HL-LHC cumulative IR7 losses and R2E

y EN .| /)
~ WP10 e M
Energy Deposition & R2E 7 S T l R2 E

Giuseppe Lerner, Rubén Garcia Alia
With input from C.Bahamonde, K.Bilko, F.Cerutti, A.Lechner,
C.Martinella, E.Skordis, O.Stein

77th HL-LHC Technical Coordination Committee meeting, 6t June 2019




Content

Cumulative TID levels measured by the BLMs in IR7 in
Run 2 in the different years of operation.

= Measurement of the number of lost protons in the
primary IR7 collimators, through a FLUKA-data BLM fit
and a BCT-driven calculation.

= Summary of number of lost protons in Run 2 and HL-
LHC predictions based on integrated intensity scaling.

= R2E implications in RR shielded areas.

= R2E implications in the DS, updated rack positions near
the 11T magnets in half-cell 9.
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Cumulative IR7 losses in Run 2

= Up to 2018, the BLM TID levels in IR7 scaled with integrated
beam intensity (time-integral of the beam intensity in units of
protons*seconds) with good approximation.

= 2018 saw an increase of normalised TID by a factor 2-3 in
the whole LSS (see slides at 116th HL-LHC WP 15 meeting).
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https://indico.cern.ch/event/774092/contributions/3226513/attachments/1763192/2861492/IP7_scaling_and_11T_relocation.pdf

Cumulative IR7 losses in Run 2

The observed increase of the cumulative losses in IR7 is
visible by plotting the dose rate in the BLMs near the main
TCP collimators in benchmark 2016 and 2018 fills.

Dose rate peaks are clearly present in correspondence with
the reduction of 8* in 2018 for both beam 1 and beam 2.
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From TID to lost protons: FLUKA-BLM fit

= FLUKA simulations by E.Skordis (CWG. 12/12/18) with
protons lost in the primary IR7 collimators as source.

= The profile of the BLM dose in the LSS is scaled to the
data of each year to obtain the number of lost protons:

‘o Beam 1 Top Energy E.Skordis Beam 2 Top Energy
10 ! ! ! ¥ ! 10'10 T '
~#=Simulation
~#-2015 losses = 4.82e+ 14
- ~#-2016 losses = 1.01e+15
810" 10°11/-2017 losses = 9.89e+ 14
[
o
© ,
o
12| . / ,
=10 1072} - | \
>
G} ‘ .
() N
8, -13 13
8 10 —#=Simulation 107"° Qe ]
~#-2015 losses = 3.45e+14
~+-2016 losses = 1.34e+15

147" 2017 losses = 1.62e+15| . | 2 | . . | ‘ !
10 -200 -180 -160 -140 -120 -100 -80\-60 60 80 100 120 140 160 180 200
Distance from IP7 Distance from |P7

Caveat: FLUKA-data disagreement caused by the TID contribution from

HviLU i’ Che other beam, considered in the left plot but not in the right one )
‘ HL-LHC PROJECT 06/06/2019

! G.Lerner “HL-LHC cumulative IR7 losses and R2E”



https://indico.cern.ch/event/779864/contributions/3245828/attachments/1771879/2879613/2018_10_12_CWG-_E_Skordis.pdf

FLUKA-BLM fit at top energy

FLUKA-BLM fit results for lost 6.5 TeV collimation losses estimation,

protons at top energy. integrated intensity measurements and
scaling factors.
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= Alternative way to measure lost s {— aeam1inensity
protons with BCT and luminosity: *]
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Lost protons in IR7: BCT-based measurement
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measurement: non-lumi
losses are concentrated
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losses in IR3).
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~20% agreement with FLUKA results!

#lossesw | 2016 | 2017 | 2018
AUICNERE 1.4-1015p 1.7-10%5p  5.1-1015p

BCT B1 1.710%%p  2.0-105p  6.1-10'5p
VL CN-yE 1.2:1015p 1.1-10%%p 4.3-10%p
BCT B2 1.0-10%5p  0.9-1015p  4.210'5p
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Lost protons in IR7 in HL-LHC

The number of lost protons in IR7 in HL-LHC can be
predicted by scaling the Run 2 numbers with integrated
beam intensity (see slides by R.Garcia Alia).

Run 3 and HL-LHC annual levels
predicted with integrated intensity
lint. (10%! ps) 26 25 30 45 6.0 scaling starting from the values
LATLAS (fp=1y 385 506 652 100 250 measured in 2018

int

LEMS (-1 410 500 66.8 100

int

2016 2017 2018 Run3 HL-LHC

1016 |ost protons per beam per

Nlumi (10155) 124 156 204 34

lost

Neell (1015p) 29 3.0 10 15

lost

year, corresponding to around

1.2-1017 |ost protons for the
*the table shows annual values for the sum of the two beams entire HL-LHC lifetime.

Even with the updated prediction, the values are well below
the safety margin considered for the IR7 warm magnets
— no impact on warm magnet replacement strategy.
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https://indico.cern.ch/event/686456/contributions/2816010/attachments/1571093/2478511/2017-12_radiation_level_overview_LMC_v2.pdf

R2E impact - RR73-RR77 HEH fluence

= HL-LHC HEH fluence in the IR7 RRs (relevant for SEEs) given by
2018 RadMON levels at LO and L1 scaled with integrated beam
intensity. Observations:

= Large L1/L0 HEH fluence ratio (shielding only effective at LO).
= No factor 3 increase from 2017 to 2018 in RR77 (unlike RR73).

= Annual HEH fluence specifications for LO (including safety

margins): 108 cm-2/y in Run 3, 2-108 cm-2/y in HL-LHC.

>10 times lower than
in the IP1-IP5 RRs!

Annual HEH fluence at RadMON location (cm~2/y)
2016 2017 2018 Run 3 HL-LHC

L0 1.6 - 107 1.8 - 107 6.6 - 107 9.9-107 1.3-108
RR73

L1 n.a. 1.9 - 108 6.3- 108 9.5 - 108 1.3-10Y

L0 1.2-107 1.4 -107 1.6 - 107 2.4-107 3.2-107
RR77

L1 n.a. 3.0 - 108 4.9 -108 7.4-108 9.8 - 108

*Run 3 and HL-LHC annual HEH fluences are obtained by scaling the 2018 values with

integrated beam intensity
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R2E impact - HL-LHC DS levels

The radiation levels and profile in the DS will change due
to the 11T magnets and TCLD collimator in half-cell 9.

FLUKA simulation by C.Bahamonde Castro TFé';JKAgittif‘QS:
.7 sigma

presented at the 62nd TCC meeting, showing | 1csc 7.7 sigma

peak power density and TID levels. TCLA 10 sigma
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(the dose levels scale
if this number changes).

= High TID peak next to
the TCLD, lower levels
further downstream.
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https://indico.cern.ch/event/776391/

New positions of electronic
racks defined by WP15 with
input from equipment groups
and R2E. New racks added
(e.g. 1T QPS) and existing
ones moved when needed.

= The racks below the MB.B
magnet in cell 9 will be
pushed as far away as
possible from the TID peak.

= After the 11T installation, the
TID peak will be monitored in

data with different systems
(e.g. BLMs, optical fibre).
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Rack relocations near the TCLD (right of IR7)

Fluka post-LS2 dose profile vs old and new arrangement
of racks and magnets, right of IP7
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Summary

| discussed the evolution of the cumulative IR7 losses in
Run 2, in terms of TID levels and number of lost protons
in the primary IR7 collimators (measured with two
iIndependent techniques that yield consistent results).

= The losses per unit integrated beam intensity increased
by a factor ~3 from 2017 to 2018.

= The expected number of lost protons in IR7 in the whole
HL-LHC period based on integrated intensity scaling from
2018 data is ~1.2:1017p per beam.

= The R2E implications in the RRs and DS were discussed.
At present there are no critical issues, but we will
continue to monitor the radiation levels in the upcoming
years, particularly near the new 11T magnets.
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FLUKA-BLM fit at injection energy

= FLUKA simulations by E.Skordis (CWG. 12/12/18) with
protons lost in the primary IR7 collimators as source.

= Same plots shown in the bulk of the presentation, now
for injection energy. Note the lower TID per lost proton!

Beam 1 Inj Energy Beam 2 Inj Energy

-11

10 ~*=Simulation 10 ~#*=Simulation
~#-2015 losses = 1.84e+15 ~#-2015 losses = 2.17e+15
~#-2016 losses = 4.36e+14 ~#-2016 losses = 2.80e+ 14
g 10-12 ~#-2017 losses = 2.74e+15 10-12 ~#-2017 losses = 2.50e+15
c
o
2
Q.
<10 13} 10713t
=
S
7
8 10-14 3 10'14
10-15 1 1 L 1 1 L 10-15 L L 1 L I 1
-200 -180 -160 -140 -120 -100 -80 -60 60 80 100 120 140 160 180 200
Distance from |P7 Distance from |IP7

HiLumi ’
HL-LHC PROJECT G.Lerner “HL-LHC cumulative IR7 losses and R2E” 06/06/2019


https://indico.cern.ch/event/779864/contributions/3245828/attachments/1771879/2879613/2018_10_12_CWG-_E_Skordis.pdf

FLUKA-BLM fit at injection energy

= Summary of FLUKA-BLM 450 GeV (injection) collimation losses

fit results for lost protons estimation, integrated intensity
at injection energy. measurements and scaling factors
Year 2015 2016 2017 2018
= The number of lost el
prot()ns atin Ject|on and of plro:ons 1.9x10% | 0.5x10% | 2.8x10% |1.7x 10
top energy is similar « | Integrated
- i i = Intensity | 8.54 x 10*° | 7.09 x 10*° | 14.5 x 10%*° |8.87 x 10*°
(note: big impact of gl

scrubbing runs).

Scaling factor
. . (#p lost / ps)
= |njection losses are not Fre—

Crltlcal for RZE’ because of protons 2.0x10% | 0.4x10% | 2.5x10% |1.4x10%

lost

22x10° | 7.0x10°® | 19x10° | 19x10°

the TID per unit lost o | megratec
pl’OtOﬂ |S more than a § Int(t:;s;lty 9.14 x 10*° | 7.09 x 10*° | 14.1 x 10*° |8.87 x 10
factor 10 lower than at N
21x10°® | 53x10° | 18x10°  15x10°
top energy. (#p lost / ps)
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Rack relocations near the TCLD (left of IR7)

Fluka post-LS2 dose profile vs old and new arrangement

of racks and magnets, left of IP7 u S|m||ar Sltuatlon as on the
T Vemmtonn o right side of IR7 (backup).
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| ones where needed.

| = The racks below the MB.B
magnet in cell 9 will be

| pushed as far away as
possible from the TID peak
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Equivalent cross section

= The share of beam losses between luminosity and other
loss sources (mainly IR7 collimators) can be expressed
by the effective cross section:

Ntot = ]Vlumi + NIR7 = Ojnel 3t0t + NIR7 * Geff = % = Oinel +

= Numbers measured in Run 2 (for ginei= 76mb):

| 2016 6eq[mb] | 2017 geq[mb] 2018 geq[mb]

= For HL-LHC, geq~110mb would imply approximately
1.5-2-1077p lost in IR7 for 12 years of operation assuming
ginel ~80-85mb and 250fb-1 in ATLAS and CMS each year.
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IR7 average beam lifetime (stable beams)

= The BLM TID levels are used to measure the IR7 beam lifetime, anti-
correlated with the lost protons in IR7 (see slides by B.Salvachua).

= The scaling with integrated beam intensity of the cumulative BLM losses in
IR7 holds if the IR7 beam lifetime during stable beams remains the same.
From 2017 to 2018 it decreased significantly. For HL-LHC we assume that
the average IR7 lifetime in stable beams will not be lower than in 2018.

Average IR7 beam lifetime during stable beams in the 2018 fills

v v
- v v Y'Y yv

[ ] v v
® oo v
2 o ° [ ]
1075 L o® eeve® oo 4 o e © o o0
o

[ ]
o <«
o<

=
o
-

B.Salvachua

Average Lifetime (h)
=
<

600b

=
o
X
2556b
I.1eI1 p/b
1.1e18 p/b
16L2

| @ Blavg:125.7 h (2017: 263.7)
| v B2avg: 261.2 h (2017: 432.8)

02

6610 6620 6630 6640 6650 6660 6670

6680 6690
Fill Number

‘HiLU i ’
HL-LHC PROJECT

G.Lerner “HL-LHC cumulative IR7 losses and R2E” 06/06/2019


https://indico.cern.ch/event/776391/contributions/3228409/attachments/1762438/2860081/salvachua-2018-11-29.pdf

