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INTERCONNECTED PROBES OF SOFT QCD & DIFFRACTION
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Why is this the only known force that confines?
Does it accidentally or dynamically conserve CP?
How can we better model cosmic-ray air showers?
How do long-range nonperturbative dynamics emerge?
What measurements improve MC precision to probe new physics?

The strong force is still fundamentally mysterious
Foundational and practical open questions endure
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https://cds.cern.ch/record/2148236/
https://news.fnal.gov/2019/12/the-sparkles-on-the-roof/

Retrospective: diverse ATLAS sQCD science in 2010s
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ALFA o(el) and o(tot) ATLAS+LHCf spectra  Exclusive production Underlying event
Nucl.Phys.B 889 (2014) 486-548 PHYS-PUB-2015-038 PRD 94 (2016) 032011 JHEP 03 (2017) 157
PLB 761 (2016) 158 CONF-2017-075 PLB 77 (2018) 303 EPJC 79 (2019) 666
ATLAS opened rich programme of landmark measurements in past decade
Often requires dedicated detectors, special runs, nonstandard techniques
Advancing nonperturbative QCD, modelling accuracy & cosmic ray science

Non-exhaustive references above: please see full list of ATLAS SM Results
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https://iopscience.iop.org/article/10.1088/1367-2630/13/5/053033
https://www.sciencedirect.com/science/article/pii/S037026931630123X?via%3Dihub
https://doi.org/10.1016/j.nuclphysb.2014.10.019
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https://link.springer.com/article/10.1007/JHEP03(2017)157
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Today: highlight two recent publications

pp - p+X: single diffraction with ALFA (low-p dataset)
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JHEP 02 (2020) 042

Measurement of differential cross sections for single
@, diffractive dissociation in /s = 8 TeV pp collisions
p — p using the ATLAS ALFA spectrometer

pp > p(yy »> €8)p"”) : photon fusion with AFP (high-p dataset)

PHYSICAL REVIEW LETTERS 125, 261801 (2020)

¥ ¢ PRL 125 (2020) 261801

Observation and Measurement of Forward Proton Scattering in Association with Lepton
~ Pairs Produced via the Photon Fusion Mechanism at ATLAS

G. Aad et al.”
(ATLAS Collaboration)

P P ® (Received 2 October 2020; revised 30 October 2020; accepted 23 November 2020; published 23 December 2020)

Two complementary results demonstrating forward proton spectrometry in ATLAS
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801
https://link.springer.com/article/10.1007%2FJHEP02%282020%29042

FORWARD DETECTORS
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ALFA analysis: signal and event topology
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https://link.springer.com/article/10.1007%2FJHEP02%282020%29042
https://cds.cern.ch/record/2649461

Detector-level distributions: nominal & control regions
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estimated from MC
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https://link.springer.com/article/10.1007%2FJHEP02%282020%29042

Measurements: cross-section vs rapidity gap
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Measurements: exponential fit & momentum transfer
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https://link.springer.com/article/10.1007%2FJHEP02%282020%29042
https://cds.cern.ch/record/2206965?ln=en

ATLAS Forward Proton analysis

New instrument for standard high-luminosity LHC data-taking
First high-u physics publication with AFP using 2017 dataset
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Physicists are planning to build lasers
so powerful they could rip apart empty
space

By Edwin Cartlidge | Jan. 24,2018, 9:00 AM

High intensity laser physics Cosmic gamma ray collisions
Science Magazine News (2018), LUXE CDR [2102.02032]
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LHC can study photon fusion production
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https://arxiv.org/abs/1703.00068
https://arxiv.org/abs/2002.05077
https://www.sciencemag.org/news/2018/01/physicists-are-planning-build-lasers-so-powerful-they-could-rip-apart-empty-space
https://arxiv.org/abs/2102.02032
https://www.cta-observatory.org/what-propogation-of-energetic-light-can-tell-us/

Two measurements 210 m apart
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*Formula analogous to parton Bjoken-x for PDFs


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

Signal vs background
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

Kinematics of 180 (yy »> £8) + p candidates
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

Snapshot of results: observation & measurement

First measurements of (yy > 22) +p
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Performance: AFP detector efficiencies & stability
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Importance & outlook
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Soft QCD dissociation and rescattering important for precision but challenging to experimentally probe and reliably predict
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Future: use AFP to directly separate excl vs SD
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

SUMMARY

Proton tagging expands our repertoire to probe the microcosm

pp » p+X: important low-u single-diffraction measurements using ALFA detector
pp - p(yy - 22)p™: introduced proton tagging to high-pu measurements with AFP
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ways we have never done before
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A= First high-p physics publication with AFP @

S [CERN Courier Sep/Oct 2020 Issue]

ENERGY
[PRL 125 (2020) 261801] FR@&NTEER%

Observation and Measurement of Forward Proton Scattering in Association with Lepton
Pairs Produced via the Photon Fusion Mechanism at ATLAS Reports from the Large Hadron Collider experiments
ATLAS

PHYSICAL REVIEW LETTERS 125, 261801 (2020)

G. Aad et al.”

LA Ot b The LHC as a photon collider

M (Received 2 October 2020; revised 30 October 2020; accepted 23 November 2020; published 23 December 2020)
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. h | . h . Umberof eoonsimcled Teck T Fig. 2. Asample of yy — £2 events can be isolated by observing ascattered protonin
scatterl ng wnen lig t turns into matter

Fig. 1. Toisolateasampleof yy—WW interactions,eventswith  the AFPspectrometer. Here, the proton energyloss measuredin the AFPinstalled ither
noadditional reconstructed charged-particle tracks in the side (AandC) of thecoll 1 h

vicinityof the electron-muon pair (n,,.= o) are selected. predicted the lepton pairin th orE.
ATLAS Collaboration
gwoz E=— AFAR (tagin ANEAR) ANEAR (tagin AFAR) —— C NEAR (tagin C FAR) C FAR (tag in C NEAR) j: 30 ATLAS Proliminary
Today, at the International Conference for High Energy Physics (ICHEP 2020), the g*gg e e & am & S
ATLAS Collaboration announced first results using the ATLAS Forward Proton (AFP) g GE Tt = s I TR™ Sl fl =24
spectrometer (Figure 1). With this instrument, physicists directly observed and S 9b R Tev ot i *r'
measured the long sought-after prediction of proton scattering when particles of light X o Nov o JQ_J $opotoba
turn into matter. e o, At s o

-2 -1 0 2 3
Xagp = Xy [MM)

Lepton | H l' b 1
n situ calibration
AFP AFP

2

Scattered Scattered e Source of systematic uncertainty Tmpact
proton proton s Forward detector
i Global alignment 6%
£ Beam optics 5%
i Resolution and kinematic matching 3-5%
? = Track reconstruction efficiency 3%
= St Alignment rotation 1%
W o o om ol Clustering and track-finding procedure <1%
) recve momentum s,
Lepton - 210m -

Alignment  Simulation
Pioneering detector performance work
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801
https://cerncourier.com/a/the-lhc-as-a-photon-collider/

AFP from design to data

Prototype

Single arm low-pu

Double arm high-p

ToF Detector

ner-»
=74

ATLAS Forward Proton
Phase-l Upgrade

Technical Design Report

ATL-TDR-024 (2015)

Technical simulation
For LHC Run 2 installation

AFP Beam-Test Prototype Setup
Tracker: 4+1 3D FE44 pixels  ToF: Quartic

Plane 0 Plane 1 Plane 2 Plane 3 Plane 4
FBK _CNM__FBK _CNM FBK

] inst Puswisao o

Beam tests of an integrated prototype of the ATLAS
Forward Proton detector

D. Nort R. Staszewski P. Swierska/

acker;
and T Sykora”

dty of Physics and Applied Compuer Science,

Fisica,

JINST 11 (2016) P09005

Beam tests
Integrated prototype
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Proton tagging with the one arm AFP detector

The ATLAS Collaboration

ATL-PHYS-PUB-2017-012

Data 2016
Diffractive jets performance

Clusters
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PHYSICAL REVIEW LETTERS 125, 261801 (2020)

Observation and Measurement of Forward Proton Scattering in Association with Lepton
Pairs Produced via the Photon Fusion Mechanism at ATLAS

G. Aad et al”
(ATLAS Collaboration)

®] (Received 2 October 2020; revised 30 October 2020; accepied 23 Nove!

2020; published 23 December 2020)

NEW!

PRL 125 (2020) 261801

Data 2017
(yy > £2)+p measurement

Today: highlight in situ AFP detector performance & innovations with recent LHC data
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https://cds.cern.ch/record/2273274
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801
https://cds.cern.ch/record/2017378
https://iopscience.iop.org/article/10.1088/1748-0221/11/09/P09005

Towards vibrant AFP science programme

A
|
- A
[
S%J r’a; i
| w g
B o=
| K5
VS
P \J‘_<“ P
Diffractive jets Exclusive jets Top quarks Higgs boson
ATLAS PHYS-PUB-2017-012 Khoze et al hep-ph/0605113 Goncalves et al 2007.04565 Cox et al 0709.3035
CMS+TOTEM 2002.12146 Trzebinski et al 1503.00699 Howarth 2008.04249 Heinemeyer et al 0708.3052
p p P2 - - P2 - - P p
TR T
E ~
¥ L £ 4 L
a : i X1
(4 -0
p p P1 2 P P
Leptons W bosons Axion-like particles SUSY dark matter
CMS+TOTEM 1803.04496 Tizchang & Etesami 2004.12203 Fichetetal 1312.5153 Beresford & JL 1811.06465
ATLAS 2009.14537 Baldenegro et al 2009.08331 Baldenegro et al 1803.10835 Harland-Lang et al 1812.04886

AFP Run 2 data: important probes of QCD, electroweak & BSM physics ongoing
Significant Run 3 gains 150 fb™!/14.6 fb™* = up to 10x lumi + 20 ps time-of-flight
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https://cds.cern.ch/record/2273274
https://arxiv.org/abs/2002.12146
https://arxiv.org/abs/2007.04565
https://arxiv.org/abs/2008.04249
https://arxiv.org/abs/0709.3035
https://arxiv.org/abs/0708.3052
https://arxiv.org/abs/1811.06465
https://arxiv.org/abs/1812.04886
https://arxiv.org/abs/2004.12203
https://arxiv.org/abs/2009.08331
https://arxiv.org/abs/1312.5153
https://arxiv.org/abs/1803.10835
https://arxiv.org/abs/1803.04496
https://arxiv.org/abs/2009.14537
https://arxiv.org/pdf/hep-ph/0605113.pdf
https://arxiv.org/abs/1503.00699

LHC: a laboratory for studying photon collisions

Usual head-on collisions \ /
Partons collide to

Q—> <—° > \ make new particles

‘ Photons from
electric fields
>
/ \ \ ‘ collide to
make new particles

/ ‘\ Protonsstaylntact ‘\

Detect with AFP

Fermi (1925) [hep-th/0205086], Breit & Wheeler (1934), Weizsacker (1934), Williams (1934), Heisenberg & Euler (1936), Schwinger (1952)
Brodsky, Kinoshita, Terazaw (1971), Budnev, Ginzburg, Meledin, Serbo (1975), Khoze, Martin, Ryskin [hep-ph/0201301] Bruce et al [1812.07688],
Klein & Steinberg [2005.01872]
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https://arxiv.org/abs/hep-th/0205086
https://journals.aps.org/pr/abstract/10.1103/PhysRev.46.1087
https://link.springer.com/article/10.1007/BF01333110
https://arxiv.org/abs/physics/0605038
https://journals.aps.org/pr/abstract/10.1103/PhysRev.82.664
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.4.1532
https://www.sciencedirect.com/science/article/abs/pii/0370157375900095?via%3Dihub
https://arxiv.org/abs/hep-ph/0201301
https://arxiv.org/abs/1812.07688
https://arxiv.org/abs/2005.01872

Colliding yy spectrum

31{719& [Cm_zs—lGeV_l] Bruce et al [1812.07688]
Y
1 x 103 [ T T —— ]
i | PbPb, L =6 x 10> cm™2s7!, \/s = 5.52 TeV ——
1 x 10 pp,L:2X1034 Cm_QS_l,\/§:14TeV— 7
1 x10% | ;
1% 103 | S _
- PbPb intensity at op can access 5
1 x10%° [ ;
lower miyy) >EW scale
1x10% L
1 x 1028 |
1 % 1027 _ Photons nearly on-shell
: q°~1/R?~0.1 Gev2<</\42W
1 x10% !

T ff 10 100 £ 1000
T YY > CC YYy->711T T M. [GeV] yy > ttoP~1fb
- Yy > ee/up yy > bb | yymass(V3) YY > WW 5% ~ 100 b
Standard candle to probe yy fluxes YY > hSM PP ~0.1fb
& nonperturbative QCD Yy - BSM >
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https://arxiv.org/abs/1812.07688

How AFP qualitatively changes the game

LEPTON COLLIDER

All initial & visible final state
4-vectors measurable

HADRON COLLIDER (NO AFP)

Z .
P; ..., immeasurable

AP (& E
HADRON COLLIDER (+ AFP) _ (8) (iﬁ)
— el E/; Dz/ ¢
= Full p.__ measurable m

E

. o o o Px 0

New event kinematic information! (py) (0
f E
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Colliding photon energy measurable in data

[ T | T T T T I T T T T | T T T T | T T T ) | T T T T I_
m - i
8 60 :_ ATLAS 4 Data 2017 _: ATLA.S [2099.14537]
. N —13TeV. 14.6 fo! N\ - 1 Details for interested experts
o C f ; :; Os ’ 0612b N\ Uncertainty 1 2f8triggers, p (e/u) > 18/15 GeV, |Zze - ztrk| >0.5 mm, m,, € [70, 105] GeV,
; 50 - ostfit, 0.02 < £ < 0. PP—P(YY—UK)P B |Adp,,|/7 >0.99, p_(20) <5 GeV
z C pp—p(yy—ee)p 1 p* =proton dissociates after EM excitation and undetected
g 40F B pp—p(ry—p)p*
w30 Wipp—plry—eelp” FUTURE GOAL
- Combinatorial bkg. A
F B Enables p . 4-vector & dark matter mass
- ] Otherwise impossible without AFP

U - Priss = Z Pr= ZleSlble = mmlss _przniss
0. 02 O 03 0.04 0.05 0. 06 0.07 0.08 inik2) fial

Proton F;AFP closest to &l

, U =
| | | g Ey =€ Ebeam

100 300 500 N

AFP
HADRON COLLIDER (+ AFP) (

E

[GeV]

= Fullp, .. measurable

New event kinematic information!
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https://arxiv.org/abs/2009.14537

AFP DETECTOR

ROMAN POT TRACKER & TIME-OF-FLIGHT INSTALLATION
Insertion into beam pipe 3D silicon pixels o, ~ 10 um One side 2016*
40mm > 2mm when stable Quartz Cerenkov bars ¢, ~ 30 ps* Both sides 2017

Adamczyk et al [AFP TDR]
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https://cds.cern.ch/record/2017378

Colliders are laboratory for extreme QED

Y 3 >
Matter-antimatter -
+ pulled out of vacuum

7 | -0 0~ |-

Work done on charges Pair production
by E field in ACompton* l threshold

r/f eFcrit <2i> ~ 2mc?

B~10"T @ RHIC

Gold lon, y =107

. MeC
AEAt~h/2 N mﬁj’ ~ 108 V m—1 STAR [1910.12400]
H (& .
= virtual loops 22 ; Even stronger fields
polarise vacuum Bt = e 10° T at LHC

*Semiclassical intuition: full field-theoretic calculation requires non-perturbative QED [Schwinger 1952]
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https://journals.aps.org/pr/abstract/10.1103/PhysRev.82.664
https://arxiv.org/abs/1910.12400

Detailed schematic

LHC dipoles D1/2 act as spectrometer magnets

A-side ATLAS C-side
sector 8-1 Interaction Point 1 sector 1-2
Q6 AFP Q5 Q4)TCL4 08 01 Q1 Q3 TCH Q4 Q5 AFP Q6
1. O 1 ri
] Ll L] |
ALFATCL6] TCL5 D2 D1 Q2 Q2 D1 D2 TCL5 |TCLGALEA
FAR station NEAR station NEAR station FAR station
-217.909 m -205.824 m 205.217 m 217.302 m
Time-of-Flight Silicon Tracker SiT SiT Silicon Tracker Time-of-Flight
bar plane plane plane plane bar
3 2 1 0 P3P2P1PO P3P2P1PO POP1P2P3 PO P1 P2 P3 .Oi..
£y EEEE-
: | f-f - - I -
* 2 L1 | | B
A . S A A
i v 150 distance , v f ‘P1‘ v ; 150 distance v >
beam 2 diffractive protons beam 1
Towards Point 8 (LHCb) Towards Point 2 (ALICE)
ALICE
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Global alignment scale calibration: importance & idea

MAD-X beam propagation simulation

2 1 | | | |
Global
absolute =
offset E
€
Detector O
Q0
H
(=
R
- 2
o
o
S i
- B x = -131¢
Beam x = -119€ - 1642
_14 ] ] ] ] ]
0 0.02 0.04 0.06 0.08 0.1
relative momentum loss, €
Spectrometer: - -
Instrument turning
spatial measurements into Directly impacts reconstructed
energy measurements

fractional proton energy loss &
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Beam based alighment: in practice

Sharp signal spike in BLM
when beam is probed
/

=
@ v RBA: Ihcop

File Settings Reset More displays Help
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Jaw corners | Increment | BBA | b [B views m| =]=s] More
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Semi-automatic setup using increments £ L=
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Jaw positions [20/05/17 04:29:21] &6 !
50000 Beam .
Positions readout from the low-level ’
Collimator i
LVDT Motor Resolver 40000 @ Reference
collimator ﬁjz-' @
Hor 1357 1384 1389 £ REF E T
5 30000
E 200001 Besin
e 1
H
10000
Display jaw: (V] Hor (dashed) [v] TBA .
pye or (i _ FIG. 4. The four-stage beam-based alignment procedure for
Positions: [ ]S LVDT V] Li ] M IPL 04 . . . . .
ertons: set MRBT M o collimator i. The reference collimator is aligned to form a
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e — e o . 04:27:00  04:27:20  04:27:40  04:28:00  04:28:20  04:2840  04:29:00  04:29:20 reference cut in the beam halo (1) Collimator i is ahgned (2),
S time followed by a realignment of the reference collimator (3).
Console | : Finally, collimator i is opened to its position in the hierarchy (4).
04:28:07 - cern.japc.ParameterException: Exception|src/LHCRomanPots/Common/Devicelltils.cpp:line_65|4|SetStop, rejecting command: expected states count [1] states [ MOTION_EXECUTION] actual statg 2.

4 I i

No Exception to display...

LHC operations: 20 May 2017
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In situ dimuon calibration: fit & shift residuals

Use (yy »> up)+p signal
as standard candle:
“The J/y of AFP”
p p
Y
Y
p p

£ R L B B L B B BN BB B
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=~ _ [ AFPAFAR 3
g 255 * data E
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AFP acceptance

Near station acceptance “turn-on” due to e.g.
I edge effects plateaus at £ = 0.035

<§U‘: 0.12 T Isl LI L B B B ;‘#L| ATLAS [2009.14537] Near -
ATLA
0.1 Vs=13TeV, 14.6 fb™" Lepton \ /
AFP

Data 2017, SR m, > 105 GeV
Scattered

Filled: matched, unfilled: not matched proton

[]Only Far station

I|III|III

008 __ £JNo AFP acceptance

Measurement region _|

N —i— — = e'e
0.06 __ [T T __

. N | Lepton - 210m

N\ i B il =
N = -
_ —_——
0.04 = apmnt ]
N === —— 5 —

L 5=
N — — > =
0.02 [\ T -

ﬂ/lxlllllllllllll

0.02 0.04 0.06 0.08 0.1 0.12

Proton &’;FP closest to 8,2

Near station acceptance

switcheson at£2 0.026
Upper£<0.12 bounded

Far station acceptance plateaus at£ = 0.02 by beam collimators

bounded by beam-detector distance
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Data/prediction comparisons
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Phys. Rev. Lett. 125 (2020) 261801 [figures]
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Data/prediction kinematic distributions ee/pp
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Phys. Rev. Lett. 125 (2020) 261801 [figures]

35| DIS2021 | 14 Apr 2021 | Jesse Liu


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.261801
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-16/

Signal vs background discrimination on Z peak
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Proton energy resolution
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Full width at half maximum ~ 0.005 = proton energy resolution better than ~ 10%
Good resolution enables 95% signal acceptance for 85% background rejection
Detailed studies/more statistics to precisely quantify but first look in situ & early days
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Previous differential measurements
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In situ dimuon calibration: systematic uncertainties
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Local interplane alighment

Proton leaves clusters measured at x position relative to plane edge

Ideal alignment

\
\

Cluster to edge distance is
the same for all planes

In reality

Cluster positions relative to

plane edge can be different
before interplane alignment
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ForwardDetPublicResults

Systematic uncertainties: impact on cross-section

Source of systematic uncertainty Impact

Forward detector AFP systematics
Global alignment 6% i
e oples 507 e.valu.ated for f|rs.t
Resolution and kinematic matching 3-5% time in an analysis
Track reconstruction efficiency 3%
Alignment rotation 1%
Clustering and track-finding procedure < 1%

Central detector
Track veto efficiency 5%
Pileup modeling 2-3%
Muon scale and resolution 3%
Muon trigger, isolation, reconstruction efficiencies 1%
Electron trigger, isolation, reconstruction efficiencies 1%
Electron scale and resolution 1%

Background modeling 2%

Luminosity 2%
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pp vertices distributed as Gaussian with width o,
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https://arxiv.org/abs/2010.04019

Data driven dissociation scale factor from yy -» 28

Vs=13TeV, 139 fb”
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https://arxiv.org/abs/2010.04019

N(track) veto efficiency vs pileup
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https://arxiv.org/abs/2010.04019

Full Run 2 dilepton distributions from yy > WW
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https://arxiv.org/abs/2010.04019

Why thisisin

teresting: full p

miss

4-vector measurable

Without AFP: only 2-vector measurable

= (2mx)2

miss

Eandp
. zZ
“immeasurable”
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATL-PHYS-PUB-2019-044

ATLAS Preliminary

October 2019 Vs =13 TeV
Model Signatule  [fldt (7] Mass limit Reference
T
30, G—at) Ocu  26jetsl £ 0139 |4 [10x Degen] 1.9 m(F})<400 GeV ATLAS-CONF-2019-040
% mono-jet  1-3jef Eps W36.1 4 [1x,8x Degen] 0.43 0.71 m{g}-m(t?)=5GeV 171103301
e §->q3%" oepn  26jesfl Epe Nizo |z 235 ATLAS-CONF-2019-040
§ H Forbidden 1.15-1.95 m(! ATLAS-CONF-2019-040
& azzoao) 3ep 4jets 36.1 |7 1.85 m(E})<800 GeV 1706.03731
o ee.u 2jets | £ Nas1 | 1.2 m(z)-mi 1805.11381
8 i goagwzl Ocr 7-11jetd EP W31 |z 18 mie) 170802794
3 SSep  Gjets 139 |z 115 m(z)m 1909.08457
S
= e 0-1ep ab fl e~ fres |z 225 m(F?)<200 GeV. ATLAS-CONF-2018-041
SSeu 6jets 139 | & 1.25 m(g)-m(¥})=300 GeV ATLAS-CONF-2019-015
Byby, by —b¥) 0T Multiplel 36.1 | By m(¥ 0GeV, BR(:))=1 1708.09266, 1711.03301
Multiple] 36.1 by m(¥7)=300 GeV, BR(bV])=BR(iY 1708.09266
Multipie 130 |6 m(F)=200GeY, m(¥ ATLAS-CONF-2019-015
o Db Bi—bt — bt Oept T8 2l RECH A 0.23-1.35 130 GeV, mif1)=100GeV 1308.03122
£8 3 0.23-0.48 130GeV, m(i)=0GeV 1908.03122
2
§§.‘ i1, Wbt or i) 02ep o2jetst-fb e fasq |7 1.0 m(i)=1Gev 1506.08616, 1709.04183, 171111520
- g tep 3jets1 @ EP* B139 |§ 0.44-0.59 m{P)=400 GeV. ATLAS-CONF-2019-017
gg iy, i1 by, 716 tretepr 2jest s fseq | 1.16 180310178
L N PPN Oy 2c fl e fesr |z 085 1805.01649
SR i 0.46 1805.01649
Oeu monoell £ps flaet |7 0.43 171108301
12ep 4b Eps W36 | h 0.32-0.88 m(E)=0 GeV, m(7, )} m(¥?): 1706.03986
3ep b 2 RECH A n 086 0GeV, mi) (¥} ATLAS-CONF-2019-016,
23epn Eps W36.4 06 ()= 1403.5294, 1806.02293
ee.pp 21 £ 139 0.205 m(TF)-m())=5 GeV. ATLAS-CONF-2019-014
XX viaww 2ep eps 139 0.42 m(i)=0 190808215
TR via Wh O-lepn  2b2yf EFs Q139 074 ATLAS-CONF-2019-019, 1909.09226
= § Witvialv 2ep e 0139 1.0 1=0.5(m(F5 ym(t])y ATLAS-CONF-2019-008
WS s ront) 2r Eps W39 |7 0:6:0:3] 0.12-0.39 m()=0 ATLAS-CONF-2019-018.
g, I CH 2ep ojetsff e Biae |7 07 ATLAS-CONF-2019-008
2ep =1 eps B139 |7 0.256 m(?)-miF’ ATLAS-CONF-2019-014
AR, A-hG (726G Oep 23b Ep= 36.1 i 0.13-0.23 0.29-0.88 B 1806.04030
dep ojetsff EP Wt @ BR(T! — 7G)=1 1804.03602
B @ Direct ¥ ¥; prod., long-lived ¥; Disapp. trk  1jet i £ Mast | 0.46 Pure Wino 1712.02118
=8 B o1 Pure Higgsino ATLPHYS-PUB-2017-019
DT stavle z R-hadron Multipld 6.1 | 20 1902.01636,1808.04095
sg Metastable g R-hadron, 3—qgt) Multipie 36.1 [x(@ =101s, 021s] 205 2.4 1710.04901,1808.04095
LFV pp—siz + X, Frepfetiut epeTT 32 |# 1.9 1607.08079
YET 10 — wwyzeetery dep Ojets il Ex N3s1 |2 1.33 1804.03602
22 a-qa¥), XY - qag 4-5large-Rffets 36.1 [\ =260 GeV) 100 GV 3] 1.9 Large 1}, 1804.03568
= 1 | EReEER 1.05 20 00 GeV, bino-fike ATLAS-CONF-2018-003
& 7 il B o ihs Multiple 36.1  |EIIEREAER 0.55 1.05 m¥})=200 GeV, bino-like ATLAS-CONF-2018-003
i, fy—bs 2jets+2b 7 |G 0.42 0.61 1710.07171
iih, gt 2ep 2h > 04-1.45 BR(7 —sbe/bu)>20% 171005544
Tu oV 136 Wi [le-10< &, <168, 3e-10< Ay, <3e-9] 1.0 16 BR(i; —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
1
*Only a selection of the available m vits on new st 107! M 1 Mass scale [TeV]
phenomena is shown. Many of the limits are based on [n ISS

simplified models, c.f. refs. for the assumptions made.

With AFP:

impossible no more

Pmiss = Z p

visible
A pr

initial final

Enables direct dark matter mass measurement

Requires efficient time-of-flight for AFP pp vertex reconstruction (Run 3)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-044/

Near future: p_. 4-vector for dark matter searches?

ATLAS [2010.04019]
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colliders no more measure DM mass Run 3: rich physics enabled by ~10x good
quality data with efficient time-of-flight
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https://arxiv.org/abs/1811.06465
https://arxiv.org/abs/1812.04886
https://arxiv.org/abs/2010.04019

Time-of-flight enables AFP pp vertex reconstruction

20

= 200F — 2 :
£ - ATLAS Preliminary Neyore 1223 % A time4 @ ‘
S 180F Vs =13 TeV o
S [ Run341419 Pooma  ~002(0.02)mm ‘ NP
= 160~ Double tag ToF events ofX  57.45(0.03)mm N\ | :
= F N, <4 |
P 140 = Nyga 1162+ 20 _
o C C) n 61+ 11 /
> - sig +
w120 L & P 19 CI.Oijk = bunch k\
B sig A+ 1.3mm Window crossing :
L ~ 25ns
100 g T -
. : ToF J‘ ToF distance
E + data 0 =c/2 At
60— i
- — | +
: ts)gd bgd N cz03mm pst
40 __ .......... g
C ¢ ME bgd

AFP deployed state-of-the-art time-of-flight
Demonstrated in situ using p ~ 2 LHC collisions
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Improvements ongoing for Run 3 data taking
Long-lifetime PMTs to ensure higher efficiencies
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https://pos.sissa.it/373/055/pdf
https://cds.cern.ch/record/2749821
https://indico.cern.ch/event/947406/contributions/4183575/

Double-tagged ToF-ATLAS matching for different vertex cuts
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Figure 14: The distributions of zar as —zrr measured in events with ToF signals on both sides of the interaction region
in run 341419, where z1; 55 stands for vertex z-positions reconstructed as primary ones by ATLAS. The distributions
shown in figures a)-d) correspond to ATLAS data containing a reconstructed primary vertex together with coincidence
of signals in both ToF detectors in four cut scenarios with respect to number of vertices reconstructed by ATLAS,
no Nyx cut, Nyw < 5, Ny < 4 and N« < 3, respectively. A double Gaussian function representing the signal
and background components is fitted to unbinned data samples using the extended negative log-likelihood fit as
implemented in RooFit in all N, cut scenarios. The mean of the signal component as well as the mean and width of
the background component are always estimated from a Gaussian fit to the mixed event data in each N, cut scenario
separately, denoted as yfg‘, yggj‘ and (r‘fé’;‘ The mixed event data zxp o5 — Zrr distributions are obtained by random
mixing of times measured by ToF in either station and the z47745 values which do not originate in the same collision
event. The expected resolution of the ToF detector, quoted as ooy, is obtained from the known single-channel
resolutions convoluted with the actual channel-hit-patterns observed in the data in the no N, cut scenario.

49| DIS2021 | 14 Apr 2021 | Jesse Liu


https://cds.cern.ch/record/2749821

