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Diffraction at LHC

Exchange of vacuum quantum numbers

o .::.:i;‘ Gap .“.‘;"‘- Gap ...:.:'_:‘ ; Gap ..:-::‘..:... Gap
Soft diffraction - phenomenological models  mru il ';-‘-
- - p p
Hard diffraction - pomeron structure, DPDF
diffractive parton distribution functions
Jets
LHC running D

Small B, large p - rare processes, diffraction only with pile-up rejection

Smal B°, small u - inelastic pile-up modeling, underlying event, diffraction
talk of T. Sykora

Large B°, small u - total cross section, B, p, soft diffraction + CEP (ALFA)

central exclusive production
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AFP tracker

Requirements

Minimal edge to measure low ¢

Radiation hard (3e15 cm™ Neg
per 100 fb™"), non-uniform

irradiation

Resolution below 10 um in x,
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AFP 3D Si tracker

Almost edgeless 3D Si pixel sensors (dead material of

150 ym, ATLAS IBL)

4 planes with 16.8x20 mm? area, %0.06:
50x250 um? pixel size goos

FE-14 readout -
14° tilt in x, staggering in y 0'01

Spatial resolution 3 umin x, 30 uminy
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AFP  AFP ATLAS AFP  AFP
214 206 jet 206 214

AFP Time-of-Flight | e W,

Requirements

Interaction vertex through time
difference

Detector time resolution below 30 ps

Z,.. = C(t -t;)/2 - ~6 mm resolution

Background suppression by vertex
matching




AFP ToF detector

4x4 quartz Cerenkov radiating LQbars

MCP-PMT (Photonis XPM85112)

Fast electronic readout (amplifiers, CFD, HPTDC)

Time resolution 20 ps (beam tests)

Resolution of train 2 on edge 5A (RMS=0.066 ns)
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2016: AFP 0+2

Near and far station on C-side with SiT, no ToF

Commissioned during LHC intensity ramp up

Insertions at high pile-up up to 200

AFP validated as a proton tagger for SD events
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Physics prospects with AFP 0+2

Two runs with small pile-up (u =0.03 and 0.3, L = 0.5 pb™")
Improve and extend ATLAS SD studies
Soft diffraction, SD jet, jet-gap-jet, y+jet, SD W and Z production

Pomeron flux, MC tuning, gap survival probability, Pomeron
composition
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2017: AFP 2+2

Near and far station on A-side
All detectors in: SiT+ToF

Qualified for insertions at 120beam+ 0.3 mm (~1.5-2.7 mm) |

AFP inserted on regular basis
Trigger and readout timed in to correct BCID for both SiT and ToF

ToF performance under study (time resolution, cross-talk, efficiency)
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Physics prospects with AFP 2+2 - low p

Three runs with p ~ 0.05 (soft diffraction), 1 and 2 (jets, W, 2Z)
SD + DD, DPE jet and y+jet

: DPE Jet production, p 1ot 5 50 GeV
Very clean samples for model testing, DPDF AFP 204 m, s = 13TaV, "= 055 . dygp =285 + 03 m
1 p=
and Pomeron quark/gluon content
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P P n& 0.6
jet y ° .
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Jet jet we -~ tag + timing (20 ps)
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Physics prospects with AFP 2+2 - high p

139 AFP physics insertions in 2017
(29.6 fb")

Prospects with good ToF performance:
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Physics prospects for BSM

S. Fichet et al., Phys. Rev. D (2014). arXiv:1312.5153
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Outlook

Future AFP program depending on measured high-uy backgrounds in Run 2

Run 3 (2020-2022) - possibly improved ToF detector, running with higher
luminosity

HL-LHC (2025+)
Ongoing investigation of perspectives and potential upgrades
High mass resonances

Stations at 420 m (for lower missing mass, e.g. exclusive Higgs) ?
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Summary

AFP installed in the ATLAS forward region to tag forward protons

AFP taking data with ATLAS, qualified for insertion at 120beam+ 0.3 mm
(~1.5-2.7 mm)

Rich physics program - precision measurements, pomeron structure, BSM

Running during Run 3 and beyond under investigation

Thank you for your attention

Author gratefully acknowledges support from projects MSMT no. LM 2015058, no. LTT17018; and IGA_PrF_2017_005 of the Palacky University.
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Detector and TDAQ (2017)
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Proton trajectory is determined by the LHC magnetic field.

LHC structure and proton trajectories in vicinity of IP1; ¥5 = 13 TeV; f* = 0.4 m; beam 1; 8, = -185 prad
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Analysis

| Motivation

| [Ldi[pb~"] | Optimal p |

Soft Single Diffraction with AFP0+2

defdt, dojdé, t-Slope vs. &, | Saturation, MC tuning, Cos- 1 p~0.01
dN*/dpr vs.tand £ mic Ray physics
Single Diffractive jet Production [26]
o, rapidity gap, Jet structure | gap survival probability, 10-100 p~1
and py, event shape (MPI [26]); | Pomeron structure
vs. t, £, and 8
Single Diffractive jet-gap-jet Production [27, 28, 29]
o, central gap distribution, Jet | observation of a new pro- 1-100 p~1
pr:vs.t, £, and B cess, test of BFKL dynamics
Single Diffractive Production of y + jet [30]
o, rapidity gap, Jet structure | observation of a new pro- 10-100 H~1
and pr, Photon pr, event | cess, mechanism of hard
shape (MPI); vs. t, £, and 8 diffraction, gap survival
probability, Pomeron struc-
ture
Single Diffractive Z Production
o, rapidity gap, charge- | gap survival probability, 10-100 i~ 1
asymmetry; vs. t, £, and S Pomeron structure
Single Diffractive W Production
or, rapidity gap; vs. , £, and g gap survival probability, 10-100 -1
Pomeron structure and
flavor composition
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Analysis

| Motivation

| [ Ldt [pb™'] | Optimal p |

Soft Central Diffraction with AFP2+2

dofdty >, dofdé 2, t-Slope
vs. & Mass M and y of the
central diffractive system,
VS. @2, dN*}dpr; vs. hi2, &1,
M.

general understanding of
DPE processes

Central Diffractive jet Production

(DPEjj) [33]; see also Sect. A

dofdt 2, dofdé >, t-Slope
vS. £, dﬂ',l":fpf, Mass M and y
of the central dijet system, ¢
VS. i

gap survival probability for
DPE processes, Pomeron
structure, general under-
standing of DPE processes

Jet-gap-jet Production [27, 29]

doldt 5, dojdé s, dojdM

Jr
central gap distribution,

dﬂfdpj';:;1 ¢y VS. ¢

observation of a new pro-
cess, test of BFKL dynamics

¥ + jet Production

o, rapidity gap(s), Jet structure
and pr, Photon pr; vs. t) 2, & 2,
and M;;

observation of a new pro-
cess, mechanism of hard
diffraction, gap survival
probability, Pomeron struc-
ture

1 H~0.1
10— 100 p~1
10— 100 p~1
10— 100 n~1
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Exclusive jets
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Exclusive jets

Cutflow:
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Anomalous quartic coupling

Events
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