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Introduction

0 The HL-LHC beam intensity poses serious challenges on the collimation system performance
specially for ions.
0 Factor 100 worse halo cleaning efficiency than for protons due to fragmentation processes.
= Could be limiting if nothing is done (more details in A. Lechner’s talk).
U Risk of magnet quenches in the IR’s DS due to BFPP losses.

Run Il heavy-ion runs
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Collimator settings

Collimator settings chosen close to the proton run ones (gain in set-up time).
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Pb-Pb 2018 commissioning
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B1H IP1 TCTPH losses measurements and simulations

. . . . . . i 1P1 1P2 1P3 P4 IP5 IP6 1P7 P8 IP1
Collimator settings validation using hiSixtrack- | ..
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B2H IP6 TCSP losses measurements and simulations
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Run Il cleaning performance overview

Worse cleaning than for protons due to fragmentation, more cold spikes along the ring.
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Apparent breakage of hierarchy:

o In 2018 the IR7 collimators were realigned but no change was observed in
the distribution of losses.

o In addition, tests were performed by opening the TCSGs but again no
change was observed in the distribution of losses.

@E@W |::> No broken hierarchy, TCSGs catch the leakage from the TCPs.
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Run Il cleaning performance overview

Worse cleaning than for protons due to fragmentation, more cold spikes along the ring.
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1.3 s BLM integration time window

7 dumps with a similar signature out of 48 fills. g
Attributed to horizontal trajectory oscillations at 8-12 Hz 3
and found to be compatible with horizontal movement of
Q5R2.

O ADT and 100Hz BLMs at TCPs show that they were always
present but only observed in 2018 due to an enhancement

of the effect because the beam is squeezed to 50 cm B* in
IP2.

|
This study gives us an idea of
how far we had been from the |
operational thresholds for this
particular BLM integration
time.

a
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A better cleaning could contribute to mitigate this dumps.
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Highlights from the crystal collimation tests with ion beams

Crystal collimation (2013/2018).
Complete layout for operational tests (one crystals per beam and plane).

Thanks to D. Mirarchi
Bent crystal Massive Absorber

.......................................................................................................................

Secondary halo

l . + hadronic shower & Dechanneling . .
Circulating - - -
beam . . .

Full program of crystal collimation tests with Pb ions completed.

Complete characterization of all crystal devices with Pb ion beam.

Loss map campaign with different settings to be compared with standard collimation and previous
measurements .

Crystals channeling during dynamic processes.

Test with sustained losses on all four planes at the same time.
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Highlights from the crystal collimation tests with ion beams

Betatron losses B1 6370 Z GeV Horizontal 2018-11-7 23:31:39 1010 Betatron losses B1 6370 Z GeV Horizontal 2018-11-8 03:02:43
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U General improvement in cleaning inefficiency.

O Crystals successfully kept in channeling during squeeze and able to sustain high losses for several hours.
E k' Q Crystals were part of the intensity ramp up and they were injected with 600b.

Hecrro—r oot T \




Outline

DO

Run Il Pb-Pb BFPP losses and mitigation
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In Run Il the ALICE luminosity was limited by the detector saturation not by Bound Free Pair

Production (BFPP) losses because we could not go higher than 102 cm2s?.

O The detector will be upgraded to accept ~50 kHz event rate in LS2.
O In ALICE orbit bumps can not move BFPP losses into connection cryostat similarly to IP1/5 due to optics,

TCLD is foreseen for HL-LHC.
\

U For ATLAS and CMS in Run Il due to the improvement in beam parameters and optics it was foreseen
that the peak luminosity could be limited by BFPP losses (A. Lechner’s talk).

O In 2015 a BFPP orbit bumps method was 003

implemented to move the secondary beam into P_L‘ = H AT e
| the connection cryostat to reduce risk of quenches 0-02¢ 208-Pb-81+ |
;' and successfully removed ATLAS and CMS 0.01 208:Rb-82+ BFPP1
limitation. E o000 S
70.01-‘; § g
Later in the 2015 the first controlled LHC dipole ooal o ]
guench using a BFPP beam confirmed a luminosity h_J i
limit at L=2.5x10%” cm2 s (=50W into magnet). 0% 00 -

L, HL-LHC PROJECT

H| Lumi (C\E/RW)\ Thanks to J. Jowett and M. Schaumann
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In the 2018 run, bumps were adjusted empirically
in ATLAS and CMS a good agreement with
calculations on the location of the losses have been
observed.
O With the exception of left of IR5 (same as in
2015) but still the method worked well.

O In ALICE luminosity was still limited to 10?7 by the
saturation of the detector and BFPP losses were less
critical however BFPP bumps were used to
distribute the losses over two cells.

U Due to the 75 ns filling scheme some collisions were
provided for LHCb with a peak luminosity up to 10%7
cm2s1 with BFPP losses far from the quench limit.
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Are the BFPP bumps in IR1/5 a robust enough solution?

O Peak luminosity record achieved in 2018 in ATLAS and CMMS.
O A margin between the BFPP level of losses and the thresholds used in operation still exists.

L Good control over the bumps. Peak Luminosity in 'Stable Beams'
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Luminosity reach with present upgrade scenarios
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Luminosity reach with present upgrade scenarios
Halo and DS cleaning in IR7 improved by the installation of the TCLD in IR7.

Thanks to P. Hermes
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O In addition, the Run Il layout with the MoGr TCPs and Mo coated MoGr shows to reduce the average
inefficiency in the first cluster by a factor ~2 (simulations done for TCLD in C8, to be updated).

(HL-LHC Annual meeting CERN, 15-18 Oct 2017,Runll

iL i , C\E?W layout and performance for lead ions)
L-LHC PROJEC




Luminosity reach with present upgrade scenarios
BFPP losses in IP1/5 - BFPP bumps

0 Good control of the losses by using the BFPP bumps demonstrated operationally.
O Based on the 2018 results we are confident that we can go to 7x10%” cm2s (6.1x10%” achieved in 2018!)

 BFPP losses in IP2 - TCLD in IR2 ALICE will be upgraded in LS2 allowing to go up to 6-7x10%7 cm2 s,

0.04 Thanks to J. Jowett

FLUKA energy depositions studies show that the losses
i bf:g‘l;r:ghout estimated on the surrounding magnets and cryostat bus
bars are below the quench limit (More in A. Lechner talk).

TCLD collimator
(post LS2) Thanks to
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Conclusions (l)

O lon runs were closer to the limit than the proton runs during operation and in the set-up.

O The worsening of the inefficiency in halo cleaning in IR7 is a limiting factor for higher
intensities. We have to take into account that for the short runs, the availability is very
important and each single fill counts.

O Control of heavy-ion beam losses, e.g. collimation and BFPP, is critical, complicated and
may surprise. Simulations are an increasingly reliable guide to understand the origin

and locations of the losses.

O Crystal collimation shows promising results (more in Daniele’s talk).




Conclusions(ll)

O During Run Il we have come close to the full “HL-LHC” heavy-ion performance but still about a factor
2 lower in intensity. However with the planned upgrades and based on Run Il operation we expect to
overcome the envisage intensity and luminosity limitations.

B*1P1/2/5/8 0.8/0.8/0.8/3 0.5/0.5/0.5/1.5 0.5/0.5/0.5/1.5 0.6/2/0.6/1.5 0.5/0.5/0.5/0.5

Ep, [Z TeV] 6.37 6.37 7 4-6.5 7
Pb/bunch[10%] 2.0 2.2 1.8 2.1 1.8
Ny 518 733 1232 540 1232
E, [MJ] 8.6 13.5 21 9.7 21
Laa[10%7 cm2 571 3.6 6.1 7 850 1740
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Luminosity reach with present upgrade scenarios

Quantity design achieved upgrade
Year (2004) | 2010 2011 2015 2018 >2021
Weeks in physics - 4 3.5 25 35 -
Fill no. (best) 1541 2351 4720 7473 -
Beam energy E[Z TeV] 7 35 6.37 6.37 7

Pb beam cnergy E[A TeV)| 2.76 1.38 2.51 2,51 2.76
Collision energy /5y [TeV] 5.52 251 5.02 5.02 5.52
Bunch intensity N}, [103] 0.7 .22 1.07 2.0 2.2 1.8
No. of bunches k; 592 137 338 518 733 1232
Pb norm. emittance ¢ [pm] 1.5 2. 2.0 2.1 2.0 1.65
Pb bunch length o, m 0.08 0.07-0.1 0.08
3" [m] 05 |35 10 08 0.5 0.5
Pb stored energy MJ/beam 3.8 065 1.9 8.6 13.3 21
Luminosity L4 [10%em =257} 1 003 05 36 6.1 7
NN luminosity Lyy [10*em 257! 1.3 22 156 264 303
:‘l:;%r{“]‘ed luminosity/experiment 1000 | 9 160 433585 900.1800 | 10*
Int. NN lumi./expt. [ph_L] 43 038 6.7 19,25.3 39,80 4.3 % 10°

Thanks to J. Jowett
i i , CERN
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Aperture measurements 2018

Aperture measurements summary (Positive ALICE polarity)

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Wih octupoles ON

*kkkkkkkkkhkkhkhkkikkx

B1H: at Q3L1 between 12.3-12.8 sigma
B1V: at Q3L1 between 13.6-14.1 sigma
B2H: at Q3R1 between 10.6-11.1 sigma
B2V: at Q3R1 between 13.3-13.8 sigma
With octupoles OFF

kkhkkkkkhkkkhkkhkhkkhkkix

B1H: at IP2 BLMEI.0O1L2.B1B10_BKGD_BCM between 13.4-13.9 sigma
B1V: at IP2 BLMEI.01L2.B1B10 BKGD_BCM between 12.72-13.19 sigma
B2H: at Q3R1 between 12.3-12.8 sigma
B2V: at Q3R1 between 13.1-13.6 sigma

= aperture measurement summary (Negative ALICE polarity)
kkhkkkkkkkkhkkhkhkkkhkkhkkhkhkkhkkhhkkhkkhkkhkkkhkkhhkhkhkkhkkhkkkkhkkhrkhkkkkhkkixk
B1H: Q3L1 between 13.24-13.73 sigma
B1V: Q3L1 between 13.38-13.88 sigma
B2H: Q3R1 between 14.15-14.65 sigma
B2V: Q3R1 between 13.28-13.75 sigma




2018 BFPP losses control

Good control to move the losses in a wide
range of bumps amplitude and large number
of BLMs available to monitor the changes.

O Example of BFPP bump scan in left of IP1 from

operational settings (-2.6 mm) to +5 mm
U Losses increase in MB.11L1 because the +5
mm bump moves the losses intentionally deep
into the dipole.
O Preparation of BFPP quench test.

Losses in the dipole
magnet 11L1I

Timeseries Chart between 20 .000 and 2

Dipole MB 11L1

| Empty cryostat

+5 mm < -2.6 mm
(optimized bump with losses in the .
cryostat) 3:10 19:15 19:20

LOC»‘\L_TlME :l.
ity i , CERN
HL-LHC PROJECT \ Thanks to M.Schaumann




In the 2018 new ion optics the TCTPH in IP2 has an

1 L ———————SS
-@®- TCTPH IP1 B1
MKD-TCT phase advance that differ from ideal (0° se- TCTH 2B
and 180 °) about ~43°/30° for Bl/BZ N 1013 = — Plastfc def. Iim?t dom?nated spread-out seFondaw particles
° Protons Studles ShOW a ||m|t of 30 . margln § 10127 \\\ ----Plastic def. limit dominated by focused pr|mar:y losses
for safe operation. g1o® N 'y
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gap [o]
MKD-TCTPH IR2 223° 212°
MKD-TCTPH IR5 162° 176°

TCTs impact distribution dominated by
secondary spread-out beam

turn 3
Dump failure simulations performed with hisixTrack-FLUKA :

[~
coupling to ensure the protection of the TCTs for baseline settings. _ " 5 -
Sensitivity study performed for different TCTs settings. £ —0.05 " 7
Conclusions: e A TcTsat9e
o Losses at the TCTs below the damage limit for baseline settings (9 ) %] -~ o (nominal
with 3.5¢ operation margin for B1 and 4 for B2. P E— — value)
( HiLum ) C\E/RW

-2 0 2
-LHC PROJECT

X [mm]
N A

For more details: https://indico.cern.ch/event/763571/




2018 BF

below J ]
quench level, L
will change

after LS2
(TCLD)

Bump spreads
losses
o ¢ il “\E\/Y“ iy

J"'\fu

Final values: Initial values:

= ON_BFPPR1=-26.; . ON BFPPR1=5.
- ON_BFPPL1=26; . ON BEPPL1=.5.-
- ON_BFPPR2=-2; . ON BEPP.R2-.3.
- ON_BFPPL2=26; . ON BEPPL2=.3.-
*  ON_BFPPRS5=-2.5; . ON_BFPP.RS:-S.’;
* ON_BFPPL5=-1.6; . ON_BFPP.L5=-5

PP bumps

IR8 levelled below
qguench level. No
mitigation foreseen.

w I

MR

‘—ﬂH——Hﬂiﬁ#ﬂ#ﬂdﬂ

aaa 3553

| e
o ﬂl_l 200 300 400 0

0.03 5 =
T

I
02

IRS f T
beyoﬁ{j __rf]"I—l_i‘l ] I]_I

quench level,
mitigated by r_rmnﬂ - H J

bump




