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— Elastic & total cross sections with ALFA Roman pots
—> Total inelastic cross section from minimum bias data
—> Including a bit on soft low mass diffraction :
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1) Directly tag outgoing protons in ALFA Roman pot spectrometer
[4 stations at ~240m from interaction point].

... obtain o directly and apply optical theorem for o,,.

2) Obtain
minimally
biased samples
using the

Minimum Bias Trigger Scintillator
(MBTS) detectors

[z=1+3.6m, 2.1< |n| <3.8, 8-fold = o
Segmentation nearest beam-pipe, 4-fold further out].

... obtain almost all of o;, directly. ’




1) Proton Tagging Method

- Earlier result at /s=7 TeV: Nucl Phys B889 (2014) 486
- Presented here, /s=8TeV result: Phys Lett B761 (2016) 158

A
3
}

140 o ATLAS
« TOTEM

120~ 1 Lower energy pp
C » Lower energy and cosmic ray pp

4/
NN
G [mb]

100 o Cosmic rays
I  —— COMPETE RRpl2u
O === 13.1 - 1.88In(s) + 0.14In’(s)

80
6of .
soba: o
- T ]
............. zou....ﬁ..’ S
° 10 10? 10° 10*
(s [GeV]

(i A
IV

I

2012 * = 90m run, allowi access to small t
- 3.8 million events after selection, background ~0.1%

3



Measurement Principle

Main detectors (MD) are 2x10 layers of
0.5mm? square fibres per pot.

Elastically scattered protons characterised
by back-to-back topology (anti-correlation

g in x and y between A and C sides of ATLAS)
5 At high p*, parallel to point™ g, 0
o focusing such that y s g |
- 7 Y coordinate maps linearly ~,  ams
~ 777 sl gnto proton pq; hence - R, o
«s M quadratically onto t: ' Al
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Correcting for Instrumental Effects

- Reconstruction (~90%) and trigger (>99. 9%) efficiencies
determined from data.

- Beam optics model tuned with

ALFA constraints and applied
to resolution and acceptance
considerations via PYTHIAS8
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Unfolded Data

do, /dt [mb/GeV?]

Uncertainty[%)]
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- 0.65% uncertainty on
beam energy generates

largest systematic at
high |t]

- Data cover the region 0.01
< |t] < 0.36 GeV?, systemtaics
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is luminosity (1.5% normalisation)
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Fitting the Data

Fixed parameters:

do 1 @+ fc(r)e“"-”(')|2 - p (~0.14) = ratio of
dr 167 V27T Re/Im amplitudes at t=0
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Results and Energy Dependence: o,

o, (8TeV) = 96.07+0.18(stat.) +0.85(exp.) + 0.31(extr.) mb
(8 TeV)=24.33 £0.04(stat) £ 0.39(syst) mb

o, (8 TeV)=71.73+0.15(stat ) + 0.69(syst) mb
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Results and Energy Dependence: B

B(8TeV) = 19.74£0.05(stat.) £0.16(exp.) £0.15(extr.) GeV >
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Data remain compatible with shrinkage of forward elastic peak

with /s. Logarithmic model shown is Schegelsky & Ryskin



2) Minimum Bias Method
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Total Inelastic Cross Section

- MBTS sees 90-95% of all inelastic events - “simple” counting

experiment.

e . }x(Mx)
- Complication: controlling § = %
b = P

low mass diffractive dissociation
that leaves no signal in MBTS

dy

s
(t)

X observable at eg \%5'10'4
Invisible for E<~10




Why low mass diffraction is a problem

An = —-In&

Acceptance limit of MBTS
(Im|<~ 4) corresponds to & ~ 10

Cross section for € < 10°
poorly constrained - fiducial
region defined as € > 10°°
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N _I | LI L L | T T | T T | T T I T 1T | T LI I 1T 17 | 1T I_I
Nl

o 17 S sttt
o N R i
z ot i
061 e B
B " —e— Pythia SS SD ]
- —— Pythia SS DD .
0.4 # —o— EPOS-LHC —
B + —— QGSJet-l ]
L ;8: _
0.2~ > ATLAS Simulation ]
B i \s=13TeV ]
OM 1 11 | 11 11 | | - I 1 L1 | I 1 L1 | I 11 1 1 | L1 1 1 I
37 ® 5 4 3 =2 4 o0
log, (€)
8 0-07 :_I T 17T | | | | | | LI | T 1T | T 17T | LI I__
% 1 —— Pythia8 Monash Pythia8 DL, £=0.10 7
£ 0.06! — Pythia A2~ Pythia8 MBR —
3 H :- e Pythia8 DL, £=0.060 v Pythiag DL, £=0.085, 2'=0.35 -
0.05 _; -~ Pythia8 DL, £=0.085 EPOS LHC B
0.04 ~li - - QGSJET-I ATLAS Simulation B
. | LU | ]
EHOT L SD Variations, 1s=13 TeV .
0.03[ i " =
0.02F: -
0.01: =
CF T
O_ L1 1 | ) I l ) l ) l L1 1 1 | L1 1 1 | L1 11 | I!-L"L -L'—

'8 7 6 -5 -4 -3 -2 -
log, (€

— Pythia8 Monash
— Pythia8 A2

---- Pythia8 DL, £=0.085
Pythia8 DL, £=0.10
~= - QGSJET-II

ATLAS Simulation
DD Variations, 1s=13 TeV

Pythia8 MBR
Pythia8 DL, €=0.060
Pythia8 DL, €=0.085, «'=0.35

EPOS LHC

G v b b b

)

.-_H:-' -1 e __-|-I_;._
.Tt-’f!r ]
: Sy . -
_.-l = '*e-..,,;‘-“l.-:, - .—"-. —
ﬁ cooc v b e b e Ly Ly 1:1 "11"-%";‘».*4.:4';1'?"."('
7 6 5 4 -3 -2 -
log, (€

~O



Benchmarking Diffractive MC models

“Single Sided” sample:
... activity on one side of MBTS,
empty on other: enriched in SD events
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MC diffraction models
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Tuning Diffractive MC models
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Cross Section in Fiducial Range
(13 TeV)=68.1+0.6 (exp.) = 1.3 (lumi) mb
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- Donnachie-Landshoff implmentation in PYTHIAS8 consistent with
data within ~20 for op(0) = 1.06 ... 1.14

- EPOS, QGSJET, PYTHIA8 S&S (cyp(0) = 1) exceed result by >20



Extrapolation to Full Inelastic Cross Sec

Data-driven extrapolation into region with € < 10-%, with
minimal dependence on MC models:

oMC(g < 1079)
0.7 TeV, MC(é: < 5% 10—6)

Tinel = O-iﬁn(ci:l + 0’ Tev(_f < JX 10_6) X

oV (E <5%x107) = o/ IV — o TTV(£ > 5% 1079)

inel

//” = 11.0 + 2.3 mb
from ALFA result

previous fiducial MBTS result

oMC (¢ < 1079)

W <510 - 015008

... extrapolation uncertainty is 2.5 mb 6



Extrapolation to Full Inelastic Cross Sec
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Within current uncertainties, result is consistent with
indicative selection of models based on Regge

phenomenology, eikonal approaches and other
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Future at ATLAS

- 13 TeV o, ALFA measurement still ongoing

- Diffactive studies still ongoing

- ALFA being preserved for 14 TeV running

- Meanwhile, focus of Roman pots in ATLAS switches

towards AFP & high lumi - rare exclusive
(or exotic) processes ...
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Proton-tagged elastic and total cross sections at /s = 8 TeV

- Highly precise measurements of o, (+1%), O, Oinels Bel
- Continued cross sec growth and elastic peak shrinkage with /s

- Compatibility with TOTEM at 2o level

Direct Inelastic Cross Section Measurement at /s = 13 TeV

- Improvement in precision (> 2%) over previous data.

- Some discrimination between models o

- Consistent with ATLAS-ALFA extractions using optical theorem



Back-ups / Working material
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Controlling MBTS Efficiency with Data

& |~ Monash — A2 - Efficiencies for each
Q0 . —— EPOS A2 +10% mat.
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- Analysis selection is Nygrc > 2 MvsTs



Fiducial Cross Section Extraction

N —NBG v I _f§<10-6
Etrig X L €Esel

DROP???

O-iﬁngl ((_‘:: > ]0_6) =

- Ng: Small background from beam-gas, radiation & activation,
determined using triggers in non-colliding bunches

- (1-f c.10.6)/ €set = Cyc = MC acceptance and migration correction

- Luminosity from final calibration of Van der Meer scan
- 1.9% error

Factor Value | Rel. uncertainty
Number of events passing the inclusive selection (N) | 4159074 —
Number of background events (Npg) 51187 +50%
Integrated luminosity [pb~1] (£) 60.1 +1.9%
Trigger efficiency (€qrig) 99.7% +0.3%
MC correction factor (Cyc) 99.3% +0.5%

o™ (13 TeV)=68.1£0.6 (exp.) £ 1.3 (lumi) thb

nel



Summary of Total Inelastic Cross Sections
| 7Tv | 8Tev | 13TV | Comments

Main error contribution extrapolation

MBTS 69.1 + 7.3 mb 79.3+29mb
ALFA 71.3+£09mb 71.7 £0.7mb
TOTEM 729+ 15mb 747+1.7mb

CMS 71.3+3.5mb
'5‘ T Ull‘ll[[ T T 1117111 T L IIIIII] T T IIIT:
£ e ATLAS (MBTS) — Pythia 8
= m ATLAS (ALFA) --- EPOS LHC 3
‘_é o TOTEM /Z'_‘
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Small errors due to precise lumin.

Based on elastic & inelastic rates

Preliminary, based on HF calorimeters

In general increase with /s
visible as expected.

Values at 7 TeV and 8 TeV agree
within errors.

At 13 TeV some discrepancy,
but large errors.
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Rapidity gap cross-sections

Method developed by
ATLAS to measure hadron
Level cross section as a
function of Anf: forward
or backward rapidity gap
extending to limit of
instrumented range:

i.e. including n= +4.9

5 b,

-4.9

P & P
(t)

.. N0 statement on 1 >~4.9
.. large Anf sensitive to
SD + low M, DD

Implies €~104
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E10° ATLAS e Datal=7.1ub’ —
b \s=7TeV —— PYTHIA6 ATLAS AMBT2B3
3 = p,>200MeV -. ... PYTHIA 8 4C

I 0 L T PHOJET

® ool 4o
{CW
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(t)
......................... P }X(MX)
§ 1.5 }
2 . Y (M,)
= - p
- S—— ®

- Large AnF: Diffractive plateau with ~1mb per unit gap size,
consistent with soft pomeron (o,p(0) = 1.058 + 0.036)
- Small Anf: sensitive to hadronisation fluctuations / MPI in ND

Can the same method be applied to hard diffractive proceszsses?...



Decomposing the pp Cross Section

p P rﬁ}x(mx) P }X(Mx)
sp K —O— byw

-t ® )
Elastic Single diffractive Double diffractive
1 degree of freedom dissociation dissociation
—> scattering angle / t Also M, Also M,
S E S

| At LHC, My, M, can be as large as
1 TeV - plenty of phase space to
produce jets and other hard probes




Probably for the back-up
Unfoldlng Events Background
1
doe _ | l l

= — X

di; — At [ >< etz x[ePAQIX Liy,
Acceptance Luminosity
(fit range > 10%) 1.5% errror

Reconstruction efficiency Dead-time
(~ 90%) fraction (0.44%)
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Corrected Diffractive
Jet Data v

Non-Diffractive Models

- Kinematic suppression of large gaps - no
clear diffractive plateau (unlike minimum bias case)

- ND models matched to data at small gap sizes give
contributions compatible with data up to

largest Ane and smallest § ... no clear diffractive signal ...

n 4.9
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Evidence for Diffractive Contribution

Focusing on small €, whist simultaneously requiring large gap
size (Ang > 2) gives best sensitivity to diffractive component

- Models with no SD jets are below data by factor >~3

- Comparison of smallest
g with DPDF-based model
(POMWIG) leads to rapidity
gap survival probability
estimate ...

- Model dependence not
investigated in detail

- In context of POMWIG,
using anti-k; with R=0.6:

-

do/dlog, E [nb]
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Comparison with
Full PYTHIA8

‘Off-the shelf’ PYTHIA8 ND*0.71 + SD + DD does "

a good job at all Ane and g, with no need for x
a gap survival factor (though ND dominates, so |
compatible with a wide range of S? values).
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Diffractive Models Focusing on Anf > 2
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Phys Lett B754 (2016), 214
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Investigating Low Mass Extrapolations
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- Integrating ATLAS gap cross section up to some max An"
(equivalently min E,) and comparing with TOTEM indicates

that small g, region underestimated in PHOJET and PYTHIA;

- 14 mb with € < 10>, compared to 6 (3) mb in PYTHIA (PHOJET)
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- Default PHOJET, PYTHIA have o(0) = 1; DL has a,(0) = 1.085
- Fit to large Anf data: o,,(0) = 1.058 + 0.003 (stat) + 0.036 (syst)
- CMS also favour intermediate value of o,p(0) 33
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Large Gaps and
Diffractive Dynamics

-Diffractive plateau with ~ 1 mb per
unit of gap size for Anf > 3

- Broadly described by models

- o,p(0) = 1.058 + 0.036 (ATLAS)

- Further significant progress

will require proton tagging to

unfold SD from DD and ND
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