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Diffraction in pp collisions at LHC

Oiot = Oinel (= 75%) + ¢, (= 25%) Total Cross Section = 100 mb ...
Oine1= Onpt Ocpt Oppt Ocp  (diffractive part 25-30% of inelastic)

inel —
Diffractive events characterized by exchange of colorless objects: photons (QED)
or pomerons (QCD). Pomeron constituents resolved in hard diffraction.
Experimental Signatures: rapidity gaps and very forward protons

S — F),( Soft Diffraciton
——Y p— —>p SD, DD, CD
o Ta ) 2] e described by models

p p p —P P —P Hard Diffraction: SD, DPE
Jote Emts' v W2,y with pomer.on. remnants;
Ve VB, .. W2y DPDF description; gap
2 Y g survival probability S?; CEP;
p p p " p two-photon interactions

... only few fb for rarest processes
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LHC Running Parameters and
Strategies
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ATLAS up to 2015

Side A Side C

ALFA weip  ATLAS Lycip ALFA

>

<4
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Q6 " 2 D 3O VR D D20 osBeamzo Q

LHC Collimators, Dipoles, Qualdrupoles

Central Detector |n|<4.9

LUCID at 17 m from IP (luminosity monitor)

Z/DC at 140 m from IP, to detect neutrons/photons in HI collision
ALFA: scintillating-fiber tracking detectors in vertical Roman Pots
at 237-245 m from IP, optimized for elastic scattering: proton
fractional momentum loss § = 0 and small p;
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pp Diffraction with ALFA

Proton ¢ =1‘Ep/Ebeam acceptance strongly dependent on
beam optics:

} ALFA 23T m ALFA 237 m . ALFA 23T m 1m0
g; LAz s T e D5 a1 g gzl fE = 14 TEV B w50 m, eam 1 § gl 3= 18 TeV, | = 1000 m, bear |
& °F B =285 prad, = 4.5 mm E iy = 0 prad, d = 5.5 mm &-_:- “F Bz =0 prod, d = 2.6 mm F
i detector and LHG aperture outs & [ and LHC aperture cuts i and LHC aperture cuts B0 §
En:u EEl:.' 31.15 .
o 4 v ¥
] A -~ 1]
! P, b, :
: 5 § )
i 8 | 5 £
Ons . 0.os = 0.05
! - 20
1] 1} 0 L 0 0 1
0 1 1 1 1 3 o z
P, — P; P;
*=0.55m B*=90m *=1km
0.06<§<0.12 §<0.17 §<0.17

Standard optics (B*<1m) with limited acceptance for diffracion, and not

useful for studying Elastic Scattering
Detectors moved close to beam (<10 o,,,,,) in large B*, dedicated runs only
Studies on Diffraction with large B* runs also possible
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pp Elastic Scattering with ALFA
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Og, and Oroy

O.or from oy + optical theorem in
B*=90 m runs at 8 (and 7) TeV

Fit range: 0.014 Gev?< -t < 0.1 GeV?
Extrapolation to t2>0

Luminosity from other detectors
(main syst. for o;57)

B-slope fit (main syst. from beam
momentum)

o [mb]

Analysis of runs taken with *=1 Km
(8 TeV) and B*=2.5 Km (13 TeV) coming
soon (smaller t = p measurement)

LHC at E,, = 900 GeV with
B*=100 m probably before winter TS
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Phys. Lett. B 761 (2016) 158
Nucl. Phys. B 889 (2014) 486
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Hard Diffraction with Central Detector:
Dijet + rapidity gap @ 7 TeV

Phys. Lett. B 754(2016) 214

S2 = 0.16+0.04+0.08 (with LO POMWIG)

A7lLAS | lo Da'[a| \s=7 Te\ll, L=6.8 rllb'1
Anti-k, R = 0.6 Total exp. uncertainty
p; > 20 GeV PYTHIA 8 SD, D-L
LI PYTHIA 8 SD+DD, D-L
—— PYTHIA 8 ND+SD+DD, D-L

» Rapidity gap (Anf) 2 u<1 data

» Proton fractional momentum loss estimated v
with calorimeters (£)

» Diffractive component dominant at largest
Anfand smallest § > comparisons to MC

» Overall MC description good

do / dAn| [nb]

¢ oJparticle " 5Tl ¢ particle sEaTTEm
£ 7k 1 P ‘. 1
fevel i . o detgctor flle o
) 103 2:'Ievel e 10° éﬂ
10° 3_ & 10° %
10° 35 10°
AE.
TR Y S e e Y B Y S Y S S S Y . . ATIF
o9, Detecorovellog, & Other studies on rapidity gap
correlation between true fractional proton survival (S?), forward gap spectra,
momentum loss € and estimation from SD+DD, limited to u<1 runs (RUN I)

energy deposited in Central Detector (¢)
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Lol (phase | upgrade) in 2011: CERN-LHCC-2011-012
Approved in 2014, TDR in 2015: ATL-TDR-024-2015

The AFP Project

A-side ATLAS C-side
sector 8-1 Interaction Point 1 sector 1-2
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proton relative energy loss £

AFP Proton Acceptance versus
Beam Optics
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Best acceptance in fractional momentum loss for standard, low * optics

independently of crossing angle

Complementary to ALFA

C. Sbarra - HESZ 2017

11



Tracking Detector Requirements

Beam-pipe view

* §=1-E/E, .., acceptance
dependent on x-distance from
beam = minimum dead area, as
close to beam as possible

e Radiation hard (expect from
5x10%%to 3x10%> neq for 10 fb1)

*  2-3% resolution on centrally
produced mass = o, =10 um,
o, =30 um

0.7~

£ N ‘two photons -

Mass of centrally I K ]
§ % E for distance = 150 2 mm
Produced Sk [ E peam ( )

, - R 0.02<¢<0.1
system X: 8 o3 //// N o -
M2=E £ s S - Upper limit set by position of
SR I 7 - ; LHC collimator
E | ,’/ ‘ --‘ gg‘mmm collimators open ]
=200 400 600 800 1000 1200 1400

mass of two-photons [GeV]
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Selected Tracker

dead area cut to 150 um)

5x10% neg/cm?

Staggered alongy

10V, 2ke’, 10@20ke , DUT plane 2

FEI4 readout chip (4 bits for ToT)
4 layers of 336 x 80 pixels of size 50 x 250 um?

All cluster size

I LI

50.06 - :u-...w 120 Track - DUT —
‘E £ g::.;TT wm Linear Scale
c0.05- = Ogp g = 6.0 um ]
Lg_lj . —ops
Beam test “ooa|  fumenre =2
L RAMS__, o = 7.1 um
2 0 1 6 B :m-l-n- Fit
0.03} e 258
0.02
- Position
0.01} ]
, | Papegin preparairr‘on
0 .
-40 -20 0 20 40

4 planes/station

r€Syacc.our (MM

-> Tracker resolution (X) of ~3 um/station

Slim edge 3D pixel sensors (as in ATLAS-IBL +

validated for non-uniform irradiation up to

14° tilt in x (2 pixels/cluster) o, = 6 um/plane

Carrier card
Bare Assembly

arra - HESZ 2017
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Timing Detector Requirements

z...= 72C(t, -t
* Identify primary vertex in high — 2( )

pile-up events (up to u=55) -
o, =10 ps, or 0,= 2 mm

* E>90% (trigger)

* Granularity to reject pile-up
protons in AFP itself (SD + ND, DD

. FIRIEERIRR R — N
: & : . \ ]
events with protons from S £ ATLAS simulation . 3
. . 3 1 L
hadronization + beam halo, beam- g 7 . . !
a ' / . ]
gas...) E jorf 4 . |
} Y £ / - -
a [ — >p (13 _,_°< Y % [ // o ]
gmm P 103! [ 4 . !
oL L a E/ /¢ i
R T 0 S . . Detector position 2 mm
g > c 1 4 " + Timing 20 ps
b X b </X 2 0 [ Pythia 8 + Timing 10 ps 1
Double Diffraction (DD) Non-Diffractive b | + M >800 GeV
L:105~‘4AA‘A‘A.A.L ........... | PRP——
10 20 30 60

Essential to exploit high pile-up datall!"
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Selected ToF

4 trains of 4 Quartz Lbars at Cherenkov
angle with respect to impinging protons

light readout by MICP-PMTs

Electronics includes CFD for triggering,
HPTDC for Time of Flight

Approaching goal resolution with 4
uncorrelated measurements (beam test
for R&D still on-going)

(TRAIN)=14 ps Resolution of train 5 on edge
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AFP 0+2 (2016): First Data

. ATLAS Prellmlnary

3(4) planes of SiT in near (far) station (side C)
No ToF

DAQ ready by March, insertions during LHC
intensity rump-up, beam-based alignment
» good plane alignment, signals as expected
» Trigger (plane-majority logic) timed in

Data from 300-bunch run, pu<26, f*=0.4 m

Distance from sensor edge, y [mm]

2 Observed hit pattern A

:".

b

16 14 12 10—8—6—4—2 0

Distance from sensor edge, x [mm]

I I I I

ATLAS Preliminary—:

Observed Pixel
Multiplicity:
mostly 1 particle
(2 pixels thanks
to 14°+tilt)

Illllllllllllllllllllll

| T + - L L

VG—J _""I""I""I““I"“I“"l"liI1 ';' E- :I
c r . = = C
§ 300 Observed hit s < g 05
- . . . = > C
E o501 correlation in = % 2 i
3 - different J dinx 2 TF
S 200E glan: S £
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Pixel rows in Plane 0 C. Sbarra - HESZ 2017
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Events with tagged protons and jets

ATL-PHYS-PUB-2017-012

Low pile-up run: pu=0.3, f* =0.4m

AFP triggered

®  >5 AFP tracker planes with one cluster

= atleast one jet with p;> 20 GeV and |n|<3

®" no more than one vertex, no pile-up

Minimum Bias triggered

1_dN,,
N, dan”

= > 2 hitsin MBTS

= at least one jet with p;> 20 GeV and |n|<3
= No more than one vertex. no pile-up

L LR LA R LA LR A B
1= ATLAS Preliminary
3 @ AFP trigger
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- - —_—
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- . : .
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° .
™ .

gcal - E

estimation
from energy
in calorimeters

x-pixel [50 um]

Energy-position

correlation in SD 1005

C. Sbarra - HESZ 2017 -3

_—l
(= w
=
Aa
-

-25 -2

ks

Detector level log, 0

fip -

“cal

Min. 1 jet, Jet p_= 20 GeV
Near station plane 0

05 0

Detector level log, o;:cal

05 1



2016 summary

First arm of AFP installed ( 2015 End of Year Technical
Stop) with Si trackers in two stations and fully
commissioned with 2016 beam

AFP inserted upto 20 6, (Y3 mm)—=> ¢ . =3.5%

Various insertions in fills at high pile-up (alignment,
study of beam bkg, radiation)

hit-probability in AFP per minimum bias event: 1.5%
(near station) 2.0 %(far station) = estimate of pile-up
in high-u double tagged events for 2017

AFP validated as proton tag to select SD events

Two low pile-up runs (u<0.3, L =0.5 pb1) to be
analyzed for Physics

C. Sbarra - HESZ 2017 18



AFP 2+2 (2017): Second Arm

Successful installation and ,'R: F:,, ;\.
calibration of second arm (side A) /Y ‘F""g <\
All detectors in: ToF in far station L N\
behlr.u-zl SiT on bo’Fh S|d§s ,,‘// .. ,/’4/'& )
Qualified for full insertion TN '}
120+0.3 mm (1.5-2.7 mm) <\ ’/
. . . Sili g\ , 2 6
Full integration in ATLAS DAQ AE /
.

Correlation between ToF and SiT ToF Detector 9§ ®
signals observed

Trigger signals to ATLAS timed in
correct BCID (both SiT and ToF )

ToF resolution under study with both
data and beam test (understand
cross-talk, efficiency, resolution,
showers,bkg...)

A HUGE amount of work!

C. Sbarra - HESZ 2017
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AFP now taking data all the time at high pile-up

Inst. Lumi [(ub.s)A-1] IP1: 6238.26 : IPS: 6251.84 IP8: 287.71

y and Beam Energy Updated: 18:16:04 Instantaneous Luminosity

i 10000 N\T
8000 -

6000

Intensity

4000

2000

Luminosity / 1e30 cm-2s-1

lr_J J jj_] _] 0 T T T - r T =S T - -

20:00 23:00 02:00 05:00 08:00 11:00 14:00 17:00
| 1 1 1 1 1] |
20:00 23:00 02:00 05:00 08:00 11:00 14:00 17:00 — ATLAS — AUCE — CMS — LH(b

BIS status and SMP flags
(10-Sep-201717:11:13) Link Status of Beam Permits

_ GClobal Beam Permit
Roman pots in

Setup B
Xing angle at 120urad etup beam

Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: 25ns_1916b_1909_1042_1560_112bpi_20i8b4e PM Status Bl ENABLED [l IS €1TEN - ENABLED




few operational issues...

Jitter in reference clock (one side) solved at
beginning of September (no z-vertex
reconstruction before) - focus on getting
z-vertex distributions since then

HV/LV cables integrity (SiT plane inefficiencies)

Radiation effects (SiT currents, auto-recovery
from SEU in electronics) are maneageble

Ageing of DAQ fibers (monitored/under control)

..and no show stoppers
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Physics with AFP 0+2 (1 <

L =0.5pbt
In 2016 at p<0.3

Improve and extend
ATLAS SD studies based

on rapidity gaps

1)

| Analysis | Motivation | [ Ldt [pb~ ] | Optimal p
Soft Single Diffraction with AFP0+2
l do/dt, do/d&, t-Slope vs. &, | Saturation, MC tuning, Cos- 1 A~ 0.01
dN* /dpy vs.t and & mic Ray physics
Single Diffractive jet Production [21]
"0, rapidily gap, Jet structure and | gap  survival  probability, 10 - 100 u~ 1
pr,event shape (MPI [21]); vs. ¢, | Pomeron structure
& and B Pomeron flux, MC tuning
Single Diffractive jet-gap-jet Production [22)423, 24]
o, central gap distribution, Jet | observation of a new process, 1 - 100 T
privs.t, &, and B test of BFKL dynamics
Single Diffractive Production of y + jet [25]
o, rapidity gap, Jet structure | observation of a new process, 10 - 100 pe~1
and pr, Photon pr, event shape | mechanism of hard diffrac-
(MPI); vs. t, &, and B tion, gap survival probability.
Pomeron structure
Single Diffractive Z Production
o, rapidity gap, charge- | gap survival probability, 10-100 ue |
asymmetry; vs. ¢, &, and | Pomeron structure
B _qtent
Single Diffractive W Production ua"\( v
o, rapidity gap; vs. t, m gap §L1w€6m®Y&‘clblllty, 10 — 100 p~ 1
Pomeron structure and flavor
composition

C. Sbarra - HESZ 2017
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Physics with AFP 2+2 (low )

Soft diffraction: separation between SD/DD components,
high purity samples for quantitative model testing

All SD channels mentioned before

DPE jet and y+jet production (DPDF, gluon/quark content of
Pomeron in clean samples)

DPE Jet production, p{!' > 50 GeV
AFP 204 m, Vs = 13 TeV, B* = 055 m, dagp = 2.85 + 0.3 mm

P 1 prozemem T ———— ]
P P _o08f
i (&)
jet 2
6 6 4 w 06
. &
jet jet > 04rF
5 | e AFP tag
® o2k tag + one vtx )
' e tag + timing (20 ps)
p L
0.01 0.1 1

mean pile-up, <u>

Up to 10 pb! expected in 2017-2018 runs
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Physics with AFP 2+2 (high )

Central Exclusive Jet »

Production
First observed by CFD@Tevatron
Low o -2 high pile-up run

— double tag

- ToF to control bkg p

Photon-induced
WW/ZZ /vy Production

Best sensitivity to aQGC (few %
missing mass resolution): factor 100
better than “standard” LHC analyses
(sensitivity to higgless models, extra
dimensions)

New Particles?

" 1800 exclusive jets
non-diffractive jets

3 1600 !
= o 14002 - single diffractive jets
o - E
c § r - central diffractive jets
o H et o 1200
C J k] 000:
=] — —
e é 1 E ATLAS Simulation Preliminary
o
3 S 800¢ AFP (& = 60%), 6(t)=10 ps
o . t [ = r
E Je 600 \s=14TeV,L=40fb" n=23
3 4001 ‘ 200 <M, < 660 GeV/c?

ZOOL‘\—|—

150 200 250
leading jet transverse momentum, pf‘" [GeV/c]

Compare mass and rapidity
of central and pp systems

p AFP mass acceptance for double tagged events
p 1 T T T T
Vs=13TeV, p*=0.4m 156
TCL4/5 at 15/35¢ = -=== 200
v 0.8 - AFP distance from 2016 BBA iy
W, Z, V 8 o /N
g / 1" \
[0) /
g 04 a
© 7
) w,zy ., N
ol / VAN \
p 0 200 400 600 800 1000 1200 1400
p missing mass, My [GeV]

Dileptons good for calibration
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The (foreseeable) future

« Run 111 (2020-2022)

— Run with possibly improved detector (luminosity in
standard runs increased mostly by leveling)

e HL-LHC (2025 and beyond)
— Available space/optics?

— Detector at 420 m for exclusive Higgs (defined spin-parity
state) and H—=>bb (couplings)?

— yy2WW/ZZ/yy and new high-mass resonances

Research Program will depend on LHC strategy
and Previous Results
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Conclusions

ATLAS has been complemented with a new system to
tag Forward Protons, complementary to ALFA (the
former for standard B* runs, the latter for large *
ones)

AFP is now taking data with ATLAS and is qualified for
full insertion at 120 + 0.3 mm (1.5-2.7 mm)

Work still ongoing to get z-vertex resolution

A rich physics program including studies of pomeron
structure and searches for BSM Physics is opening in
RUN I

Perspectives for RUN Ill and beyond under
investigation
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