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https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.14.064066

LHC operation and special runs with protons

« Standard LHC operation with proton beams: ~10'4 protons per circulating beam at 6.5 TeV

» Special physics run in October 2018 requested by Forward Physics community:

- Low intensity and energy: ~10" protons per beam at 450 GeV
— Higher B* (optical function at Interaction Points, IPs)

* Goal: measurement of proton-proton elastic cross section and extrapolation of nuclear part at low
momentum transfer
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- Standard collimation system: multiple collimators to progressively outscatter
halo particles until absorbed

b Outscattered particles generate background at detectors close to the beam

Distance from

 Dedicated scheme devised to achieve acceptable background circulating beam

b Tightest settings and margins ever used at LHC!

« Possible other solutions explored in parallel...
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Principles of crystal collimation

Crystals can trap charged particles in potential well between highly *oo oo
ordered atomic planes: channeling ot /\
Bent crystals can efficiently steer halo particles: equivalent magnetic 0000
field of hundreds of Tesla at the LHC top energy crystalline plane

4 Silicon crystals installed in IR7: studied to improve LHC beam cleaning

|dentified as suitable alternative for special physics run
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Preparatory crystal collimation studies

« Crystal collimation settings optimized and performance evaluated via simulation campaign

More relaxed margins and potentially improved performance thanks to more efficient
halo removal
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Overview of the special physics run
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Background rate analysis in simulations

—

» Is the crystal scheme able to dispose of halo

10! STD )
particles faster?
1072
107 » Extensive simulation studies to verify number of
104 turns required to remove particles after first

interaction with collimation system
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Suppression of structures due to multiturn halo hitting
detector edges when crystals are used

bMore efficient background subtraction in offline

analysis

Background hit pattern at Roman Pots

@ XRPVB7L1.B2

XRPV.ATLL.B2 XRPV.ATR1.BI1

XRPV B7R1.B1

E ATLAS
1035 30 Preliminary
E E .
i 20 F
10° 8 E
= 10 -
R - of
10 £ = 0F
=4 g -
= 0t
10¢ :
=10 ¢ 1
20; f
30 5
g =20 -10 0 10 70 "U -10 0 10 20 <20 -10 O 10 20 20 -10 O 10 "U
mz% x (mm)
E @ XRPV.B7L1.B2 XRPV.ATL1.B2 XRPV.ATRIL.BI XRPVB?RI Bl
=y o T T T = T
101 f I ATLAS
= = _apPreliminary
107 ] 4

¥y (mm)

x (mm)

=20 -10 0 10 20i20 -10 0 10 20 -20 -10 O

10 20 =20 -10 O

LHC Colllmulion
4a  Project

i

CERN

Potentially problematic pattern
at ALFA Beam 2 Roman Pots

10 20

M. D’Andrea, 64t ICFA Advanced Beam Dynamics Workshop (HB2021), 4th October 2021

—
[=]
=]

Number of tracks per bin

T

Number of tracks per bin




XRPV.D6R5.BI XRPV.B6R5.BI1

107 30 107 30F
20F 20F
10F - 10F - L
E A e = r R s T
EoF Eoi—
= B i L ~ [ e
-0 -10F . T
20k 20F
_3( had &t 10_5;_30 I 1 1 1 I 10_3_30: 1 1 L 1 1
-15 -10 -5 -15-10 -5 0 5 10 15 -15 210 =5 0 5 10 15

X (mm) X (mmj} X (mm)
CR\( XRPV.B6L5.B2 XRPV.D6R5.BI XRPV.B6R5.B1
o — 107 30
20 E
10 EeTE »
— [ s TR ERE P
E el
Eo E
] R i s A
-10 E - LR
=20
30 107% 30 .
-0 -5 0 5 10 15

-15 -10 -5 0 5 10 15
X (mmj}

5210 5 0 5 10 15
X (mm)

X (mm)

Very good qualitative and quantitative agreement (after
accurate modelization of detectors and layout)

Pattern further analyzed
in simulations
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ALFA pattern analysis in simulations

 What is the origin of the pattern observed at AFLA Beam 2 Roman Pots?
« High-statistics simulations (108 particles) to study history of particles hitting detectors

» Particles can escape crystal before acquiring full deflection: dechanneling
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Crystal collimation for HL-LHC

« Outcome of low-intensity special physics run was crucial milestone to show maturity and

reliability of the system

 Upcoming HL-LHC upgrade: increased stored energy requires upgrade of present collimation

system to reduce losses at limiting locations (cold region of IR7)

» Crystal collimation in operation with high-intensity proton beams still challenging: special absorber

required to withstand power deposition of channeled halo

Global leakage ratio STD/CRY in IR7

with Pb ion beams - Standard secondary collimator can safely absorb channeled halo

.51 HEl OP settings
B MD settings 1
1 1 MD settings 2

with high-intensity ion beams: crystal collimation can be used

« Operational tests with high-intensity Pb ion beams in 2018:
different configurations tested for use in operation

‘ \ Demonstration of reduced leakage at Ilimiting
locations of the machine

‘ Crystal collimation included in HL-LHC baseline for
operation with Pb ion beams as of Run 3 (starting 2022)
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Conclusions

First use of crystal collimation in a physics run at the LHC during the 2018 special run with high g*:
background at ALFA and TOTEM detectors significantly reduced thanks to faster halo removal

Crystals deployed efficiently directly in optimal channeling orientation: reliability of hardware and
control systems

Results in agreement with simulations: confidence in predicting power and potential for further
optimization in future runs

Crucial milestone: together with demonstrated
performance with Pb ion beams, contributed to
inclusion of crystal collimation in HL-LHC
baseline

More applications to advanced techniques
of beam extraction/manipulation and to
fixed target experiments (Physics Beyond
Colliders) currently under study
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Thank you for your attention!
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