2312 2312 21.37 21.37 23.09 23.09
MO H1 HO 22,95 22,95 2273 2273 2331 23.88 2319 2319 2236 2236 2315 2256 2242 2242 2225 22.25%
MA4M3IM2M1MO
20/Mar/2020 L
1,2.39,_00 Current C-Frame under Commissioning : T2L23Q02 C-Frame #3 ~
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Installation of the detector

Serious amount of effort to install the detector
in the cavern 100 meters below surface.

Connect and fire it up!?
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Commisioning of the detector

‘® ) \| LHCb: TOP
. . System State Auto Pilot Sun 25-Sep-2022  13:38:10
Experimental Control System: sl Sessa GEEE - =
. . Sub-System State ~ Run Info
Aim is to operate the detector and collect data gcs 2 mun sumber Actiiy: |
DAI READY - 8 246580 Settings...
in an almost fully automated manner. g ame 3| punstertTime:  Tigger Config: |
Runinfo RUNNING & v 25-Sep-2022 13:32:46 Settings...
TFC RUNNING = ﬂ : ) . v Defer HLT
3 Run Duration: Time Alignment:
EB RUNNING ~ @ o
Monitoring RUNNING = 0 S
Nr. Events: Max Nr. Events:
. . 123'499'416 Events
O n go I n g effo rts at t h I S m O m e nt e Step Nr: To Go: Automated Run with Steps: Start at
4 0 Steps 0
h h I d Input Rate: Output Rate: Dead Time: Incompl. Evs:
_t re S O Sca n S ‘ Alignment & Calibration . - -100% ~100%
Velo ‘racker ichl ich2 uon o
o = Funsees: (1245076064468 1) son son
_tlmlng Sca nS Processing
0.0% 0% 50% 100%
|Disk Usage:a6% | 1. Farm Node Status: | @ 2741.28 kHz 937.35 kHz 000% 000%
-fu I I re a d = O u t C h a I n C h e C ks Efficiency L4 EB Rates Data Destination: Data Type: v Automatic
TFC Control TELL40s ~ LHCb Elog File: nhit1 Run DB

Sub-Detectors: i i § ) § i ) )
| ToET & veroa ff| veroc [Zff| urc |B| sfa | src 9| rRcH1 | §| rRicHz B ecaL |& HcAL | 4§

I READY ~ | NOT_READY ~ NOT READY ~ ACTIVE - - - - - - -

-reconstruction

0o | muona || muonc 9 pLume | 4
e e

Still takes months to get this done! e —— . .

25-Sep-2022 13:32:46 - LHCb_TFC executing action START_TRIGGER
1 25-Sep-2022 13:32:47 - LHCD in state RUNNING

Close
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N\, decays
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Lepton Flavour Universality in A, decays

e Part of the anomalies of b—>s€£ transitions (€=lepton) 0
e Flavour Changing Neutral Current . > d
: : L. Ay oy > u A°
* In SM forbidden at tree level, only possible via higher b > S
order diagrams and therefore highly suppressed w-4'
* Experimentally measured as double ratio: Zly 4
t

o BN) = Aptu™)  BA) = Aly(— ete))

AT %’(Ag — Aete) %’(Ag - AJly(—= ptu~)) ‘
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Event reconstruction

i1

-> decay length=1m (y=15-25)
N e
- Nis ,decaysintop™m
» Reconstruction split into Downstream/Long tracks
» Downstream comes with lower mass resolution

but does increase statistics by a factor 3

* Lepton pair created:

» Dilepton invariant mass (¢~) measured
» Incl. two resonances: J/i and y(2S)

x ‘ OB Theocks

Upsrieam i il
Downstream 1
Velo I >K
LOng
T T T3
p+
Lv T
/\O
/\O
}v o+
-
PV
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Analysis strategy . 1—7‘&

O]

. /\29 ATy~ and /\2% Nete™ decays Jpsrieam |

e Cross-checks via resonances: \elo I >K

LOng

No=> N/D(=>utuT) and Ap—> A(2s)(>ptu”) TR
AD-> N/p(>ete™) and A AY(2s)(>ete™)

q’-range: J/Y Y(2S) Rare P

Downstream \S
s‘a’d\ec
Long (O

 Split over periods: LHC Run1, Run2 Y

N
PV
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