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ARP: ALFA & AFP detectors

ARP (ATLAS Roman Pots) is the combination Aside Ats Cside
- sector &- nteraction Poin sector 1-
of all the Roman Pot detectors in the ATLAS _ QUAFPOS Q4TCLA Q301 Q103 _TcLagi O5AFPQS
experiment: ALFA and AFP i |V
ALFATCL6| TCL5 D2 DI Q2 S Q2 D1 D2 TCL5 |rCLeALFA
AFP (ATLAS Forward Pr0t0n1 201 6): J FAR :tation NEARvstaﬁon NEARvstaljon FAR !tat'ron |\
« 4 horizontal stations at 210 m from the interaction — 2138 205824 m 2ol ZTS0AM
. ime-of-Flight Silicon Tracker SiT SIiT Silicon Tracker Time-of-Flight
pOInt 3 QDarl 0 P3 E’lgjll:’elpﬂ P3pp2lagf PO Pﬂplil’ingié P3|l PO Igllé‘TDlaZ P3 0 IbaZr 3
« Focus on diffractive physics, for standard data takin d | ] X HEEN-
. Dotectors. Py 9 | EEE , EEEN -
etectors. _ ] S I - A\ AL ML - -- R -~
* 3D silicon pixel tracker detectors (SiT): for - . s LN "'f R L L[ &
proton kinematics reconstruction —— e o
1 eam diffractive protons eam 1 ——

* L-shaped quartz cherenkov bars: for time-of-
flight (ToF) measurements — pile-up removal

ALFA (Absolute Luminosity For ATLAS,
2010)
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ARP: ALFA & AFP detectors

ARP (ATLAS Roman Pots) is the combination asde Amas e
of all the Roman Pot detectors in the ATLAS _ QSAFPOS Q4TCLA Q3O QLQ3 TCLags 05 AFPOS
experiment: ALFA and AFP =l NI g W bl |
ALFAﬁ:LBl o5 D2 DL Q2 Q2 DI D2 Tcls |TCE;ALFA
AFP (ATLAS Forward Proton, 2016) - - p— -
. - Al A3 A5 A7
ALFA (Absolute Luminosity For ATLAS, = ha sl )
2010): v /B | e A— R
» 4 vertical stations (8 pots) at 240 m from the A2 G £e A8
interaction point 237 m j 237m.
« Focus on pp total cross-section and elastic physics, =T =
special high [3* optics runs
* Detectors:
» Scintillating fibres for proton kinematics
reconstruction
14 December 2021 I. Lopez Paz 3
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AFP during LHC Run 2 Sy ‘g“ai;ﬁgfg;j'““:
In 2016 only one side populated with SIT detectors 10° '-8 1
- low-u runs only - o . 3
s 8
Full detector installed in the tunnel by 2017: £ Low-pdata 2016% 3

SiT+ToF in both sides of ATLAS R TR T 0 55
- low-p and standard data taking! Petector level kg, £,

1]
H H H g 35;7 I : relr imin; I I ‘ ‘ E g‘ 302_ I reill'nina E
* low-p runs: soft diffraction and (relatively low-pr) & s &-reveom 18 o5 Gerareveon ;
hard d|ﬁ:ract|0n 2 2 i AFP AFAR = a 20; AFP AFAR Gaussian fit é
- on LAt BRI E St =
* high-p runs: photon induced processes . b et i FRT 2 E
10_ Il FM' | _ 2i++++ I eyt ++E
- . . - . i E F B
SiT operation and enough statistics: i Mmmﬁlli*HMh'#im HHI i **H.Wu s AT o tment orecton
. . . -14 12 10 -8 -6 -4 -2 4 2 A 0 1 2 3
* Allow for global alignment using exclusive pu e oge s ]
events E 20: LR g 5 35?IATLJ‘ISPreI:Iimin;ry T § wp A‘;LASPreIill'ninary | I E
N [ track positions, C-NEAR 4000 5 g 30E Vs =13TeV (2017) E 8 25F E=13Tev (2017) =
o~ F ] 3 F 3
15; = 255, AFP A FAR | 1 5 200 APPAFAR Gaussian fit E
1of 2000 E 20%— : g::(ground | — g 15F o pactgroune sigma. 62064055“qu
E - 2000 15; after alignment correction } *; 10? E
of . ? mwi i AT $H T s 3
[ ATLAS Preliminary 0—14 -12 -10 -8 -6 -4 —2 2 4 -2 1 0 1 2 3
B T R TS — 0 0 xAFP - Xy [mm] Xppp ~ Xy [Mm]
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. e L mml mm
AFP during LHC Run 2 (cont) S ey BE
ToF detector (2017) showed excellent time resolution™ T = 1 o ]
e Up to ~20 ps resolution S R R IR

« Able to reach z-reconstruction resolutions of ~5 mm . o vant a2 j van3
However, efficiencies were of <10% 1 ! ¥ Y ]

e Solution: lower gain, better access to MCP-PMT for

train|bar

replacements

E, so:— ATLAS Preliminary N 1954
~ r Vs=13TeV .
. . = 1go- Run 341419 Lowd 4134001 fmm
In 2018 AFP was running in the wrong BCID § | DoulelagToFevenis |ot5  sar7(aon)mm
> C no N, cut
° D t d f I H t Ib t ATLAS Preliminary b 140 Mgt 1896 + 24
a a. Use Or UmanSI y Ca I ra IOn _ AFP/ToF efficiency in run 331020 B
{s=13TeV 120 a) Ny 58+ 11
FAR-A I
. Solutlon more strlngent tests b ;e T S '
vans| 120, 930 a3 e | e (Bo 5 it 147 172 S vanof2t, 2ot 200 a0 |art lo 389 328 ass 547 o 100+ |
— 0.1 1 ' [ £003 +003 +003 |+ 004 s 2o 1T T 1| 28 £002 £002 £002 002 00 s van3| ;0,07 + 006 +008 0. N -
: F E I 7 7 7 B ToF = 492 0.7
§ 0.08]- AFP-track counting MeanandRMS | == M R O AL R A - AL A o M 0 S0 O | e e 5 2| M| 80— et Lk
=] E H 2 : 4 F - 3 5 5 H
$ g'ﬁz_ AFP Side-A Far o o | ETEMTHCHCR T o e M e [ ool M e Bl ¢ g + data
A . ExE b7 | 2 2 2 L H
7 g 1 - REIRCE A R A A A Ol 2 2 M| o[B8 8|2, C . — sig+bgd
0.021 - E gl e e A 40 # bgd
0 R e g .
0.02 E IFr:chfln nalnfl . _ track l‘n lralnli 5 _ track n train 2 _ track in train 3 _ N
-0.04 3 S S S S P [ e e St [T [ S T i o T O000% 100 2 200
g 1 : : X : 00 -100 0 00 200 300 400
-0.061- (s=13 TeV f 7 U =7 -7
g E - TN ) R Y VA %) R 0 M T L Y R - s . - A - 4 Zatias - Zror [MM)
-0.08 5 5 5 5
b ATLAS F’rellmlnaw ,,,,,, o oo s P 1B 2 sz asm | | Jor ors aee am s |de o fos 0w 1w 1w |ie | s
—0.1E L L L 2o 20 Lo S| M N Bl 0ol : om zonzfzoa| | Tent£001 £ 001 £001 £001£001 N "aN1|£005 £ 004 +005 =005 |+ 0 N
" 1glos 18i06  18/07 17/08 16/09  16/10 . > i . .
vano [HREZETN 327 347 no 088 078 084 | —— o 050 046 050 L | 0|08 084 074
+0.02 + 002 + 003 1 +001 +001 *001 +001 1 £001 +001 +001 +0.01 U +004 +004 +004 1
Date in 2018 T 0 wn 0 r 0 ; o
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AFP upgrades for Run 3

More accessibility to MCP-PMT for repairs

* Out-of-Vacuum solution: install Quartz bars in glass
window and MCP-PMT outside the secondary vacuum

* Tested in testbeam campaigns at DESY (Sept. 2020) and
CERN SPS (Aug. 2021)

Low ToF efficiency was due to saturation in high gain

— high rate regime:

 Studied ToF time resolution at lower MCP-PMT
voltages/gains

A new TDC, the picoTDC, has been developed with

improved timing resolution (~ ps)

* Upgrade from High Precision TDC (HTDC, ~14 ps) to
picoTDC

New digital trigger module with ToF pattern trigger
capabilities, and pulser to test ToF outside collisions

14 December 2021 I. Lopez Paz 6
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AFP installation in 2020/2021

Near stations were installed in early 2020, before

lockdown A-side ATLAS C-side
e Fresh un-irradiated SiT detectors to start Run 3 _ @Aﬁsg_;“gjm - Ql'””"“"‘m F’_"‘“gi e TCLfgj‘mé;Alflp o
o o
Far stations installed in August 2021 after TOF  aratcis| Tews b2 or @z 0z DL b2 Tci5 |rcisara
: V v v V
reVIeW passed . J FAR station NEAR station NEAR station FAR station I_
* New ToF detectors and OoV solution 217.909 20852 m 2e2rm 2702
. Time- o Flight Slllcon Tlacker SiT Slllcon Tracker Time-of-Flight
° NeW TOF .eIeCt.ronlcs ] a 0 P3P2Pl Psppzlagfpo X PO P1P2P3 PO P1P2 P3 mr
» Fresh un-irradiated SiT detectors ..- g) ====
« 2 weeks of installation, many more of preparation! g~.-.. B339 Y
- o O ---- o
- ; 150 distance 4 ‘:“Tff;?T 1§50 chstance
] beam p diffractive protons am ! T
Early 2020
August 2021
14 December 2021 I. Lopez Paz 7
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AFP FAR station installation

Assembly of SIT and ToF:

* Individual detector packages assembled

Assembly of OoV solution:

* Finalised in mid-July and vacuum tests passed in both flanges

Electronics tests:

* Pulser was tested in the lab and trigger module was tested in the
tunnel+USA15

SiT and ToF height calibration and installation in tunnel

* Calibration done after repeating and passing vacuum tightness test

* Using CMM machine in b.180 thanks to NSW colleagues!
 Installation of each station right after calibration

Survey and ToF crate installation:
* Survey was performed the week following the detector package

installation in the tunnel thanks to survey team!
* Missing parts were installed the same week

* Pulser tests were done in tunnel, it works!

Survey

Many hiccups but a successful installation!
Thanks to everyone involved!

14 December 2021 I. Lopez Paz
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AFP BIS Validation

AFP to be moved to mid-way beam position during pilot beams (16 and 19 mm):

Needs full Beam Interlock System validation for LHC safety

Interlock tests:

BIS Validation passed before pilot beams!

INJECTION PERMIT: Removal of INJECTION PERMIT when out of HOME

LVDT box tests: Safe self-retraction when PXI is down and recovery, HOLIDAY mode

USER PERMIT removal: Removal of USER PERMIT when reaching an ERROR position, self-
retraction in either WARNING or ERROR position

Interaction with beam modes: similar, but LHC in STABLE BEAMS and ADJUST

DCS and Emergency button extraction

Contral Favorites HWWC Geseral Diagnedtics w’m Adtive Taiks

jaw positions [R200Z1 11-05FS] B

i

Changed ERROR limit to _ e
force extraction and lost of 4§
USER PERMIT ' o

Jaw positions [uml

i

LEEOD  1LOEI  ILOk4d  ILeK00 110620 TL0oEs  D0ed 1R:0% a0
time [hh: ez sl | Y |

U-SEH PEHMIT \.;{ras lost and recovered éfter retraction
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Fill: 7520 E: 450 GeV t(SB): 00:16:39 29-10-21 23:11:51

AFP during pilot beams T emwseroe staseseans |
: 450 GeV 2.43e+11 2.42e+11

Inst. Lumi [{ub.s)*-1] Pl 0.04 P2 IPS:  0.02 IP8:  0.00

New detectors in FAR stations installed, extra readout
upgrades (VLDB and ALTI)

Survey and BIS validation done - pots inserted during
stable beams (only after Loss Maps validation)

Goals: Comments (29-Octs 23212285 33) ok statos of Seam permis

 Timing-in SIT readout (in Standalone partition) Stable Beams

» Timing-in triggers AFPIN
 But will need to repeat for Run 3... o s 1. [T s 2

AFP C FAR Silicon Tracker plane 0
Vs = 900 GeV; B* = 11 m; pot-beam distance = 16 mm
)

— 1"t

o]
o

* Problems with triggers, not enough statistics

.
» Tests with ToF detector and timing-in £ el L
» Stuck in previous steps, no time for integration tests with £
beam E

10

Useful exercise to repeat the process during the
start of Run 3!

14 December 2021 I. Lopez Paz T R o 10
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A-AFP Overlap run
uring BBA 4/2018

AFP preparations for Run 3

Next steps in preparation :
* Repeat BIS validation in 2022 (together with
ALFA)
 Digital Trigger Module Decoder installation
* PicoTDC installation and integration
* Subject to availability
* Commissioning of AFP before the LHC intensity
ramp-up
* Beam-based alignment with ALFA for insertion
during stable beams
* Timing in of triggers and readout during Loss
Maps and BBA runs (experience from pilot
beams)

Regularly participate in standard pile-up runs,
low-u run somewhere around 600 bunch step

14 December 2021 I. Lopez Paz 11
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ALFA after Run 2

ALFA has been in operation since 2010
* End of ALFA life-time was planned by end of Run 2
* However:
» Detectors still surviving from radiation damage
* New high 3* run for physics expected in early 2023
— Chances to extend ALFA life-time!

Preparations needed for Run 3:

* Replace rad. damaged read-out electronics (ongoing)

* Vacuum pumps close to end of life-cycle - refurbish and
replace pumps (ongoing)

« Survey of Roman Pot stations (done)

* Re-commission of ALFA detector trigger and readout
e During start of Run 3

Lots of work to do, but worth the effort

14 December 2021 I. Lopez Paz 12
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ALFA preparations for pilot beams: BIS pre-validation

ALFA stays in HOLIDAY mode, i.e. impossible to move from garage for everybody (including LHC)
e Survey was not performed before pilot beams - insertion not possible
* Not full BIS validation needed

Partial Beam Interlock tests for safety:

* INJECTION PERMIT: Removal of INJECTION PERMIT when out of HOME

 LVDT box tests: Safe self-retraction when PXI is down and recovery, HOLIDAY mode
« DCS and Emergency button extraction

Note that the full validation will need to be done after survey, in 2022

Reschesr 36878 RM310 R

L [ ncoweke
RP_ALFA Intelock System Mo 36582 STATE PXIALIVE[_ [ |
1, RP7
Local Expert Control State Status LVIT . et Outsid 2 meinge - s | Swe | Oter -1 [ s ais
ALLOWED RELEASED AUN 0K ||.-||| m u SI e 'LF
Roman Pots Status . n ‘_
posltlon ) A ot

RP8

01
Woter 41.637 Top detector position 38.04 mm 3503 mm 3801 mm
Bottom detector position 4221 mm  -37.07 mm  -41.23 mm
Resabesr 41,943 AMOE i

Imput Status

No injection permit when . .
outside from HOME position Tests passed before pilot beams - safe in HOLIDAY mode!

14 December 2021 I. Lopez Paz 13
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ALFA during pilot beams
ALFA RP7 (B7R1U)

. . . . Signals in photomultipliers from splashes (29/10/2021)
Partial Beam Interlock System Validation in week 41
— Assure safety LHC operation when in garage

In garage position during the pilot, but with detectors
powered on.

Successful participation in splashes
- signal registered in all PMTs
— Able to test a new read-out electronics

motherboard with beam!

0 10 20 30 40 50 60
MAPMT channel

Successful participation in ATLAS combined

runs — no major problems observed. New motherboard installed
before pilot beams

I. Lopez Paz 14
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ALFA survey and next steps

Survey was performed over 2 weeks after pilot
beams - full BIS validation now possible!

Next steps:
* Full BIS validation in 2022 (together with AFP)
* Commissioning of ALFA with 2 new readout
motherboards
* Beam-based alignment with AFP for
commissioning with stable beams
* Timing in of triggers and readout over the
beginning of Run 3
* Finish replacement of motherboards,
commission new ones during a Technical stop
* Final testing of ALFA detector during 2022 high-
[3* run
* Ready for physics run in 2023!

14 December 2021 I. Lopez Paz 15
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Conclusions and Outlook

AFP and ALFA are getting ready for Run 3
e AFP will run in low-p and standard data taking runs
» ALFA will take physics data in its last high 3* run in 2023

AFP status
 All stations have been re-populated with detectors:
* Near stations with new SiT detectors
» Far stations with new SIT detectors, ToF detectors, upgraded mechanics and electronics
* AFP patrticipated in the pilot beam being inserted out of home position
* Commissioning of SiT and ToF still to be finalised during start of Run 3

ALFA status

» ALFA getting ready for last high 3* physics run optics in 2023

* New read-out electronics boards have been tested in the lab, and are being installed to replace
irradiated ones

 Commissioning of ALFA detector to be done over 2022

14 December 2021 I. Lopez Paz
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LHC Pagel Fill: 7520 E: 450 GeV t(SB): 00:16:39 29-10-21 23:11:51

BEAM SETUP: STABLE BEAMS
450 GeV | B1: 2.43e+11 2.42e+11

Inst. Lumi [{ub.s)A-1] 8  0.00

z
n
=
@
-
=

0 T T T T T T
22/06 12/07 01,08 21/08 10/09 30/09

— ATLAS — AUCE — CM5 — LHCb

! 1
s n ¥ ! 0

T T T T
2000 20:30 2100 21:30 2200 2230 23100

BIS status and SMP flags

Comments (29-0ct-2021 22:55:33) Link Status of Beam Permits
Clobal Beam Permit
Stable Beams Setup Beam
AFP IN Beam Presence
14 December 2021 Moveable Devices Allowed In 18
Stable Beams

AFS: Single_4b_2_2_2_nolLR PM Status B1 ENABLED  d{tB3E{TEN ¥ ENABLED
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