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Soft QCD in the sky! |

Soft QCD is everywhere

- Key area of SM where knowledge
of fundamental processes is limited

- Theoretically:
- Beyond pQCD regime

- Employ phenomenological
models with tunable parameters

- Measurements are vital

-+ Crucial input for other LHC searches
+ measurements & beyond!

Today: Diffractive, elastic & total x-section

See also: PDG sQCD review & 50 years of QCD cosmic ray air shower



https://pdg.lbl.gov/2021/reviews/rpp2021-rev-soft-qcd.pdf
https://arxiv.org/pdf/2212.11107.pdf

LHC Strong interactions P = Pomeron
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LHC Strong interactions P = Pomeron

Elastic scattering
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Elastic scattering




Elastic scattering
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Going forward
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Diagram by Jesse Liu
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ATLAS Forward Proton
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Absolute Luminosity For ATLAS
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ALFA detectors

A-side C-side
ALFA Q5 (12 Q3 Q1 Q1 Q3 D2 Q5 ALFA
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Detectors within millimetres of beam — Can measure smaller t

Position protons hit ALFA depends on kinematics & LHC magnets
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ALFA detectors

Main Detector (MD)
For physics analysis

Outer station

Overlap Detector (OD)
For alignment

Inner station

-
"

Challenge: Need good understanding of detector alignment & performance
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Elastic scattering with ALFA

Fundamental LHC process: Proton-proton scattering

Colour singlet exchange

P
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t=(p _P3)2 = (py — Ps)’°
R —(pd)” = - p;

Proton t determined from
proton position measured by ALFA
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Elastic scattering with ALFA
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Probe smaller t via: Less focused beams (higher 3%), lower \/E



Elastic scattering with ALFA

Coulomb-Nuclear-Interference (CNI) region

Lydia Beresford
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Elastic scattering with ALFA EPJC 83 (2023) 441

Dataset: /s = 13 TeV with * = 2.5 km

Selection: data quality, trigger, reco, acceptance + exploit correlations e.g.
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https://link.springer.com/article/10.1140/epjc/s10052-023-11436-8

Background estimation
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Many aspects of analysis utilise data based approaches:
Alignment, reconstruction efficiency, optics
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do,, /dt [mb/GeV?]

(Fit-data)/data

Elastic differential cross-section

Corrected for experimental effects: acceptance, efficiencies etc
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Extract physics parameters
from profile fit

Elastic fit function:

da

= ) + fc(t>e1“¢<’>

" 16w

G*(t)
]

fc(t) = —8mahc

tot —B|t|—Ct2—D|t)3

NG = (p+1) 2= 2

_ Re[fu()]
Im[ fer ()] |,

17



Systematic uncertainties

Fit takes into account: statistical & systematic uncertainties & correlations

Main uncertainties: Alignment, luminosity, reconstruction efficiency

Dedicated luminosity analysis performed for these ALFA runs:
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COMPETE = a standard
L measurement evolution model based

on semi-empirical fits

p = 0.0978 £ 0.0085 (exp.) £ 0.0064 (th.)
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p probes CNI region, low value in tension with COMPETE

— Could be explained by Odderon or a slowdown in rise of o, at high \/E .



Total hadronic cross-section

owot(pp — X) = 104.68 £ 1.08 (exp.) = 0.12 (th.) mb

Fe) 250_ 115 F ' ' ' 3
S L . ATLAS : LHC zoom |
5 B TOTEM 105
O 200 = Lower energy pp 100 :
~ o Cosmic rays LA
- —— COMPETE HPR1R2 9 | | |
| —— FMO 8000 10000 12000
150 ----- BCBM
— - KMR
T HEGSO0
_ -.-.- BJAS
100
50—
- ATLAS
O IIIIII | | IIIIIl| | | IIIIIII | | IIIIII| | | L1 1
10 10° 10° 10° _
s [GeV]

2.2 o tension with TOTEM o, result, similar trend seen at 7 & 8 TeV



Nuclear slope

do/dt can’t be described by a simple exponent

For comparison measure B-slope in dedicated fit at small |#| (slope ~ const.)

B-slope in agreement with totem
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Derived quantity

Total inelastic cross-section agrees with ATLAS MBTS measurements
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Derived quantity

Ratio of elastic to total cross-section in tension with TOTEM results
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Diffractive processes P = Pomeron

Single diffractive Double diffractive Central diffractive
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Diffractive processes P = Pomeron

Single diffractive (SD) Double diffractive (DD) Central diffractive (CD)

p Oé}x(Mx) p Oé}x Q P }
P X
O b P Oé}" 4 '

-T2

Pomeron exchange with dissociation into diffractive system

Input for MC generators, improve:

- Pile-up modelling
- Modelling of cosmic-ray air showers

Lydia Beresford 25



Measuring diffractive events P = Pomeron

Single diffractive (SD)

T——

}x(Mx)=@

Fractional
proton energy loss

Diffractive system X:
- Rapidity gaps using ATLAS tracks or calorimeters

- Low number of tracks in ATLAS .



Measuring diffractive events

SD

DD

CD
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https://www.slac.stanford.edu/pubs/slacpubs/6250/slac-pub-6463.pdf

Rapidity gaps

/ An Edge of detector
.~ acceptance

*
*
*
*

Diagram by :
James Kendrick MBTS

Larger of two empty # regions wrt edge of detector acceptance

Tracks only wrt n = =& 2.5, tracks & calorimeter clusters writ y = £ 4.9

Lydia Beresford
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MBTS (Min Bias Trigger Scintillators)

Select events with as little bias as possible
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In forward region 2.08 < |n| < 3.75, in front of end-cap calorimeters
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Single diffractive EPJC 72 (2012)1926

x 7

w

ATLAS —e— Data L =7.1ub"
\'s =7 TeV — PYTHIA8 4C

p. >200 MeV Non-Diffractive
= Single Diffractive

'/ / /| Double Diffractive

.|IIII

N
o1

do/dAn" [mb]

N

II|IIII|IIII|IIII

—_
9]

—

r / / / 1 4 4 /
YAV AY S N by syl >
VA VA A A A A a4
-~ / FA / / / / / / / VA / / / 7
. — /S S S S S S S S LSS S S S S S ravaw,

A /S / / / / / / / / / /
i SRV ARy Y / / f S/ . £ / / / 4 / /

/ y, 7

[/ / / YA / / ; /o / / YAy / /o / /

/ /
/ / VA YA A A AR AR A A /

1.5

L ~. d
ey
-~ b ~
e .
S .
S B
T S~ T
~
L ™~ R
~ )
= S
- S .
. 2 "
T .
= . h
~ ~
- s h
_ o

MC/Data

7

N

W

NE

o1

(o))
MookLLLl

>
=

Rapidity gap using tracks & calo clusters

Possible to separate diffractive and non-diffractive

Not possible to fully separation single and double diffractive
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https://link.springer.com/article/10.1140/epjc/s10052-012-1926-0

Measuring diffractive events

Single diffractive (SD)

=

P = Pomeron

X(Mx): \@

Fractional
proton energy loss
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AFP: active in high & low-u runs, very fast Time-Of-Flight detectors,
acceptance at higher mass, horizontal insertion, good ¢ resolution

ALFA: vertical insertion, complementary acceptance to AFP, good t resolution
32



Going forward

17m 140 m 210 m 240 m
| | : —
DIPOLE 2 FASER 480 m
0 Charged Neutral |
ATLAS “rie. X articles articles
P P — BEAMPIPE

[ATLAS-PHOTO0-2021-059]

DIPOLE 1

— I I CALORIMETERS

LUCID

Luminosity Cherenkov
Integrating Detector

5.6<|n|<5.9

Luminosity measurement

SPECTROMETERS
~—
|
‘ - T A
LHCf AFP
ATLAS Forward Proton
LHC Forward Low & high p, 0.02<£<0.12
Diffraction & photon collisions
ZDC

Zero Degree Calorimeter

Low-y, || > 8.0

Forward neutrons & photons

Diagram by Jesse Liu

ALFA

Absolute Luminosity For ATLAS
Low-l,0<£<0.2
Total elastic cross-section

L ARP (ATLAS Roman Pot) ——

33




AFP detectors

A-side ATLAS C-side
sector 8-1 Interaction Point 1 sector 1-2
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V V
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Single diffractive with ALFA JHEP 02 (2020) 042

A} 7

\/E = 8 TeV data with ALFA inserted, low pile-up (/) < 0.08 & high-p*

Measure from edge of inner detector on side of intact proton

A — +
ALFA /N 77 + 2.5

-7 -

D D ‘....." ‘ D D
o -
o T %
o” \ ”o
. .
. -
-
.
-+ *

s Diagram by
~240 m James Kendrick

Trigger: ALFA signal + MBTS

Single proton in ALFA
& one good vertex

- Suppress double diffractive

- Can measure t dependence (& alternative € measurement)
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https://link.springer.com/article/10.1007/JHEP02(2020)042

Single diffractive with ALFA

E 111 | 1T 11 | L 1T 11 I 111 | | I 1T 11 | | L 1T 11
S10°E =
Q = ¢ Data -
o [ ATLAS =SD x 0.64 -
o s=8TeV .8\[/)erlay Background

0O 05 1 15 2 25 3 35 4 45

A
Rapidity gap using tracks "

Non-diffractive and double diffractive now negligible
Overlay & central diffractive are main backgrounds
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SD Backgrounds

CD estimated using simulation (& correction in CR)

‘Overlay’: coincidence of signal in ALFA + uncorrelated signal in ALFA
partially data-driven technigue

Example:
ALFA

D D v.'.. ‘ .‘.' AE——B

i — . Elastic / beam halo

RN
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ot .
- Y -
ot A .
ot . .o
.- ..l
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. ‘e,
4 A

: Non-diffractive
MBTS oa0m

Uncertainty on overlay background is one of the largest systematics

Lydia Beresford
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Results Measurements vs [t| & € in backup

Differential SD hadron level cross-section after bkg subtraction
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Rapidity gap using tracks Am

38



Results

Inclusive SD cross-section measurement

Distribution a'ggucm(f’t) [mb]
Data 1.59 +£0.13
PyTHIA8 A2 (Schuler—Sjostrand) 3.69
PyTHIA8 A3 (Donnachie—Landshoft) 2.52
HERWIG7 4.96

Fiducial region:

—4.0<logioé < —1.6
& 0.016 < [t| = 0.43 GeV?

Large over-prediction by MC: 6pata / Opythias A3 ~ 0.6

Lydia Beresford
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Measuring diffractive events P = Pomeron

Example: Single diffractive (SD)

}x(Mx)=@

Fractional
proton energy loss

—

Diffractive system X:

- Neutral particles can be measured using LHCf + ZDC calorimeters (71'0,}/ n)

- For hard diffraction you can also have jets - not covered in this talk 10



Going forward
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Single diffractive with ALFA/AFP + LHCf/ZDC

LHC forward (LHCf) + ATLAS Zero Degree Calorimeter (ZDC):
Measure forward neutral particles in O degree region

— Combining both improves hadronic shower containment & neutron resolution

charged

beam particles

neutral
particles

—<—1F i

IP1

140m

What about including forward proton detectors?
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Single diffractive with ALFA/AFP + LHCf/ZDC

Physics potential of joint data taking with ALFA or AFP PUB-2023-024:

T T T T 10~

w 0.18— ATLAS Simulation Preliminary E o
é 0.16:— dbeam det™ 1500beam+0 8mm E <\;
5 0.14f : S
) . — — —_—
P — — p = AFP/ALFA S - 028
o 0.12F = O
= 3 5 !
P % 0.1F = §
c 0.08 4 §
S 0.06 44 108
D —> 7, v,n=LHCf \x = - E
0.04 E :
0.02 -
PR T T T Y ST N TN A T T TN TN Y Y ST Y SN AN SN SO SO T N WO W -4
% 05 1 15 2 25 3

proton transverse momentum p_ [GeV]

Sufficient common detector acceptance with AFP!
— Motivated inclusion of AFP detectors during LHCT run in September 2022
— 1st data-taking with LHCf, ZDC, ATLAS + AFP detectors included

43


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-024/

Summary Soft QCD in the sky!

Range of interesting elastic & diffractive
measurements presented + planned

Many special + novel techniques
& detectors, close ties to performance

See the following talks/posters for more
ALFA + AFP:

- Savannah Clawson

- Sergio Javier Arbiol Val
- Macie] Lewicki

- Macig] Trzebinski

Advance our understanding of nature

cosmic ray air shower
Lydia Beresford 44




Backup
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ALFA Elastics acceptance Mainly depends on ALFA
geometry & distance to beam

) T T T T T T '
e 1™ ATLAS Simulation ~
%  Vs=13 TeV, B*=2.5 km .'..../‘ :
30.8— s
< T - D
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i - _
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04_ T .
C . .
02 = .
I n ..: 10 9%
|- ] | Py
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OD based alignment

o f o
up
Dup
. D
B
d
A
SR TN B e W
Halo particle =*
path
D,
ow
dlcw
Main
deleclor - -4
= +
Overlap D Duo th
detector d=D- d_: - dluw

Figure 5: Scheme of the Overlap Detectors concept: halo particle hit fibers in upper and lower OD
in the ALFA station with the same vertical position [2]. The measured positions can be used to
determine the distance d between upper and lower MD.
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https://pos.sissa.it/350/060

Measurement methods for o,

Luminosity-dependent
(ATLAS)

Otot = i
1+ p? L dt

t—0

Requires a dedicated luminosity
measurement

Lydia Beresford

R Staszewski

Luminosity-independent
(TOTEM)

167 1 dNe[
1+ p? Ney + Nipey dt

Otot =

t—0

Requires correction for not measured
small-mass diffraction
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https://indico.cern.ch/event/1187936/attachments/2511657/4317290/2022.09.20_cern_staszewski.pdf

ATLAS vs TOTEM

Lydia Beresford

EPJC 83 (2023) 441
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Differential elastic cross section comparison for ATLAS & TOTEM
Data are in both cases divided by the model fit to the ATLAS data
Model is fit in range in t indicated by the blue arrow

Only statistical uncertainties are shown
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https://link.springer.com/article/10.1140/epjc/s10052-023-11436-8

Luminosity for elastics measurement

Total uncertainty: 2.15%

Main contributions:
vdM calibration, calibration transfer, stability over time & background
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Elastics Reco efficiency and beam optics

< 90 | | | :
= gof ATLAS Preliminary :
£ F ¥5=13Tev, 340 ub” } 33
88} pr=2.5 km =
o7 P
oy Loyt
s 4 + -
84 + E
e 1 +
82;— ® Arm 1 _;
81; M Arm 2 —i
80: | I | | | | L
308979 308982 309010 309039 309074 309165 309166

Run number

Reconstruction efficiency by a tag-
and-probe method (data-driven)
Reconstruction can fail because
of shower development
Efficiency in arm1 slightly higher
because of material distribution

07/07/2022
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H Stenzel
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Beam optics (transport matrix elements)
needed for t-reconstruction

* An effective optics model is tuned
using correlations in ALFA variables
* small corrections are derived to the

strength of the quadrupoles

Hasko Stenzel 19
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https://agenda.infn.it/event/28874/contributions/169014/attachments/94295/128980/ALFA_ICHEP_2022.pdf

Elastics alighment - Stasrenek

— Rotation, horizontal and vertical offsets obtained from -
left-right and up—down symmetry of the elastic pattern
— Multi-step procedure of distance evaluation
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https://indico.cern.ch/event/1187936/attachments/2511657/4317290/2022.09.20_cern_staszewski.pdf

Elastics uncertainties

Main uncertainties:
- Luminosity (for oy

- Alignment & theory uncertainties (for p)

Lydia Beresford

H Stenzel

Tio[mb] P B[ GeV™"] C[GeV™"] D[GeV™°]
Central value | 104.68 0.0978 21.14 -6.7 17.4
Statistical error 0.22  0.0043 0.07 .1 3.8
Experimental error 1.06 0.0073 0.11 1.9 6.8
Theoretical error 0.12  0.0064 0.01 0.04 0.15
Total error [ 1.09  0.0106 0.13 2.3 7.8

3F

Vs =13 TeV, 340 ub™
B*=2.5 km

Data-ref)/ref

4
0&% b, #
RN TR

_1;

. e Data
21 Reference -
I —BCD
—BC

e-Bl!l

- ATLAS Preliminary

e

Theoretical uncertainties:

Parametrization of the strong
amplitude
Coulomb phase

Proton form factor

Nuclear phase

Stability:
Time dependence

0.02 0.04 0.06 0.08 0.1 0.120.140.160.18 0.2 0.22

07/07/2022

-t [GeV?]

Hasko Stenzel

Fit range

- Important for p!

Different t-reconstruction

methods

Difference between arms 11
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https://agenda.infn.it/event/28874/contributions/169014/attachments/94295/128980/ALFA_ICHEP_2022.pdf

Elastics theoretical predictions

H Stenzel
Cross section from squared do ‘N (1) + fo(r)ei@®®|
amplitudes. dt 16z
- . G
Coulomb amplitude fc(t) = —8mafic: m
, L
G(r) =
Proton form factor A+t|

3

Fiot =B 1|—C:2—D z
Nuclear amplitude with curvature IN(T) = (p +1) 78 A
terms C and D.

| B|1| BT 4 X

Coulomb phase (/7({):— )/E-i-lllT-l-]l] 1 + B/\ +X']l] Ar — A
T Arna*(he)? 4
Full prediction i 72 il
aG*(1) | —B|t| - Ci* = D|t]3
N.b.: Also several - Ot X T [sin(ao(1)) + pcos(ap(r))] X exp 5
) | + )_ ‘ " 2
models of strong oo r/ - X exp (—Blrl e Dlrl‘) .
phase tested. om(hc)’
07/07/2022 Hasko Stenzel 21
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https://agenda.infn.it/event/28874/contributions/169014/attachments/94295/128980/ALFA_ICHEP_2022.pdf

Elastics FMO & BCBM models

FMO (Froissaron Maximal Odderon):

Tuned to TOTEM data, ALFA cross-section data at 7 & 8 TeV not included
in the tuning

BCBM (Block & Cahn & Bourely & Martin):

O, grows slightly slower than In?s evolution assumed by COMPETE

— damped In2s amplitude with energy dependence of form In2s/(1+aln2s)
a is the damping factor (modifies high energy behaviour of p and o)
Fair description of ALFA data for ¢=0.0014
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Single Diffractive kinematic variables RStaszewski

X (M)

- MALEPPOF == o
Scattered proton_ . ,..+**""" TN U e,

- t —squared four-momentum

transferred from the proton (related to
proton transverse momentum)

t~ —p?

- £ — momentum fraction of the proton

carried by the pomeron
§E=1—E/E
= Mg/s~ Y (E £p5)/Vs

E — proton energy

EoO — proton initial energy

E', p, - energy and longitudinal momentum
of particles in the dissociated state

s — centre-of-mass energy

- An - (pseudo)rapidity gap from the

tracker edge

For SD: Ay =~ — In(¢)

Lydia Beresford
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https://cds.cern.ch/record/2727951/files/ATL-PHYS-SLIDE-2020-295.pdf

Single Diffractive analysis MC

R Staszewski

Main MC: 5o ~
. PYTHIA8 A3 tune (ATL-PHYS-PUB2016-017): S )
+ Proton PDF = NNPDF23 LO Wi [
. Pomeron : PDF = H12006 Fit B; Flux: intercept: " * 7 g Lo
1.06, slope: 0.25 (Donnachie-Landshoff) o A8 st S g
- SD for unfolding %w :
- CD, DD, ND for background subtraction %: §
- Elastics for ALFA Reconstruction efficiency

For systematics:
+ PYTHIA 8 A2 tune (ATL-PHYS-PUB-2012-003) o Lb_

ATLAS Ys= 8 TeV Preliminary Simulation
- HERWIG 71:

- Proton PDF = MMHT2014lo68cl
- Pomeron : PDF = H1 2006 Fit A;
Flux: intercept: 1.00, slope: 0.25

A (truth)
w

[ o [ o o e
w > o - ~
Normalised fraction of events

3.5 4
A n (detector)
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https://cds.cern.ch/record/2727951/files/ATL-PHYS-SLIDE-2020-295.pdf

Single diffractive with ALFA

‘overlay’

Bkg estimate: ND enriched sample
(32 MBTS segments fired & tracks within
0.5 i of both edges of ID acceptance)

- Gives t distributions
- Gives normalisation for £ and Axy

¢ Data
ATLAS wSD x 0.64
Vs= 8 TeV mOverlay Background
mCD
mDD
ND

Uncorrected
distribution

0 05 1 15 2 25 3 35 4 45
A

CR: nominal selection but with protons

IN two armlets
Lydia Beresford

Events

C I I I | | [ I I I I I I | I I T I I | I T [ ]
6001 ATLAS ﬁ[s)gti 0.64 E
- Vs=8TeV mOverlay Background -
500__ -CD ]
: “XB :
400;_ Uncorrected ¢ E
300 distribution e
200 -
100 =

Central Diffraction

Bkg estimate: MC + re-weight & distributions
to match data in CR (preserving normalisation)

log, , € (ID)

CR: nominal selection but with protons in
two armlets & 2-10 MBTS segments filred58
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Single diffractive with ALFA JHEP 02 (2020) 042

Slope parameter: B = 7.65 + 0.26(stat.) + 0.22(syst.) GeV 2

Compatible with predictions: < R R R R R A

§ 10 - ATLAS —
7.10 GeV-2 Donnachie-Landshoff 5 : f&%ﬁ:ﬁo. B GeV? -
flux (Pythia8 A3 turn) s L 40<log £<-16  _
At 1.60 s | Z
7.82 GeV-2 Schuler-Sjostrand — Data | _
(Pythia8 A2 tune) 11— —— Exponential fit do/dt « eb? —
At 0.50 ST AR AR A IR AR W

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
t| [GeV?]

Largest uncertainty from overlay background subtraction
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https://link.springer.com/article/10.1007/JHEP02(2020)042

A} 7

Single diffractive with ALFA JHEP 02 (2020) 042

Pomeron intercept: @(0) =1.07 £ 0.02 (stat.) + 0.06 (syst.) £ 0.06 (a’)

Triple Regge Fit:

d¢  \¢ B

B=By-2a'Iné

do ( 1 )&'(O) eBthigh . eBtlow
—

Predictions
(using triple Regge formalism):

Pythia 8 A3: 1.14
Pythia8 A2: 1.00

Largest uncertainty from
a' =0.25+0.25 GeV~2

Lydia Beresford
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04 ATLAS

- s=8 TeV :

03 0.016 < |t| < 0.43 GeV? -
- -40< |Og10§ <-1.6 -

0.2 -

do / dlogmi [mb]
T

- ¢ Data -
01 _  —. . -
- Triple Regge Fit .
: ] ] | | | ] | | ] | | | ] ] I | ] ] | | | ] |
04 -3.5 -3 -2.5 2

log 1 O&

& from charged particles in inner detector
Compatible results for & from ALFA
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https://link.springer.com/article/10.1007/JHEP02(2020)042

Single diffractive with ALFA: Stacking up of events

Lydia Beresford

n==+25 . .
---------------------- J Kendrick thesis
X Proton
......................... > tag
1 | :
(a)
n==25
\\\‘\\;%,,"'/ Proton
’/’ ‘.\.;.‘.‘.\ .‘ ................. . tag
/f',/ \\\“
(b)

Figure 4.2: ‘Stacking up’ of events at low values of An: Both diagrams show high
¢ events with An reconstructed as ~ 0. The proton tag is on the right side of the
detector (dotted blue lines) and An is measured from the edge of the detector on
that side (dashed black lines marked as n = £2.5). Measured final state particles
are shown in green and ones that fall out of the detector coverage are shown in
red. The event shown in (a) does not contain any tracks outside the sensitive region
of the detector on the side of tag. The event shown in (b) does. Both events are
reconstructed as An ~ 0.
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https://etheses.bham.ac.uk//id/eprint/10005/7/Kendrick2020PhD.pdf

Single diffractive + LHCf + AFP

Predicted

Predicted:

Lydia Beresford

_,97000_—;'(')'I"'I"'I"'I"'I"'I"'I"'""'*—_
C . . " " -
0 6OOO:ATLAS Simulation Preliminary .
) — —
+* - {5=13.6 TeV, fl_dt=o.14 pb™, d=150, __+0.8mm -
20001 o — Single Diffraction Pythia 8.3
4000 f_ ' statistical uncertainty _f

B v/ 7

- AL, .

30001 - -
20001 b —
1000F- -
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g

2

Single diffraction

event rate [Hz] (o [mb])

event count (2 days)

AFP near station
AFP far station
ALFA near station
ALFA far station

46.0 £ 1.3

(
(
(

0.11)

46.5 + 1.3 (0.11)
3.8+0.2 (0.01)
2.8+0.2 (7-107°)

8.0 = 0.3 million
8.0 £ 0.3 million
0.7 £ 0.1 million
0.5 £+ 0.1 million

62



Single diffractive + LHCf + AFP

Other processes studied:

p hadrons

P > > AT
< w’ = LHCf

AT(1232) baryon

Predicted:

Y
=

P

P >

] N<7r0:>LHCf

N(1440) baryon from proton excitation

AT (1232) production

1440) production

N(
event rate [mHz] (o, [nb]) | event count (2 days) event rate [mHz| (o, [nb]) | event count (2 days)
AFP near station 17.7 £ 0.6 (41.3) 3050 =+ 100 AFP near station 13.6 + 1.3 (31.8) 2350 £+ 220
AFP far station 17.7 £ 0.6 (41.3) 3050 £ 100 AFP far station 13.6 £ 1.3 (31.8) 2350 £ 220
ALFA near station 2.2+0.2 (5.2) 380 £+ 30 ALFA near station 4.2+0.5 (9.9) 730 +90
ALFA far station 1.6 £ 0.2 (3.7) 270 £+ 30 ALFA far station 3.2+0.4 (7.4) 550 + 70
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