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High-; optics
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Physics overview

[Physics with forward protons at LHC]

LHC optics LHC optics

elastic inclusive exclusive two-photon
scattering diffraction production processes
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Roman pot mechanism

secondary vacuum

.
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detector
forward proton
proton beam
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ALFA Roman pot
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ALFA Roman pot




Full detector system

Outer station

Inner station

Main detectors (MDs) - for physics
Overlap detectors (ODs) - for alignment
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Elastic scattering



Elastic pp scattering
BEFORE AFTER /

v
AN
[ ]

- Energy and momentum conservation

- 2 kinematic degrees of freedom: ¢, 6

- ¢ — trivial (uniform)

-t~ —p*0? = —p}

- small |t| - large distance, large high |t| - small distance
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Coulomb

(electromagnetic)

Nuclear (strong)
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Optical theorem

Optical theorem

Otot = 4mim fg (L = 0)

Differential elastic cross section
- Assuming a simplistic t dependence: fq((t) o exp(—B|t|/2)
- Introducing p = Re fo/Im fe(|i=0

doet 1+ ,02
d; =UfotWeXp(—BltD
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Phase of the nuclear amplitude
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Measurement principle

~ _nhH2
t~ —pb N
\L 9 Vi
7 9 L\
X
0 - very small

No magnetic fields:

(0, 0) <> (0x,6y)

X=10 atocal =0*
With magnetic fields X\ (M M\ [Xo
b) M3 M3, 0%
X = Ler0 Blocal ox 07

Finite beam size:
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Experimental reach
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Geometric acceptance
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ALFA detectors

A-side C-side
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t reconstruction

= —p%? = —p*(6} + )
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Inner station

ATLAS Simulation
s=13 TeV, p*=2.5km

— Subtraction light
-+ Local angle method
Lattice method

perfect det. resolution
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Event selection and background estimation
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Event selection based on strong correlations

present in elastic events

Background (normalized in control regions):

- accidental halo+halo and halo+SD
coincidences (data-driven templates)

- central diffraction (MC simulation)

Less then 1%. of background
(relative uncertainty of 10 - 15%)

Sy‘ c [urad]
w
o
o

—200

=300

run 309039 |

dN/dt [GeV?

Ll Il Il
-20-15-10-5 0 5 10 15 20
yC(237 m) [mm]

10*

10°

10?

10

p=25km
&  Dataarm 1, run 309039
(] Event-mixing background
[ 0P background

10"

° e eecssscsnse
.
ATLAS
V5=13 Tev

Y

y 2
teeYd ) 1o



Data-driven methods

Many ingredients based on data, exploiting strongly constrained elastic
events: alignment, reconstruction efficiency (tag&probe), optics

Optics tuning:
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x
fal

- Rotation, horizontal and vertical offsets obtained from the

left-right and up-down symmetry of the elastic pattern
- Multi-step procedure of distance evaluation

Inner station
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Luminosity-dependent
(ATLAS)

9 167 1 dNg
Ot = 77 27
0 14 p2L dt

t—0

Requires a dedicated luminosity
measurement

Luminosity-independent
(TOTEM)

167 1 dNg;
1+ p? Net + Nipey dt

Otot =

t—0

Requires correction for not measured
small-mass diffraction
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Differential cross section
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Systematic uncertainties
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Results in interference region

a =
0.3

LHC zoom 8-15

0.2

s  Lower energy pp
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-o2=aF L HEGS0
BJAS
-0.3 +m1 M| Lol Lol
10 10° 10° 10*

Vs [GeV]
p = 0.0978 £ 0.0043(stat.) 4 0.0073(exp.) + 0.0064(th.)
Result incompatible with COMPETE (community-standard semi-empirical

fits) indicating Odderon exchange or a slowdown of oy rise at high +/s.
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Results in nuclear region

- Non-exponential shape of do/dt
- B-slope measurement (from a fit in a restricted t range)

B = 21.14 + 0.07(stat.) 4 0.11(exp.) + 0.01(th.) GeV 2
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Results in nuclear region
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Otot = 104.68 £ 0.22(stat.) & 1.06(exp.) + 0.12(th.) mb

Most precise otot measurement. 2.20 tension with TOTEM oot result. .
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Derived quantities
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Inclusive diffraction



Inclusive diffraction

[ £ N— a@ . ., a “ é Y 0 —

éE A
b b b é X h —==y b b
Regge theory Resolved pomeron Soft colour interactions
Triple pomeron vertex - Ingelman-Schlein model - QCD-inspired model
M - pomeron has partonic - additional gluon
My X structure exchanges

- absorptive corrections screen the color flow

Mx (survival probability)

Good-Walker
W, — mass eigenstates
@, - diffractive eigenstates

Uy = Z Crn®Pn

dogiss/d?b = (T?) — (T)?

28 / 40



Inclusive diffraction

Single diffraction Central diffraction
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Proton kinematics distribution
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- Distribution fitted with:

do _ (1 HO)=1 eXP(Bth\gh)*eXP(Bttow)
dlogig€& — \ & B
where B = By — 2a/ log &

)

- Measured Pomeron intercept

a(0) = 1.07+0.02 (stat.)£0.06 (syst.)+0.06 (')

- Main systematic uncertainty from

o =0.25+0.25 GeV 2

- PYTHIA 8 A3 (Donnachie-Landshoff): a(o) = 114

PYTHIA 8 A2 (Schuler-Sjostrand): a(o) = 1.00

- Measured exponential slope:

B = 7.60 & 0.23 (stat.) & 0.22 (syst.) GeV—2

- In agreement with Pythia 8 prediction:

PYTHIA8 A2: 7.82 GeV 2, PYTHIA8 A3: 710 GeV~?

-+ Main systematic uncertainty from overlay

background subtraction
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Integrated cross sections and rapidity gap size
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of 4 1
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L R N R XSS T- N S

loss of small-§ events close to the
€-edge (1071)

MCs describe the shape but not the overall cross section:

Distribution ‘ ggumal(f ) [mb] ‘ 0't extrap [mb]

Data 1.59 £ 0.13 1.88 +£0.15
PyTH1A8 A2 (Schuler-Sjostrand) 3.69 4.35
PytH1A8 A3 (Donnachie—Landshoff) 2.52 2.98
HerwiGg7 4.96 6.11
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Exclusive diffraction



Exclusive pion pair production
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I ; \ ]
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Event selection

Selection of exclusive events:
- forward protons detected in ALFA _
- opposite-charged pions detected in the /‘
central ATLAS detector / D
- vetoing activity in Minimum Bias Trigger
Scintillator (MBTS)

Tt
- Exclusivity enforced by looking at pr
balance in the event

P —— T P r — L N

§ 80| ATLAS preliminary ® Data(2011) § L ATLAS preliminary e Data(2011)
] Vs=7TeV [ GenExMC ] = Vs=7TeV [] GenEx MC 4
5 gr=90m [E Pythia 8 CD non-excl. 5 . gr=90m [ Accidentals (data 2011) o
5 - N [ Accidentals (data 2011) 5 30— . N . [ Pythia 8 CD non-excl.
_g 60 Elastic configuration 2222 Stat. uncert. ] 'E L Elastic configuration EZ222 Stat. uncert, 4
E No MBTS or momentum ] E C No momentum balance ]
balance requirements ] 20l requirement 7
40 . L ]
20 PRI s ] e ] 10~ N

10 15
MBTS inner cells multiplicity P, (prpHrem) [Geg% | 40
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Cross section measurement

First exclusive 77~ measurement with proton tagging at LHC!
- elastic pp configuration

o = 4.8 + 1.0(stat) "o o (syst) & 0.1(lumi) % 0.1(model) pb

- anti-elastic pp configuration

o = 9 =+ 6(stat) £ 1(syst) & 1(lumi) £ 1(model) pb
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Comparison of distributions

Number of events

Number of events

C T T 1 T T T ]
20— ATLAS preliminary e Data(2011) — § 20— ATLAS preliminary ¢ Data(2011) 1
r 5=7Tev [ GenEx MC (normalized) ] 8 r 5=7TeV [ GenEx MC (normalized) ]
L Br=90m [ Dime MC (normalized) | L Br=90m [ Dime MC (normalized) ]
C Elastic configuration 1 2 L, Elastic configuration 1
15— - £ —
L 1 B ]
L 1 = ]
10— J J
s j
C 1 . . . | . . | | / [ P —
2 0 2 1 3
Yiew A [rad]
r —— — T T ] 2 —— — T ]
20— e Data(2011) 3] ATLAS preliminary e Data(2011) 1
C [ GenEx MC (normalized) & Vs=7Tev [ GenEx MC (normalized) ]
L [ Dime MC (normalized) S pr=90m [ Dime MC (normalized) ]
C ] 2 Elastic configuration b
15— — £ —
n ] E ]
L 1 2 ]
L ATLAS preliminary ] E ]
10— Vs=7Tev - 10— —
L pr=90m ] L ]
n Elastic configuration 4 n 4
51— — 51— —
C P C P NI
1 2 3 05 15 2
M (') [GeV] p, (M) [GeV]

35/ 40



Summary



[Physics with forward protons at LHC]

LHC optics LHC optics

elastic inclusive exclusive two-photon
scattering diffraction production processes
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ATLAS vs TOTEM
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Correlations

Vs=13 TeV, 340 pb™
B*=2.5 km
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Local exponential slope
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Reconstruction efficiency
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