CE/RW
\

NN/ S

Radiation levels in the LHC during
the Pb run 2023 — Point 2 and QPS

rack locations

Daniel S6derstrém, Auriane Canesse, Giuseppe Lerner, Rubén Garcia Alia (SY-STI-BMI, R2ZE/MCWG)

with input from Reiner Denz (TE-MPE-EP)
11/2023



Beam overview, luminosity statistics

Using data from Ipc.web.cern.ch

Delivered Luminosity 2023

23 Preliminary
2.25
, | +ATLAS:1.910 nb-1

+CMS : 2.023 nb-1
1.75 | =LHCb : 0.249 nb-1
1 5 | «ALCE: 2.16 nb-1
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Delivered integ. luminosity [nb-1]

Luminosity (1/nb) Luminosity (1/nb)
lons 2023 lons 2018

1 1.91 1.797

2 2.16 0.905

5 2.02 1.802

8 0.249 0.235

9. Oct 23. Oct
Date

Compared to the 2018 ion run, the luminosity is similar
in all IPs except for IP2, where it increased by 2x
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QPS racks and radiation monitor layout
- IR2 cells 8-10

 1QPS under every main dipole
« nQPS under the B-dipoles together with iIQPS
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R2E effects observed in the QPS system

5/10/2023

7/10/2023
11/10/2023
12/10/2023
13/10/2023
14/10/2023
15/10/2023
15/10/2023
20/10/2023

21/10/2023

22/10/2023
24/10/2023
29/10/2023

Time
8:34:22
0:24:27
8:38:10

13:40:05

22:45:48

20:52:09
7:57:08

13:47:38

23:45:45

14:40:00

7:58:06
8:18:01
13:33:50

Rack
DYPB.B10L2
DYPB.B9R2
DYPB.B10L2
DYPB.BOL2
DYPB.B12R2
DYPQ.12L2
DYPB.B12R1
DYPQ.A12R2
DYPB.B11L1

DYPB.A12R1

DYPB.B10L2
DYPB.BSES
DYPB.A10R2

Fault type
SEU
Latch-up
SEU

SEU
Latch-up

Latch-up?
SEU
Latch-up
SEU

SEU

SEU
Latch-up
SEU

DCUM Short description

2957
3661
2957
2997
3792
2886
460
3782
26244

445

2957
13034
3686

nQPS DQQBS, Busbar splice protection system trigger causing circuit fast power
abort

nQPS DQQDS RB, Symmetric quench detection system triggering causing heater
firing and magnet quench; communication board failed before

nQPS DQQBS#3A, Busbar splice protection system trigger causing circuit fast
power abort

nQPS DQQBS RQD, Busbar splice protection system trigger causing circuit fast
power abort during ramp down after operator dump

nQPS DQQDS RB, Symmetric quench detection system triggering causing heater
firing and magnet quench; communication board failed before

iQPS MQ.11L2 nDQQDL, Quench detection system trigger causing heater firing and
magnet quench

nQPS DQQBS, Busbar splice protection system trigger causing circuit fast power
abort

iQPS MQ.11R2 nDQQDL, Quench detection system trigger causing heater firing
and magnet quench

nQPS DQQBS RQD, DQQBS trigger provoking FPA

iQPS DQHSU, Wrong DQHDS voltage reading by DQHSU board would have caused
trigger of DQHDS software and slow power abort. Programmed dump by OP
before; cleared by remote power cycle

nQPS DQQBS RB, DQQBS trigger provoking FPA
nQPS DQAMG, Fast power abort - no quench. DQAMG to be replaced.

iQPS DQAMGNMB, COM lost - OK after power cycle
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SEEs in the QPS racks as a function of luminosity
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TID |Gy]

Radiation levels close to QPS rack locations

Example: QPS rack DYPB.B10L2 @ dcum 2957, with three SEEs

Deported modules Full RadMon modules
close to DYPB-racks further away
(only TID) } ! SIMA.10L2.2LM10S, HEH Pb 2023
RadMon data Dose at HEH fluence at | — s e
dcum 2955 dcum 2951 ]
Pb-2023 502Gy  6.8410°HEH/cm>  — ., &
Pb-2018 025Gy  2.4*10°HEH/cm?
Proton-2023 ~0 Gy 3.7*10” HEH/cm? 1]
NOt huge doses In terms Of 0_2023-‘09-22 2023-I10-01 2023-I10-08 2023-I10-15 2023-I10-22 2023-11-01
TID effects N
SIMAD.10L2.2LM10S, Pb 2023 s asaomes_ ey
' r2e-monitoring.web.cern.ch
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(1 Gy < 3-10° HEH/cm?)

Deported RadMon module data of half-cells 8, 9, 10

Doses measured by deported radmon modules, generally close to QPS racks, in half-cells 8, 9 and 10
left and right of points 1, 2 and 5. The number of QPS faults in these half-cells are also marked. The
resulting number of SEEs per dose per half cell is similar among the time periods (low statistics).

Half-cells, SEEs  TID Pb-2023 (Gy) TID Pb-2018 (Gy) TID p-2023 (Gy)  TID p-2018 (Gy)

8L/R1, #SEE -/0.9,0 0.9/0.5, 1 _/~0,0 10.5/6.9, 5
8L/R2, #SEE 1.3/0.1,0 0.1/-,0 1.4/~0,0 1.1/-,0
8L/R5, #SEE 1.1/0.1,1 1.0/0.2,0 0.1/0.2,0 28.9/9.7, 4
9L/R1, #SEE 0.7/1.1,0 0.4/0.9,0 ~0/0.1, 0 41151, 2
9L/R2, #SEE 1.6/1.9, 2 0.6/0.4, 1 ~0/~0, 0 ~0/~0, 0
9L/R5, #SEE 0.7/1.1,0 0.6/0.9, 1 0.5/0.1,0 4316.3,2
10L/R1, #SEE _/~0,0 -/~0,0 -/~0,0 -/~0,0
10L/R2, #SEE 5.0/1.2, 4 0.2/0.3,0 ~0/~0, 0 ~0/-,0
10L/R5, #SEE ~0/-,0 ~0/-,0 ~0/-,0 ~0/-,0
- SEEhzﬁfci?l’ per 6.2 (2.5, 13) 6.3 (1.3, 19) 0 (0, 24) 2.5 (1.4, 4.3)
\f)’ Radiation levels in IP2 during the ion run - [Calculated value (lower limit, upper limit)] 27 November 2023



BLM signals used for dose distribution monitoring

- Induced dose around an interaction point scales well with the integrated luminosity of that point
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Instantaneous and integrated luminosity

1
SEE

The delivered integral luminosity of bins 04y - -i see 2 = e
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Left of Point 2 - Dose distribution DS, 2018 vs 2023

Only DYPB IR2 - lon run 2023
racks marked
\ « Comparing the total BLM dose during the 2018
and 2023 ion and proton runs, left of IP2
\ * Note: the lines between the points are visual
h V/L/\‘/ﬂ\/\ guides and do not represent real dose values.
o / » \ 7 :  The dose in the DS is dominated by the ion runs
g W // \ RN /‘/ \/ « The dose peaks shifted compared to the 2018
"0 //\A/\/ \ run, due to the new TCLD location (and the
// \ /\/\W | related optics change)
T o f f
10 |77 ¥ aphon. Tib1 3XSEE 1xSEE
&7 & & & & £ Integrated luminosities in IR2:
e deam i Pb 2023: 2.16 nb!
& & & o & PR Pb 2018: 0.905 nb1

(p 2023: 14.5 pb)
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Left of Point 2 - Dose distribution DS, scaled doses

107

Scaled TID [Gy / nb-1]
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IR2 - All beam modes - lon run 2023
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— poo1 « A comparison between the dose levels left of
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point 2 for ion runs 2018 and 2023
 Doses are normalized by the integrated
luminosity in IR2

& Integrated luminosities in IR2:
Pb 2023: 2.16 nb!
& Pb 2018: 0.905 nb
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TID [Gy]

Right of Point 2 - Dose distribution DS, 2018 vs 2023

IR2 - lon run 2023
—— Pb-2023
—— p-2023
102 Pb-2018
—— p-2018
e RADMON, TID1

Deported, TID2
101 —— QPSracks \
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Comparing the total BLM dose during the 2018
and 2023 ion runs, and during the 2023 proton
run, right of 1P2

Note: the lines between the points are visual
guides and do not represent real dose values.
The dose in the DS is dominated by the ion runs
The dose peaks shifted compared to the 2018
run, due to the new TCLD location (and the
related optics change)

Integrated luminosities in IR2:
Pb 2023: 2.16 nb!

Pb 2018: 0.905 nb!

(p 2023: 14.5 pb1)
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Scaled TID [Gy / nb-1]

lon run doses scaled by luminosity, Right of IR2

IR2 - All beam modes - lon run 2023

—— Pb-2023
—— Pb-2018
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« Same view, but radiation levels
scaled by the integrated luminosity
(only ion runs)

Integrated luminosities in IR2:
Pb 2023: 2.16 nb!
Pb 2018: 0.905 nb!
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Left of IRs1-2-5-8 = 2023 1on BLMSs

lon run 2023
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Within the 2023 Pb run, we observe
relatively higher dose in cells 9-10 in IR2
(and, partially, IR8) compared to IR1-IR5.
This is reflected in a larger amount of
QPS issues in cells 9-10 of IR2.

The main dose peak is in cell 11 in IR1-IR5
(BFPP) and IR2 (TCLD) while itis in cell 12
in IR8

IR Luminosity (1/nb)
1 1.91
2 2.16
5 2.02
38 0.249
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Right of IRs1-2-5-8 — 2023 ion BLMs

lon run 2023

— IP1
— IP2
IP5
IP8
- QPS racks
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Within the 2023 Pb run, we observe
relatively higher dose in cells 9-10 in IR2
(and, partially, IR8) compared to IR1-IR5.
This is reflected in a larger amount of
QPS issues in cells 9-10 of IR2.

The main dose peak is in cell 11 in IR1-IR5
(BFPP) and IR2 (TCLD) while itis in cell 12
in IR8

IR Luminosity (1/nb)
1 1.91
2 2.16
5 2.02
8 0.249

(C\E"i\i Radiation levels in IP2 during the ion run

27 November 2023
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QPS DAQ SEEs (input from R. Denz)

« The SEU counters from the QPS DAQ are confirming the picture outlined by BLMs and RadMons:
In 2023, IR2 is the region with the largest number of SEUs
The number of SEUs in IR2 is concentrated in cells 9, 10 and 12, where most issues have occurred

LHCION RUN 2023 - QPS DAQ SEU DISTRIBUTION ARC

SEU counts

20 22
Half cell

70

60

50

40

30

DAQ SEU COUNT 2023

i _ -II
P& P7 P8

P1 P2 P3 P4 P5

CERN
A
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27 November 2023
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QPS DAQ SEEs (input from R. Denz)

« 2023 pattern compared to 2018
« The 2023 ion run with most events in half cells 9,10 and 12
e 2018 pp run dominated in 8 and 9, while the ion run saw most events in 12
LHC ION RUN 2018 - QPS DAQ SEU DISTRIBUTION ARC LHC PP RUN 2018 - QPS DAQ SEU DISTRIBUTION ARC PP RUN
| i 66 fb-"
DS IP1: 137
- 1 DS IP5: 204 o
aw " DS IP2: 3 ‘
. - \ DS IP8: 20 .
£ cu | B \ $DS: 397/502 o u
91 - 15 § 100 t f:
a RS a \ RS
5 /\ J - \ ;i 40 & \ :;
/ \/l \ - 20 L1
:|: : A t a\-\ T _ ——Total
e T T e R e s
Half ce" 8 10 12 14 16 18 ;‘:Ialf CE;I) 24 26 28 30 32 34
o Radiation levels in IP2 during the ion run 27 November 2023 17




Summary

A total of 13 QPS failures attributed to R2E occurred during the 2023 ion run, with 9 in IR2
The radiation levels on (or near) the QPS racks, as measured by the BLMs and the RadMons, are
generally well correlated with the distribution of the faults
Compatible number of QPS SEEs per radiation level between 2018 and 2023 ion and proton runs
When comparing the 2023 ion run experience with 2018, it is important to consider that:
* The integrated luminosities in IR1-5-8 in the two years were similar, while in IR2 the 2023
integrated luminosity is larger by more than 2x
— a relative increase of IR2 SEEs can be expected
« The radiation level profile in the tunnel in IR2 in 2023 is very different from 2018, due to the
TCLD installation and the associated optics changes
Most QPS faults in IR2 are in cells 9-10, i.e., upstream of the TCLD, with two exceptions
The radiation level distribution measured by RadMons and BLMs is confirmed by the SEU
distribution in the QPS DAQ (input from R. Denz)
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lon and proton run doses in IR1

IR1 - lon run 2023

—— Pb-2023
—— p-2023
—— Pb-2018
—— p-2018
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lon

and proton run doses in IR2

IR2 - lon run 2023

—— Pb-2023
—— p-2023
102 4 ~—— Pb-2018
\ — p-2018
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lon and proton run doses in IR5

IR5 - lon run 2023

—— Pb-2023
—— p-2023
—— Pb-2018
—— p-2018

---- DOFRS Pb-2023
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lon and proton run doses in IR8

IR8 - lon run 2023

—— Pb-2023
—— p-2023
—— Pb-2018
—— p-2018
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Dose distribution around IP2

IR2 - All beam modes - lon run 2023
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TID [Gy]
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Overview of IP2
lon runs of 2023 and 2018 compared

Asymmetry between the left and right
sides of the IP (the highest peak of
2018 at 10L2 is for instance not as
severe in 10R2)

TID measurements from RadMons
included, with the internal fg-dose
(TID1) and deported module (TID2)
measurements shown separately
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RadMon dose measurements close to QPS racks

For most QPS racks where SEEs occurred, we have a RadMon deported module measuring TID within

<10m (green racks). In other racks the RadMon is either within <20m or not available (red)
RadMons measuring HEH fluence are typically further away from the QPS racks
Rack (Nggg) DCUM (m) | Closest RadMon HeH | Closest Deported RadMon
RadMon fluence deported dose (Gy)
(dcum) (HeH/cm?) RadMon (dcum)
DYPB.B11L1 (1x) 26244 26226 2.56E+11 - (26243, inactive) - (75.3 @ 26226 m)
DYPB.B12R1 (1x) 460 487 4.91E+07 466 0.09
DYPQ.12L2 (1x) 2886 2899 1.29E+11 2871 45.3 @ 2899 m
DYPB.B10L2 (3x) 2957 2951 6.82E+09 2955 5.02
DYPB.B9L2 (1x) 2997 2991 9.80E+09 2994 1.58
DYPB.BO9R2 (1x) 3661 3672 5.53E+09 3661 1.85
DYPB.B12R2 (1x) 3792 3819 8.04E+07 3799 2 mGy
DYPB.B8L5 (1x) 13034 13030 5.62E+09 13032 1.13

C\w Radiation levels in IP2 during the ion run 27 November 2023
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RadMon dose and HEH fluence estimations

Table with further included estimated dose and HEH fluence estimations. Primarily from nearby RadMon
units, secondarily from BLM dose measurements if a BLM is nearby. Dose to HEH fluence conversions if

necessary have been made using a factor of 1 Gy = 3-10%cm-2.

Rack (Nggg)

DCUM

HeH/cm?
Pb-2023

Gy Pb-2023

HeH/cm?2

p-2023

HeH/cm?
Pb-2018

Gy Pb-2018

HeH/cm?2

Gy p-2018

DYPB.B11L1 (1x)

DYPB.B12R1 (1x)
DYPQ.12L2 (1X)
DYPB.B10L2 (3x)
DYPB.BIL2 (1x)
DYPB.BIR2 (1x)

DYPB.B12R2 (1x)
DYPB.B8L5 (1x)

(m)
26244

460
2886
2957
2997
3661

3792
13034

5.74E+09

2.58E+08
3.55E+10
6.82E+09
9.80E+09
5.55E+09

6.64E+06
5.62E+09

1.91

0.09
11.83
5.02
1.58
1.85

0.00
1.13

p-2023
4.23E+09

7.94E+08
1.57E+09
3.66E+07
4.30E+07
3.34E+08

4.87E+08
2.27E+08

1.41

0.26
0.52
0.08
0.31
0.11

0.16
0.06

6.30E+09

2.89E+07
1.60E+09
2.39E+09
3.78E+09
1.39E+09

8.22E+07
3.13E+09

2.10

0.01
0.53
0.26
0.61
0.46

0.03
1.04

p-2018
8.43E+07

1.97E+09
3.30E+08
5.36E+07
5.55E+07
5.03E+08

1.24E+08
5.91E+10

0.03

0.66
0.11
0.13
0.54
0.17

0.04
28.96
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RadMons closest to the DYPB.Bxxx racks

Doses close to the DPYB.B racks are large in IR2, where
the majority of radiation effects have been observed

RadMon data of modules within 10 m of DYPB.B racks, Pb-2023

Ox SEE
1x SEE (L1)
3Xx SEE (L2) —— &

o +—— 1x SEE (L2)

<+—— 1x SEE (L5)

Showing only SEEs

in type-B DYPB racks

Ox SEE

o «— 1x SEE (R2)

Ox-SEE

Ox SEE

IR1
IR2
IR5
IR7
IR8

2x SEE (1xR1, 1xR2)

Missing, Reason:

B11L1, FLATLINE

B10OL1, FLATLINE

B8L1, FLATLINE

B11R1, NEGATIVE SIGNAL
B12L2, FLATLINE

B8R2, NO RM NEARBY
B11R2, FLATLINE

B11L5, NEGATIVE SIGNAL
B1OR5, FLATLINE

B11R5, NEGATIVE SIGNAL
B12L7, NO RM NEARBY
B12R7, NO RM NEARBY
B12L8, FLATLINE

B11L8, NO RM NEARBY
B10L8, NO RM NEARBY
B9L8, NO RM NEARBY
B8L8, NO RM NEARBY
B8R8, NEGATIVE SIGNAL
B11R8, FLATLINE

|B12R8, FLATLINE

B12L B11L

B1OL

BOL

B8L

B8R

BIR

B1OR

B11R

B12R

The QPS racks where the PYPB-A8LS
RadMons measured the

All DYPB-racks

Sorted by deported

| RadMon dose +

Radmon HEH Dep RM TID

Radmon
dcum

dcum

Dep RM
dcum

(3XSEE)

2991 2955

DYPB.A10L2

2972

/V

Racks marked
in red caused
SEE-induced

issues

DYPB.B8L2 3036 3030 3030

fluence Pb-
2023

9.80E+09

2.66E+09

Pb-2023

5.02

1.33

1.23

DYPB.B10R2 3701 3713 3700

DYPB.B8L5 13034 13030 13032

13049 13030 13032

DYPB.A9R5 13642 13629 13656

highest TID are generally
the ones that suffered

SEE-induced issues

9.34E+09

5.62E+09

5.62E+09

6.41E+09

1.13

1.13

1.12

CERN
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Beam overview, beam intensity statistics

161 — Integrated intensity, 1.58e+19 ps /
INJECTION PROBE BEAM A
141 INJECTION SETUP BEAM I ' ' ' m ' i | ' 1T

INJECTION PHYSICS BEAM

124 PREPARE RAMP I
RAMP 'm
104 =
FLAT TOP 'y
ADJUST _y
STABLE BEAMS —

Integrated beam intensity (1e+18 ps)
[+
;

. 1 . N §ast il L]
¢ I/ From aft.cern.ch:

Stable Beams: 270.3

2023-09-22 2023-10-01 2023-10-08 2023-10-15 2023-10-22 2023-11-01
(28.6 %)

Operation (other):

364.5h (38.6 %
Time distribution of beams Intensity contribution of beams ( )

Beam modes
INJECTION PROBE BEAM
INJECTION SETUP BEAM
INJECTION PHYSICS BEAM
PREPARE RAMP
RAMP
FLAT TOP
ADJUST
STABLE BEAMS

In fault (combining
overlapping): 310.1 h
(32.8 %)
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Instantaneous and integrated luminosity

16 - Il ATLAS | SEE |2 2.00 4 mmm ALICE | SEE
14 i 1.75 1 |
 The delivered integral luminosity of ~ §2- | £ |
bins of instantaneous luminosities &0 I T [
; : . P 1% 100
in LHC during the ion run £°° I E |
5 0.6 I s 0757 i
.. 0.4 - 0.50 -
_The radla_tlon levels around_the _IP ~ P ! .
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0.0 - Lo 0.00 el T T T T o r
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same distribution as the integrated 3 s =1, ———
luminosity " 1751
1o 1.50 -
- Low statistics, but no clustering of S0 5125
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0.2 0.25 A
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0 1 2 3 4 5 6 7 0.00 0.25 050 0.75 1.00 1.25 150 1.75 2.00
Instantaneous luminosity (Hz/mb) Instantaneous luminosity (Hz/mb)
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Peak luminosity and integrated luminosity

The delivered luminosity as a
function of peak luminosity per
LHC fill is shown

As the peak luminosity of the fill
gets larger, also the integrated
luminosity of the fill increases (as
would be expected)

At high peak luminosities, the
increase in delivered luminosity
per fill falls of, perhaps due to the
observed effects of high-luminosity
fills ending prematurely
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TID to HEH fluence conversion

Factors in IR2

Factors in cell 8

3.0 1 | | =-- GMean: 2,55e+09 3.0 1 Ll ——- GMean: 3.89¢+09
1 P 1 P 3
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1 (N
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1 1
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1.5 1 1.5 A .
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QPS SEEs

as a function

of luminosity ion run 2018

® [R1, 1825 ub-1, 1 SEEs
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« Comparing the total BLM dose during the 2018 and 2023 ion and proton runs, left of IP2
» Note: the lines between the points are visual guides and do not represent real dose values.
 The dose in the DS is dominated by the ion runs
 The dose peaks shifted compared to the 2018 run, due to the new TCLD location (and the related optics change)
1212 11L2 DE%ML(ZW 9L2 8L2
; gﬁjﬁ:\nc‘n:ed RadMon ; g;ﬂ;;cl):edRandn ; gf;;?:ed RadMon ; g;e;:;;ted RadMon ; gﬁ:ﬁ:ec‘ RadMon
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Dose (Gy)

Right of Point 2 - Dose distribution DS, 2018 vs 2023

Comparing the total BLM dose during the 2018 and 2023 ion runs, and during the 2023 proton run, right of IP2

Integrated luminosities in IR2:
Pb 2023: 2.16 nb!

Pb 2018: 0.905 nb!

(p 2023: 14.5 pb?)

Note: the lines between the points are visual guides and do not represent real dose values.
The dose in the DS is dominated by the ion runs
The dose peaks shifted compared to the 2018 run, due to the new TCLD location (and the related optics change)
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