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IR1/5 configuration

« Strategy: Exemple: IP1
— Survival of the triplets is critical '
- Maintain forward physics and maximise data taking as
much as possible
— Minimize commissioning overhead between 2025 -2026
- Rotation of the crossing angles in IRs 1 and 5 with
reverted triplet polarity only in IR5 (Nom-H / RP-V)

— Rotation of roman pots, change of settings and local
aperture
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IR1/5 configuration

« Strategy: Exemple: IP1

— Survival of the triplets is critical o

- Maintain forward physics and maximise data taking as |
much as possible

— Minimize commissioning overhead between 2025 -2026
- Rotation of the crossing angles in IRs 1 and 5 with
reverted triplet polarity only in IR5 (Nom-H / RP-V)
— Rotation of roman pots, change of settings and local
aperture
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Impact of magnet failure

* Re-balancing the dipole strength to compensate
the missing D1 module will modify the orbit locally
and increase the b3 component of the D1
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Impact of magnet failure

* Re-balancing the dipole strength to compensate
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G. Arduini, et al., LHC Triplet Task Force Report, CERN-ATS Report-2023-0004
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Impact of magnet failure

* Re-balancing the dipole strength to compensate
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Impact of magnet failure

* Re-balancing the dipole strength to compensate
the missing D1 module will modify the orbit locally T

12 |- Run-1 Run-2 -10/170deg Run-3

and increase the b3 component of the D1 -

* Similarly, many IR correctors will reach the
damage limit (some have already) with potential
Impact on orbit and (non-)linear optics

— Several scenarios were envisaged, mostly
iInvolving 1 to 4 shifts of optics correction and
validation (+ detection / decision time)

peak dose in ATLAS MQSX [ MGy ]

L 120 for! 100 b 100 fo*

- ExaCt need for intenSity ramp up to be 0 0 /50 100 150 200 2;0 300 350 400 450 5;)0 550 660

integrated luminosity [ o™ ]

determined on case by case basis

 Overall such events (either D1 or other magnet failures) could lead to few days of
down time

- Some combinations of failures have a significant impact on the
performance (limited B* reach, lifetime degradation)

G. Arduini, et al., LHC Triplet Task Force Report, CERN-ATS Report-2023-0004
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Operational cycle

450 GeV: Run 2 injection optics (with phase knob)
but reverting to nominal IR1 and to RP in IR5)

Ramp: combined with anti-telesqueeze: B'=2 m & r, . =0.5 EoR

B’[m]= 10.0/2.0 at IP 2/8, half crossing angles 200 prad in IP 2/8

Mini-squeeze in IR1/5: B'=1.2m &r, .= 0.5 EoS

Tele

11.12.2024



Operational cycle

450 GeV: Run 2 injection optics (with phase knob)
but reverting to nominal IR1 and to RP in IR5)

Ramp: combined with anti-telesqueeze: B'=2 m & r, . =0.5 EoR
B’[m]= 10.0/2.0 at IP 2/8, half crossing angles 200 prad in IP 2/8

Mini-squeeze in IR1/5: f’= 1.2 m &, = 0.5 EoS

Full cycle including crossing angle rotation done
in MD in Run 2:

LHCb rotation & ATLAS/CMS rotation @ 160 prad —>

Squeeze down to 60/15 cm
Xing: 130 prad
48+12 colliding bunches

FILL 6995: Crossing Bump Rotation
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Operational cycle

e Full cycle including crossing angle
rotation done in MD in Run 2:
- Squeeze down to 60/15 cm

- Xing: 130 prad
- 48+12 colliding bunches

450 GeV: Run 2 injection optics (with phase knob)
but reverting to nominal IR1 and to RP in IR5)

Ramp: combined with anti-telesqueeze: B’=2 m &r,,.=0.5 EoR
B’[m]=10.0/2.0 at IP 2/8, half crossing angles 200 prad in IP 2/8 10° FILL 6995 Crossing Bump Rotatlon _ —

—— Beam2

Mini-squeeze in IR1/5: f’= 1.2 m &, = 0.5 EoS

=
o
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LHCb rotation & ATLAS/CMS rotation @ 160 urad —>
Q-change N e A o
Adjust A
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STABLE BEAM

Round telescopic B levelling at IP1/5
B'=1.2m — 60cm (r,, = 1.0), Constant X-angle (160 urad)
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Operational cycle

e Full cycle including crossing angle
rotation done in MD in Run 2:
- Squeeze down to 60/15 cm

- Xing: 130 prad
- 48+12 colliding bunches

450 GeV: Run 2 injection optics (with phase knob)
but reverting to nominal IR1 and to RP in IR5)

Ramp: combined with anti-telesqueeze: B'=2 m & r, . =0.5 EoR

FILL 6995: Crossing Bump Rotation

B’[m]= 10.0/2.0 at IP 2/8, half crossing angles 200 prad in IP 2/8 10° A
Mini-squeeze in IR1/5: f’= 1.2 m &, = 0.5 EoS :
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B'=60/60 m — 60/18 cm (r,,. = 3.333), Constant X-angle (160 urad) = o ot
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e First optics correction took
place in the MD this year

achieving B-beating ~10%
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Operational cycle

e Full cycle including crossing angle
rotation done in MD in Run 2:
- Squeeze down to 60/15 cm

- Xing: 130 prad
- 48+12 colliding bunches

450 GeV: Run 2 injection optics (with phase knob)
but reverting to nominal IR1 and to RP in IR5)

Ramp: combined with anti-telesqueeze: B'=2 m & r, . =0.5 EoR

FILL 6995: Crossing Bump Rotation

B'[m]=10.0/2.0 at IP 2/8, half crossing angles 200 prad in IP 2/8 10% —
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Crossing angle reduction: 160 prad = 110? prad T e vime e

e First optics correction took
place in the MD this year

achieving B-beating ~10%
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Beam stability and ADJUST

* Thanks to B* levelling long-range interactions at flat top (end of squeeze,
ADJUST) are getting weaker now and in HL-LHC than in Run 1 and 2
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Beam stability and ADJUST

* Thanks to B* levelling long-range interactions at flat top (end of squeeze,
ADJUST) are getting weaker now and in HL-LHC than in Run 1 and 2

- When operating with the negative
polarity of the octupoles, the impact of
long-range interactions can easily be
compensated

Transverse stability diagram at the
most critical point in ADJUST
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Beam stability and ADJUST

* Thanks to B* levelling long-range interactions at flat top (end of squeeze,
ADJUST) are getting weaker now and in HL-LHC than in Run 1 and 2

When operating with the negative
polarity of the octupoles, the impact of
long-range interactions can easily be

compensated

Transverse stability diagram at the
most critical point in ADJUST
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2025 End of Adjust, ¢/2;py5 =160.0 prad, ¢/2sps v =200 prad, on_disp=1, Q'=20.0,
Np=1.8-10"! ppb, 6:=9 cm, £, =2 um, ﬂ1;1/5=1.2m, 5x36b
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Beam stability and ADJUST

* Thanks to B* levelling long-range interactions at flat top (end of squeeze,
ADJUST) are getting weaker now and in HL-LHC than in Run 1 and 2

- When operating with the negative - Wide_r ‘good tune space’ with thg negative
polarity of the octupoles, the impact of polarity — Potentially less sensitivity to
long-range interactions can easily be Iosses_ln ADJUST due to tune changes in
compensated operation

2025 End of Adjust, ¢/2;py5 =160.0 prad, ¢/2sps v =200 prad, on_disp=1, Q'=20.0,
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Beam stability and ADJUST

* Thanks to B* levelling long-range interactions at flat top (end of squeeze,
ADJUST) are getting weaker now and in HL-LHC than in Run 1 and 2

- When operating with the negative - Wider ‘good tune space’ with the negative
polarity of the octupoles, the impact of polarity — Potentially less sensitivity to
long-range interactions can easily be losses in ADJUST due to tune changes in
compensated operation

2025 End of Adjust, ¢/2;py5 =160.0 prad, ¢/2sps v =200 prad, on_disp=1, Q'=20.0,
Transverse stability diagram at the Ny=L810' ppb, 0: =9 cm, e =2 urm, fp =1.2m, 5x36b

most critical point in ADJUST Excluded for
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* Proposal: Operate the full cycle with the negative polarity of the octupoles, but
keep the cycle compatible with the positive polarity in case of unexpected issues
- Afull cycle was already tested in MD with trains

- Thanks to their neglibile impact on the orbit and optics, the octupoles are not subject
to validation. Fall-back can be performed in 2-3 shifts (tune optimisation)
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Luminosity levelling

9

 Thanks to stability coming
along with the head-on = 62305
collisions, the chromaticity
can be reduced after
ADJUST, thus improving DA

[ lifetime
— Successfully integrated
in the operational cycle
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Luminosity levelling

2025, ¢p/2ppg v=200 prad, Ic; = - 590 A, on_disp=1, 6; =9 cm, £,=2 pum, 5x36b

 Thanks to stability coming
along with the head-on = 62305
collisions, the chromaticity
can be reduced after
ADJUST, thus improving DA
[ lifetime

— Successfully integrated
in the operational cycle
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— High chroma still
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scans
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* Using the 2025 experience, it is likely that the configuration can be pushed (lower

crossing angle, reduced B* in the crossing plane, tighter collimators) in 2026
— The cycle can be prepared in 2025 to ease 2026 commissioning

0.6/
0.6/
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Luminosity levelling

2025, ¢p/2ppg v=200 prad, Ic; = - 590 A, on_disp=1, 6; =9 cm, £,=2 pum, 5x36b

 Thanks to stability coming
along with the head-on = 62305
collisions, the chromaticity
can be reduced after
ADJUST, thus improving DA
[ lifetime

— Successfully integrated
in the operational cycle
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— High chroma still
required during emittance
scans
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* Using the 2025 experience, it is likely that the configuration can be pushed (lower

crossing angle, reduced B* in the crossing plane, tighter collimators) in 2026
— The cycle can be prepared in 2025 to ease 2026 commissioning

 HL-LHC will greatly profit from the experience with negative polarity and pushed
beam-beam configuration (Losses in ADJUST with large beam-beam parameter,
strong octupoles due to crab cavity impedance, beam quality preservation with low 3*)
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Beam-beam wire compensators

Fill 10069, 29 August 2024

120

[ Beaml ag = laoZ
- The B1 and B2 BBWCs = | S |
were used in 2024 £l 50 5 12005
production fills at EoL " 5| &

(B*=30 cm, ¢/2=150 urad) e
to improve the beam . . o
lifetime (1-2 h gain in 2., wg
lifetime) and o . Sl B (i 200%
80 — — s §

1200 1400 1600 1800 2000 2200 0000 b ’

Time

BUT with 2025 optics and the crossing plane change in IR1/5, the BBWCs (V in
IP1 and H in IP5) will not be in the beam crossing planes.

Non-local compensation is being investigated targeting DA improvement at
B*=60/18 cm for 100<¢/2<160 urad: depending on the simulations results, one
could switch ON the BBWSs after the final 3* step is reached and during the
crossing anti-leveling (similar configuration tested in Run3 MDs).
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Collimation optics

* New optics / settings for the collimator insertions reduce the impedance and
improve the cleaning, as fallback scenario to improve cleaning with missing 11T in
HL-LHC

1e—6 Average cleaning inefficiency - B1
600000 1 Impedance improvement in IR3 and IR7
1 B nominal: 0.0
1 B rematched IR7: 0.08
IR3 mmm rematched IR3 and IR7: 0.21 — 6
500000 1 - E
1 fan
1 ~——
1 . g -
400000 1 IR7 G54
1 ¥
E E
= [
=) £
D | et eme——
‘r%\f 300000 PR SN VR N e
o
200000 g‘
B
g 1H relax
100000 < === 1H tight
5 — 1V relax
—-—- 1V tight

T T T T T
no_opt_phase opt_phasw hv vh
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Collimation optics

* New optics / settings for the collimator insertions reduce the impedance and
improve the cleaning, as fallback scenario to improve cleaning with missing 11T in
HL-LHC

1e—6 Average cleaning inefficiency - B1
600000 1 Impedance improvement in IR3 and IR7
1 N nominal: 0.0
1 IR3 B rematched IR7: 0.08
B rematched IR3 and IR7: 0.21 — 6 -
500000 1 E
=
= | s
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E E
—1 [
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B
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* Improved cleaning (-20% to -60%) and impedance (-20% to
-30%) demonstrated in MDs = =l

—————— betx new ------ dx new

2000

* The larger B functions are not compatible with the aperture at
injection, they require a de-squeeze to be deployed during the
ramp
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Collimation optics

* New optics / settings for the collimator insertions reduce the impedance and
improve the cleaning, as fallback scenario to improve cleaning with missing 11T in
HL-LHC

1e—6 Average cleaning inefficiency - B1
600000 1 Impedance improvement in IR3 and IR7
1 N nominal: 0.0
1 IR3 B rematched IR7: 0.08
B rematched IR3 and IR7: 0.21 — 6 -
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* Improved cleaning (-20% to -60%) and impedance (-20% to
-30%) demonstrated in MDs = =l

—————— betx new ------ dx new

2000

* The larger B functions are not compatible with the aperture at
injection, they require a de-squeeze to be deployed during the
ramp

- Ramp & de-squeeze demonstrated in MD with the HL-LHC cycle
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Collimation optics

* New optics / settings for the collimator insertions reduce the impedance and
improve the cleaning, as fallback scenario to improve cleaning with missing 11T in

HL-LHC

600000
500000

400000

P [Q/m]

300000

>

Z

200000

100000

* Improved cleaning (-20% to -60%) and impedance (-20% to

Impedance improvement in IR3 and IR7
N nominal: 0.0
B rematched IR7: 0.08
s rematched IR3 and IR7: 0.21

Average cleaning Inefficiency [1/m]

-30%) demonstrated in MDs

* The larger B functions are not compatible with the aperture at
injection, they require a de-squeeze to be deployed during the

ramp

- Ramp & de-squeeze demonstrated in MD with the HL-LHC cycle
— These HL-LHC optics could be integrated in the LHC’s and 0
validated in MDs in 2025 for a smooth integration in 2026 operation

* Asimilar de-squeeze is considered for IR4 to enhance the

capabilities of the instrumentation
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Bunch intensity and filling scheme, performance

End of Squeeze
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* The margin obtained thanks to scrubbing in 2024 should allow for reaching the targeted
bunch intensity (1.8-102 p/b) with trains of 3x36b:

- Ideal luminosity production 1.54 fb-1 / day* (2024+9%) , max heat load: 171 W/h.c.

* Luminosity model including burn off losses, IBS, other sources of emittance
growth and assuming 100% availability, a turn around time of 2.5h, a pile up

and an absolute luminositi limit at 2.2:10% cm?s!
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* The margin obtained thanks to scrubbing in 2024 should allow for reaching the targeted
bunch intensity (1.8-102 p/b) with trains of 3x36b:

- Ideal luminosity production 1.54 fb-1 / day* (2024+9%) , max heat load: 171 W/h.c.

* With schemes featuring a higher number of bunches, the bunch charge may be
limited by heat-load (assumed 175 W/h.c.)

* Luminosity model including burn off losses, IBS, other sources of emittance
growth and assuming 100% availability, a turn around time of 2.5h, a pile up

and an absolute luminositi limit at 2.2:10% cm?s!
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* The margin obtained thanks to scrubbing in 2024 should allow for reaching the targeted
bunch intensity (1.8-102 p/b) with trains of 3x36b:

- Ideal luminosity production 1.54 fb-1 / day* (2024+9%) , max heat load: 171 W/h.c.

* With schemes featuring a higher number of bunches, the bunch charge may be
limited by heat-load (assumed 175 W/h.c.)

— 4x36b: Ideal luminosity production 1.55 fb* | day, max intensity: 1.8-10p/b
Number of collisions at IPs 1 and 5: +5%, at LHCb: +4%

* Luminosity model including burn off losses, IBS, other sources of emittance
growth and assuming 100% availability, a turn around time of 2.5h, a pile up

and an absolute luminositi limit at 2.2:10% cm?s!
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* The margin obtained thanks to scrubbing in 2024 should allow for reaching the targeted
bunch intensity (1.8-102 p/b) with trains of 3x36b:

- Ideal luminosity production 1.54 fb-1 / day* (2024+9%) , max heat load: 171 W/h.c.

* With schemes featuring a higher number of bunches, the bunch charge may be
limited by heat-load (assumed 175 W/h.c.)

— 4x36b: Ideal luminosity production 1.55 fb* | day, max intensity: 1.8-10p/b
Number of collisions at IPs 1 and 5: +5%, at LHCb: +4%

— 5x36b: Ideal luminosity production 1.55 fb / day, max intensity: 1.7-10*p/b
Number of collisions at IPs 1 and 5: +6%, at LHCb: +6%

* Luminosity model including burn off losses, IBS, other sources of emittance
growth and assuming 100% availability, a turn around time of 2.5h, a pile up

and an absolute luminositi limit at 2.2:10% cm?s!
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* The margin obtained thanks to scrubbing in 2024 should allow for reaching the targeted
bunch intensity (1.8-102 p/b) with trains of 3x36b:

- Ideal luminosity production 1.54 fb-1 / day* (2024+9%) , max heat load: 171 W/h.c.

* With schemes featuring a higher number of bunches, the bunch charge may be
limited by heat-load (assumed 175 W/h.c.)

— 4x36b: Ideal luminosity production 1.55 fb* | day, max intensity: 1.8-10p/b
Number of collisions at IPs 1 and 5: +5%, at LHCb: +4%

— 5x36b: Ideal luminosity production 1.55 fb / day, max intensity: 1.7-10*p/b
Number of collisions at IPs 1 and 5: +6%, at LHCb: +6%

— Hybrid: Ideal luminosity production 1.51 fb* | day, max intensity: 1.6-10"p/b
Number of collisions at IPs 1 and 5: +10%, at LHCb: +8%

* Luminosity model including burn off losses, IBS, other sources of emittance
growth and assuming 100% availability, a turn around time of 2.5h, a pile up

and an absolute luminositi limit at 2.2:10% cm?s!
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* The margin obtained thanks to scrubbing in 2024 should allow for reaching the targeted
bunch intensity (1.8-102 p/b) with trains of 3x36b:

- Ideal luminosity production 1.54 fb-1 / day* (2024+9%) , max heat load: 171 W/h.c.

* With schemes featuring a higher number of bunches, the bunch charge may be

limited by heat-load (assumed 175 W/h.c.) S 102

scrubbing at the end
— 4x36b: Ideal luminosity production 1.55 fb | day, max intensity: 1.8:10%p/b | of 2025, the bunch

intensity will no
Number of collisions at IPs 1 and 5: +5%, at LHCb: +4% a4

longer be limited by
_. 5x36b: Ideal luminosity production 1.55 fb / day, max intensity: 1.7-10%p/b | heat-load:
Number of collisions at IPs 1 and 5: +6%, at LHCb: +6% - »1.56 fb''/day
— Hybrid: Ideal luminosity production 1.51 fb* | day, max intensity: 1.6-10*p/b LI
Number of collisions at IPs 1 and 5: +10%, at LHCb: +8% -~ »1.58 fb''/day
(2024+12%)

* Luminosity model including burn off losses, IBS, other sources of emittance
growth and assuming 100% availability, a turn around time of 2.5h, a pile up

and an absolute luminositi limit at 2.2:10% cm?s!
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* About half of the fills are dumped before the
optimal length
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* About half of the fills are dumped before the
optimal length
-~ Operating with more bunches and less
intensity per bunch is favourable (higher levelled
luminosity, in PU limited regime), but not
dramatically
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* About half of the fills are dumped before the

optimal length
-~ Operating with more bunches and less
intensity per bunch is favourable (higher levelled
luminosity, in PU limited regime), but not
dramatically
- Input from LPC: The PU limit goes down with
the number of bunches. We should rather
consider an absolute luminosity limit
(2.2-10** cm?s)

Integrated luminosity per day (fb™')

o
b

—_
N

=
T~

—_
2

—_
o

S
o0

S
=)

<
T~

S
o

Bunch intensity and filling scheme, performance

hybrid@1.6-10"p/b
Linax:2.30-10% cm?s™

(PU: 63.9) J

|
Ve .

l':: :
;A

_ j-. : 5x36b@1.8-10'"p/b

£ : Liax:2.21- 1034 cm2s!

{ i (PU: 64.0)
: :
3 ]
g |
|
|
|
|
|
|
|
|
|
1
|
|
ISD_h}.fbl—jd—?_: 8 e 180 5x36_1.8
10 20
Fill duration (h)

11.12.2024



Bunch intensity and filling scheme, performance
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* Expected integrated luminosity with 135
days of physics (applying the 2024
statistics of turn around times and
premature dumps in SB): ~135 fb+
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3x36h mmmmmm=pp» 1.9-10" p/inj
Ax36h ==l 2.6-10" p/inj

5x36b mmmmsmm—ip- 3 2.10" p/inj
Hybrid el 4 3.10' p/inj
HL-LHC: 5.5 6.6 -10" p/inj
Injection losses were problematic in 2023 (B1) with the hybrid scheme: 3.8:10* p / inj

Mitigation were put in place (interlock moved to new BLMs, optimised TL) but no unique
cause was identified, further experience with high charge per injection is critical for

HL-LHC
— A conservative approach would be to ramp up the bunch intensity with 4x36b, then

switch to 5x36b (over a TS?) adjusting the bunch intensity to the heat-load level.
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* Expected integrated luminosity with 135
days of physics (applying the 2024
statistics of turn around times and
premature dumps in SB): ~135 fb+
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3x36h mmmmmm=pp» 1.9-10" p/inj
Ax36h ==l 2.6-10" p/inj

5x36h w3 2-10'% p/inj
Hybrid esssss=@s- 4 3.10' p/inj
HL-LHC: 5.5 6.6 -10% p/inj

* Injection losses were problematic in 2023 (B1) with the hybrid scheme: 3.8:10% p / inj
Mitigation were put in place (interlock moved to new BLMs, optimised TL) but no unique
cause was identified, further experience with high charge per injection is critical for

HL-LHC
— A conservative approach would be to ramp up the bunch intensity with 4x36b, then
switch to 5x36b (over a TS?) adjusting the bunch intensity to the heat-load level.

 The hybrid scheme implies additional difficulties and preparation time in the injectors
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* Expected integrated luminosity with 135
days of physics (applying the 2024
statistics of turn around times and
premature dumps in SB): ~135 fb+
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3x36h mmmmmm=pp» 1.9-10" p/inj
Ax36h ==l 2.6-10" p/inj

5x36b mmmmsmm—ip- 3 2.10" p/inj
Hybrid el 4 3.10' p/inj
HL-LHC: 5.5 6.6 -10" p/inj
Injection losses were problematic in 2023 (B1) with the hybrid scheme: 3.8:10* p / inj

Mitigation were put in place (interlock moved to new BLMs, optimised TL) but no unique
cause was identified, further experience with high charge per injection is critical for

HL-LHC
— A conservative approach would be to ramp up the bunch intensity with 4x36b, then

switch to 5x36b (over a TS?) adjusting the bunch intensity to the heat-load level.

The hybrid scheme implies additional difficulties and preparation time in the injectors
— Not for startup, but could be prepared in parallel to physics and used later in 2025 or in

2026



High intensity tests

* Few pushed beams could fit for the full physics Alowed #bunches vs intensity
cycle until collision with 2.3-10" p/b: — 202 b -2
- 8bde scheme: 1972b o b engreta
expected luminosity at f*=1.2m: 2.2:10%*cm?s* (PU~81)
-~ 12b with <2000b (L < 2.3-10%cm?s?)

Intensity [1ell ppb]
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High intensity tests

 Few pushed beams could fit for the full physics
cycle until collision with 2.3-10" p/b:

- 8bde scheme: 1972b
expected luminosity at f*=1.2m: 2.2-10% cms* (PU~81)
- 12b with <2000b (L < 2.3-10%*cm=s)

e HL-LHC nominal schemes 5x48b, 2748b (4x72b, &
2760b7?) could be tested at injection (longer
bunches), possibly ramped and dumped at low o

energy (TCDS limitation) .

Allowed #bunches vs intensity

—— 2024, bunch length=1.2 ns
—— 2025, bunch length=1.2 ns
—— 2025, bunch length=1.25 ns
5000 4 —— 2025, bunch length=1.3 ns
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High intensity tests

 Few pushed beams could fit for the full physics
cycle until collision with 2.3-10" p/b:
- 8b4de scheme: 1972b
expected luminosity at f*=1.2m: 2.2:10%*cm?s* (PU~81)
- 12b with <2000b (L < 2.3-10*cm™s?)

+ HL-LHC nominal schemes 5x48b, 2748b (4x72b, #"
2760b?) could be tested at injection (longer
bunches), possibly ramped and dumped at low

energy (TCDS limitation)

Allowed #bunches vs intensity

—— 2024, bunch length=1.2 ns
—— 2025, bunch length=1.2 ns
—— 2025, bunch length=1.25 ns
5000 4 —— 2025, bunch length=1.3 ns

6000

4000
(]

che

#]

0 T T T T T T T
1.4 16 1.8 2.0 2.2 2.4 2.6
Intensity [1ell ppb]

- The warm modules are not limiting for those beams, there are no other
known limitations, risks are only linked to unknown unknowns
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High intensity tests

 Few pushed beams could fit for the full physics
cycle until collision with 2.3-10" p/b:

- 8b4de scheme: 1972b
expected luminosity at f*=1.2m: 2.2:10%*cm?s* (PU~81)
~ 12b with <2000b (L < 2.3-10%*cm2s?)
e HL-LHC nominal schemes 5x48b, 2748b (4x72Db,

Allowed #bunches vs intensity

—— 2024, bunch length=1.2 ns
—— 2025, bunch length=1.2 ns
—— 2025, bunch length=1.25 ns
—— 2025, bunch length=1.3 ns

6000
5000 A

4000
(]

che

5
2 3000 -

#]

2760b?) could be tested at injection (longer
bunches), possibly ramped and dumped at low
energy (TCDS limitation) .

T T T T T T T
1.4 16 1.8 2.0 2.2 2.4 2.6
Intensity [1ell ppb]

- The warm modules are not limiting for those beams, there are no other
known limitations, risks are only linked to unknown unknowns

« Tests with such beams are critical to assess the validity of the beam dynamics
models, validate the operational procedures and identify unexpected issues that
could be addressed during LS3

— Instabilities
- Beam-beam
- Longitudinal dynamics, RF power / voltage

- Losses through the cycle

Compromise on number of
bunches may be found to
minimise risk on equpiment

Inherently necessitate
additional risk on
equipment

- E-cloud
- Beam induced heating
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High intensity tests: Potential strategies

* No tests beyond operational beams in Run 3
- Pushing the risk of uncovering unexpected issues to the start of Run 4
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High intensity tests: Potential strategies

* No tests beyond operational beams in Run 3
- Pushing the risk of uncovering unexpected issues to the start of Run 4

* Testing in slow intensity ramp up phases, with close monitoring of
the related observable (Beam losses, vacuum, temperature) as in

usual intensity ramp up phases.
- Exact procedures and allocated time to be determined (too long for
MDs?)
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High intensity tests: Potential strategies

* No tests beyond operational beams in Run 3
- Pushing the risk of uncovering unexpected issues to the start of Run 4

* Testing in slow intensity ramp up phases, with close monitoring of
the related observable (Beam losses, vacuum, temperature) as in
usual intensity ramp up phases.

- Exact procedures and allocated time to be determined (too long for
MDs?)

* Dedicated ‘high intensity run’ at the very end of Run 3 (after the
lon run)

- Additional time for re-setting up proton beams, intensity re-ramp-up

— Impact on cool-down time before LS3. Note: Most critical items do not
need collisions
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Conclusion

* Yet another configuration of IRs 1 and 5 are needed to maintain the triplet alive until
the end of Run 3

There are consequences for the forward physics experiments, but they can all
be maintained

The new cycle features a rotation of the crossing angle plane in IRs 1 and 5 and
flat B* levelling from 60 to 18cm

A set of IR magnets are reaching the predicted damage limit. “La chance ne
sourit qu'aux esprits bien préparés”

The potential of the BBLR is probably jeopardised by the change of crossing
plane, yet studies are ongoing.

In view of HL-LHC, a pushed cycle (lower B* and Xing angle, collimation optics)
should be envisaged for 2026, with dedicated preparation time in 2025
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Conclusion

* Yet another configuration of IRs 1 and 5 are needed to maintain the triplet alive until
the end of Run 3

There are consequences for the forward physics experiments, but they can all be
maintained

The new cycle features a rotation of the crossing angle plane inIRs 1 and 5 and
flat B* levelling from 60 to 18cm

A set of IR magnets are reaching the predicted damage limit. “La chance ne
sourit qu'aux esprits bien prépareés”

The potential of the BBLR is probably jeopardised by the change of crossing
plane, yet studies are ongoing.

In view of HL-LHC, a pushed cycle (lower B* and Xing angle, collimation optics)
should be envisaged for 2026, with dedicated preparation time in 2025

* Filling schemes featuring a higher number of bunches (4x36b, 5x36b) have higher
potential if scrubbing continues and allows to increase the bunch intensity.

The exact performance will be re-evaluated with the constraint on absolute
luminosity rather than PU

A performance gain could come with shorter LHC injection plateau if the injection
efficiency can be maintained with higher charge per injection

The hybrid schemes allows to reach the highest number of bunches, testing it
would be an asset in view of HL-LHC. Preparation work is required in the
Injectors.

11.12.2024



Conclusion

Yet another configuration of IRs 1 and 5 are needed to maintain the triplet alive until the end
of Run 3

There are consequences for the forward physics experiments, but they can all be
maintained

The new cycle features a rotation of the crossing angle plane in IRs 1 and 5 and flat B*
levelling from 60 to 18cm

A set of IR magnets are reaching the predicted damage limit. “La chance ne sourit
qu'aux esprits bien préparés”

The potential of the BBLR is probably jeopardised by the change of crossing plane, yet
studies are ongoing.

In view of HL-LHC, a pushed cycle (lower B* and Xing angle, collimation optics) should
be envisaged for 2026, with dedicated preparation time in 2025

Filling schemes featuring a higher number of bunches (4x36b, 5x36b) have higher potential if
scrubbing continues and allows to increase the bunch intensity.

The exact performance will be re-evaluated with the constraint on absolute luminosity
rather than PU

A performance gain could come with shorter LHC injection plateau if the injection
efficiency can be maintained with higher charge per injection

The hybrid schemes allows to reach the highest number of bunches, testing it would be
an asset in view of HL-LHC. Preparation work is required in the injectors.

Intensities beyond operational levels (1.8-101 p/b) should be explored in view of HL-LHC,
possibly in dedicated slow ramp up phases or during a high intensity run at the end of Run 3.

11.12.2024



BACKUP

S. Fartoukh @ LMC 04.12.2024

e Exclusion (RPH for both IR1 and IR5)

(i) RP-H kills the single-pass dispersion at the XRP (disaster
for AFP/PPS) but also at the nearby TCL6 (DS losses & QPS!!)

AFP simulations for 2024 optics with H DS losses simulations in IR1 with RPH & RPV optics (V.
crossing Rodin)

- (courtesy of M. Trebinsky) Cell 8-9 Half-cell 11
: s =13.6 TeV, B = 0.5 m; ATS, beam 1, 6 =145 urad, ¢ = 0, inv. polamyv2__. — 6800 GeV [GEV/CO"] [GEV/COII]
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BACKUP

S. Fartoukh @ LMC 04.12.2024

e Exclusion (RPH especially for IR1)

(ii) RP optics (H or V) was discovered to increase the background to FASER/SND with pu* (especially > 1 TeV)
] ~40% of it could be washed out by a RP variant with strong 04 and Q5 off

1 but not the high energy 1" and at price of tripling the low energy pu for RPH(Q50ff) w.r.t. 2024 (poor TCL6
effectiveness due to ~0 dispersion @ TCL6) [RPV(Q5o0ff) not studied but irrelevant, see later]

Muon background to FASER detector (A—Keyken

RP optics variant with RHU) -
0.030{ === u*
QJ{off . * Overall
T - O Flux
2 0,020
iplbl g i
s W e e T A
;L < B B y ‘ 2.5 5 = 0.010 A
g 3500. - ' i g
§ : | ‘ o 0.005 -
A 3000. { | . { 2 0.000 -
188 l. - Strong Q4 with
2500. 1 || reversed ¢
| polarity (H focusing) &
2000. 1 '1 - NoQ5 N
| . 0.00538
1500. - Strong Qf 2 'g oans [T -
o | I 0’ : soos Fraction >
- ' ' F 05 T 1TeV
< III — 0.2 f;’ 0.003
500. - 14 _ 0.0 gu.ooz- 0.00213
0.0 KX S / — . . - , . - 02 ool 0.00126
04/12/2024 0.0 300. 600. 900. 1200. S. Fartoukh, LMC ' 0.00043 5
5 (m) 00011
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BACKUP

S. Fartoukh @ LMC 04.12.2024

e Exclusion (Nom-V)

O The IR5 configuration (Nom-H since ever) needs to be changed in 2025 (IT radiation)

] With RPH excluded, we are left with RPV and NomV, both requesting similarly a rotation of the XRPs
for PPS, with only one polarity allowed for the X-angle (V-)

] For a fixed polarity of the V-crossing, Nom-V has the VERY WORST ratio Radiation/Lumi of ~0.5
MGY/fb™ for D1: Q3 V-defocusing & V-crossing

T I
a5 | ] . Q2B 180deg P
Run-1 ' Run-2 | Q2A Odeg Rin-3
! 2016 | L 203! 2024 | 2025 .7
30 - | s | 2
27.8

- Nom
€ 25|
I~
o
2 2f
o
£
&
2 15|
T
4
[+
Q
o

10 |

5 5

0 i ¢ | : 1 1 :4 |: | 1 1 1 & 9 1 i1

0 50 100 150 200 250 300 350 400 450 500 550 600
04/12/2024 intagrated fuminosity [ b~ |
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BACKUP

S. Fartoukh @ LMC 04.12.2024

MBXWA disconnected and restoring the ring
geometry

0.00220

xim

0.0

-0.00044 4
-0.00088
-0.00132
-0.00176 A

-0.00220

0.00176 -
0.00132 -
0.00088 -
0.00044 -

Thebl

X

0.0

" 100.

" 200.

" 300.

sim)

" 400.

500.

" 600.

by only acting on D1 3890 A) & D2 (+2.55%)

_MAD-X 5.09.01 19/11/24 14.24.16

xim

Idem, mitigating D1 (815 A), reducing D2 (-5%),
using MCBXH3 (+250 A), and closing the bump

0.00220

0.00176 -
0.00132 -
0.00088 -
0.00044 -

0.0 -
-0.00044
-0.00088
-0.00132 4
-0.00176 4

-0.00220

0.0

©100. 2000 300. 400. 500. 600

5(m)

0 Only works for H crossing because the H-Xing (always > 0) fights against D1: we are lucky !
0 MCBXH3 is very well shielded for radiation by the MCSTX coils: we are lucky again !
0 AQuestion: do we put it in preventively already beginning of next year ?

11.12.2024
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BACKUP

Bunch intensity and filling scheme, performance (L. Mether

N Collisions Heat load [W/hc] N. . N. . ts)zf_tg;t intf#s?gl for
© PS5 P2 P8 g 11 18e1t | | [s] Tiom e
3x48b 2556 187 201

6x36b 2604 | 2592 | 2097 | 2059 191 | 216 | 13 18 1.57
Hybrid-7+47x48b | 2604 | 2592 | 2224 | 2313 | 174 187 | 240 | 13 14.4 1.62
5x36b 2496 | 2484 | 2121 | 2260 | 168 180 | 16 14.4 1.71
4x36b 2460 | 2448 | 2005 | 2146 | 164 144 | 20 10.8 1.77
3x36b 2352 | 2340 | 2004 | 2133 | 156 168 | 108 | 24 7.2 18

11.12.2024


https://lpc.web.cern.ch/schemeEditor.html?user=lotta&scheme=LHC-2024/25ns_2604b_2592_2097_2059_6x36bpi_13inj_800ns_bs200ns.json
https://lpc.web.cern.ch/schemeEditor.html?user=lotta&scheme=LHC-2025/25ns_2604b_2592_2224_2313_hybrid_8b4e_1x48b_25ns_4x48b_13inj.json
https://lpc.web.cern.ch/schemeEditor.html?user=lpc&scheme=Studies/25ns_2496b_2484_2132_2280_180bpi_16inj_5x36b.json
https://lpc.web.cern.ch/schemeEditor.html?user=lotta&scheme=LHC-2024/25ns_2460b_2448_2005_2146_144bpi_20inj_4x36b.json
https://lpc.web.cern.ch/schemeEditor.html?user=lpc&scheme=2024/25ns_2352b_2340_2004_2133_108bpi_24inj.json
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BACKUP

BCMS vs Std (S. Kostog

[
o

e |.5e11 ppb

m ] .55e11 ppb
1.6el1 ppb
1.65el1 ppb
1.7el1 ppb

s 1. 75e11 ppb
1.8ell ppb

oo

@)

B

W)

-15% lower initial emittance at SB (%)

Gain in integrated luminosity from

0 | | | | |
45 40 35 30 23 20
Minimum £ * (cm)
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BACKUP

Lifetime at injection (K. Paraschou

B1 knob: 3.2
B2 knob: 2.5
Tunes: 62.295/60.313

— vy
BLM Lifetime B2

1000 i

4 |w|.1llu Wk‘ "b'v,." '»L r»1 . _ '\

| 1|1 1Tl ol e
(M W ] jr\ﬂ [ [ o o S o
T
- L 1 i 1 ‘ | |
= ﬁl |{I|-|.ﬂ|l’nf‘r|)‘[,|,‘ﬂj J
£ m | ’ ' | ‘ | 1 | | II [‘1 |
§ 100 ‘ = ‘ | |
IRl ‘ ‘
negative octupoles polarity
104 |
07:40 07:45 07:50 07:55 08:00 08:05 08:10
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BACKUP
Heat load (L. Mether

Sector S78
200 | 36bx6 (2604 b)
hybrid-7+47x48b (2604 b)
190 | » hybrid-8+45x48b (2556 b)
| - 36bx5 (2496 b)
o hybrid-10+43x48b (2556 b)
S 180 | e . __ 36bx4 (2460 b)
— hybrid-11+41x48b (2508 b)
< hybrid-11+40x48b (2460 b)
5 170 36bx3 (2352 b)
T
160 -
150 - | . | . |
1.60 1.65 1.70 1.75 1.80

Bunch population [10! p*/bunch]
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BACKUP
5x36b

Optimal AGK setting: 32351

Beam Info Collisions
Bunches B1/B2 2496/ 2496 ATLAS/CMS 2484
Injections B1/B2 16/ 16 ALICE 2132 (85.8%)
LHCb 2280 (91.8%)

Non Colliding B1 0
Non Colliding B2 0

Bl classes : 0:0 1:18 2:0 3:198 4.0 5346 6:12 7:1922
B2 classes: 0:0 1:18 2:0 3:198 4:4 5:342 6:8 7:1926

11.12.2024


https://lpc.web.cern.ch/schemeEditor.html?user=lpc&scheme=Studies/25ns_2496b_2484_2132_2280_180bpi_16inj_5x36b.json

BACKUP
4x36b

possible LHCh callsions  possible ALICE callsions Optimal AGK seting: 32761

Beam Info

Collisions
Bunches B1/B2 2460/ 2460 ATLAS/CMS 2448
Injections B1/B2 20/ 20 ALICE 2005 (81.9%)
LHCb 2146 (87.7%)

Non Colliding B1 8
Non Colliding B2 0

Blclasses:0:8 1:35 2:4 3:267 4:0 5412 60 7:1734
B2 classes : 0:0 1:34 2:0 3:280 4:4 5:417 6:8 7:1717

11.12.2024


https://lpc.web.cern.ch/schemeEditor.html?user=lotta&scheme=LHC-2024/25ns_2460b_2448_2005_2146_144bpi_20inj_4x36b.json

BACKUP
Hybrid-7+47x48b

-H|I|||I|\||I"”I”'I””I||1|I|1|I11|1I|IHIHH
AR Sans mases [ RNA RRAN MARAN MESSS BESR mESSe mANSS SRRR

Beam Info Collisions
Bunches B1/B2 2604 / 2604 ATLAS/CMS 2592
Injections B1/B2 13 /13 ALICE 2224 (85.8%)
LHCb 2313 (89.2%)

Non Colliding B1 0
Non Colliding B2 0

B1classes:0:0 1:55 2:0 3:236 4:0 5:325 6:12 7:1976
B2 classes: 0:0 1:72 2:0 3:219 4:0 5:308 6:12 7:1993

11.12.2024


https://lpc.web.cern.ch/schemeEditor.html?user=lotta&scheme=LHC-2025/25ns_2604b_2592_2224_2313_hybrid_8b4e_1x48b_25ns_4x48b_13inj.json

BACKUP

rated luminosity and triplet lifetime

Radiation forecast and back up for D1 in IR1 LMC oA 1 2053

e Radiation forecast for the IT&D1 in IR1 and IR5

PEAK DOSE [MGy] BY THE END OF

MAGNET
IT (Q2A) IR1 19.5 25 30.5

D1 IR1 67.5 85 1025
IT (Q2B—>Q2A) IR5 23.5 25.5 28
D1IR5 61.5 68.5 73.5
LUMI [fb] 380 480 580

04/12/2024 S. Fartoukh, LMC 9

11.12.2024



BACKUP

rated luminosity and triplet lifetime

Radiation forecast and back up for D1 in IR1 LMC oA 1 2053

e Radiation forecast for the IT&D1 in IR1 and IR5

PEAK DOSE [MGy] BY THE END OF

MAGNET
IT (Q2A) IR1 19.5 25 | 27.0| 30.5
D1 IR1 67.5 85 915 102.5
IT (Q2B—>Q2A) IRS 23.5 25.5|26.4 28
D1IR5 61.5 68.5170.3 73.5
LUMI [fb1] 380 480 580
04/12/2024 S. Fartoukh, LMC I 9
Most optimistic integrated luminosity estimate: 137 fb™ 70 fb!
* Yet not taking into account potential
improvements in the 2026 cycle I I

* From R. Steerenberg @ LMC 04.12.2024: 2025 - 138 days/ 2026 - 66 days

11.12.2024
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