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Introduction
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▪ The levels in the IR1 and IR5 LSS and DS are dominated by 
collision debris. 

▪ HL-LHC integrated luminosities: 

▪ Proton runs → 4000 fb-1 (ultimate HL-LHC scenario) 

▪ Ion runs → 10 nb-1 (note: a significant portion of this will 
already be delivered in Run 3). 

▪ FLUKA simulations for these areas: 

▪ HL-LHC optics v1.5, horizontal (IR1) and vertical (IR5) 
crossing for the LSS (M. Sabaté Gilarte) - only for proton 
runs. TCL4-5-6 @ 14𝜎. 

▪ HL-LHC optics v1.3, horizontal (IR5) crossing for the DS 
(A. Tsinganis) - both proton and ion runs. TCL4-5-6 @ 14𝜎.
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▪ The electronic 
equipment in the tunnel 
is generally placed 
below the beamline 
→ this is where we 
study the radiation 
levels with FLUKA.  

▪ Next slides (both for 
LSS and DS): radiation 
levels 80 cm below the 
beamline as a function 
of the distance from 
the IPs.

!3

Radiation levels below the beamline 
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TID vs distance from IP in the LSS
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▪ Irregular TID profile vs distance from IP1-IP5 due to the 
elements along the beamline. TID range 10kGy-1MGy.  

▪ No active electronics in this area → no specifications.
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1MeVn-eq fluence vs distance from IP in the LSS
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▪ 1MeVn-eq profile range: 1012 - 1016 cm-2 (with some 
differences in shape compared to TID).  

▪ No active electronics in this area → no specifications.
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HEH fluence vs distance from IP in the LSS
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▪ HEH profile range: 1011 - 1014 cm-2 (with some differences 
in shape compared to TID).  

▪ No active electronics in this area → no specifications.
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Thermal n. fluence vs distance from IP in the LSS
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▪ Thermal neutron profile range: 1011 - 1014 cm-2.  

▪ No active electronics in this area → no specifications.
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TID vs distance in the DS
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▪ FLUKA simulation in IR5 used also for IR1. TID range: 10 
Gy-10 kGy. Ion runs only relevant in half-cell 11  due to 
Bound Free Pair Production (BFPP) peak.
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Fluences vs distance in the DS
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▪ Only proton operation shown. Fluence ranges: 109-1013 
cm-2 (HEH), 1010 - 1014 cm-2 (1MeVn-eq and thermal).
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HL-LHC specifications in the DS: approach
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▪ High gradients → one specification per half-cell is not enough 
(we would be forced to over-specify the levels). 

▪ We define four radiation level categories, to be applied to 
sub-intervals in the half-cells based on the distance from the IP. 
All conditions in the tables must be met (except for cat. D). 

▪ Category definition based on “standard” conversion factors for 
mixed-field accelerator environments: 
1Gy ≈ 1·109 HEH/cm2 ≈ 1·1010 th.n./cm2 ≈ 1·1010 1MeVn-eq/cm2
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DS specifications: results / 1
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▪ z intervals 
with individual 
specifications 
in each half-
cell. 

▪ Separate 
specifications 
for proton and 
ion runs in 
half-cell 11 
(negligible ion 
contribution 
elsewhere).
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DS specifications: results / 2
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▪ Note: the simulation extends only up to half-cell 13. From 
half-cell 14 we expect lower levels (rapidly becoming arc-
like). 
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Impact of changes in operational parameters
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▪ From BLM data during Run 2 we know that TID scaled well with 
integrated luminosity up to cell 5, then differences appeared due 
to changes in machine parameters (e.g. collimator settings). 

▪ This can be critical for R2E (e.g. factor ~10 increase on the levels 
on QPS equipment in half-cell 8) → important to monitor the 
levels during operation also in HL-LHC.



Summary
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▪ The IR1-IR5 tunnel section presents the radiation levels 
in the LSS and DS. 

▪ Only the DS is suitable for COTS electronics  
→ specification table only provided for the DS (defining 
A-B-C-D radiation level categories). 

▪ Levels fully dominated by proton operation, except for 
half-cell 11 (due to BFPP peak). Note that a significant 
portion of the HL-LHC ion luminosity is expected 
already in Run 3. 

▪ Important impact of machine settings (e.g. collimators) 
on the DS levels during Run 2 → monitoring the levels 
will be essential also during HL-LHC operation.
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BACKUP



From distance from IP to dcum coordinate
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