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DA as main observable

® HL-LHC performance strongly depends on the orchestration of
several beam and machine parameters during the cycle.




DA as main observable

® HL-LHC performance strongly depends on the orchestration of
several beam and machine parameters during the cycle.

* For the beam-beam and incoherent effects, the selection/validation
of the configuration for operation is based on numerical simulation
supported by the experience of the past runs: previous studies
established a correlation between beam lifetime from
experimental data and DA from simulations [1].
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HL-LHC DA requirements

Based on this experience, an operational scenario is characterized as
feasible when there are working points that satisfy the following criteria
in the simulations:

®* A minimum DA of at least 6 ¢.
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HL-LHC DA requirements

Based on this experience, an operational scenario is characterized as
feasible when there are working points that satisfy the following criteria
in the simulations:

®* A minimum DA of at least 6 ¢.

* Working point condition q,+5 1073 <(q,: no experience operating
below the diagonal and tune split of +5 10~3 to prevent possible
instabilities.

HL-LHC layout V1.5 assumed
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Injection Main Parameters

Parameters (unit) HL-LHC (values)
Beam energy (GeV) 450
Bunch population (protons) 2.3x10!!

Normalized emittance (um rad) 2.3 (standard) / 1.7 (BCMS)
IP1/5 B, (m) 6

IP8/2 8;., (m) 10
Nominal working point (Qx, Q) (62.27, 60.295)
Chromaticity Q;’y 15

IP1/5 half crossing angle (urad) 500 (H) / 500 (V)
IP2/8 half crossing angle (urad) 170 (V) / 170 (H)
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Injection Main Parameters

Parameters (unit) HL-LHC (values)
Beam energy (GeV) 450
Bunch population (protons) 2.3x10!!

Normalized emittance (um rad) 2.3 (standard) / 1.7 (BCMS)
IP1/5 B, (m) 6

IP8/2 8;., (m) 10
Nominal working point (Qx, Q) (62.27, 60.295)
Chromaticity Q;’y 15

IP1/5 half crossing angle (urad) 500 (H) / 500 (V)
IP2/8 half crossing angle (urad) 170 (V) / 170 (H)

DA dominated by the arc octupoles.
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About |0 polarity

450 GeV, 23 x 10" ppb, £,=2.3 pm, Q' = 15, rrys =6 m, Lo = —45 A
bapis)/2 =500 prad, Ppapas)/2 =170 prad, C- =3 x 1072, 8p/p=0

0.325

0.3001

Vertical tune, Q,

0.275

0250 0275 0300
Horizontal tune, Q,

I/\/IO = —45 A
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About |0 polarity

450 GeV, 2.3 % 10! ppb, £,=2.3 pm, Q' = 15, B5 s = 6 m, Ty =45 A
Gapiss)/2 =500 prad, dapass)/2 = 170 prad,C~=3x 1073, 8p/p=0

0.325

0.300

Vertical tune, Q,

0.275 N

0.250 0.275 0.300
Horizontal tune, Q,

lvo = +45 A

Beam-Beam and Noise Studies
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Correcting coupling helps

HL-LHC v1.5, 450 GeV, Np=2.3 x 10'" ppb, B1p;,s =6 m, p/21pys =500 prad, 5p/p=72.4x 10~

60.33

) =)
Minimum DA (o)

Vertical tune Q,

D D D D D
T e
[ N W w2 (o5}
o N} (=] — (38

S

62.28 62.30 62.32
Horizontal tune Q,

lmo =+45 A, C =3 x 103
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Correcting coupling helps

HL-LHC v1.5, 450 GeV, Np=2.3 x 10'" ppb, B1p;,s =6 m, p/21pys =500 prad, 5p/p=72.4x 10~
P21, 1ps = 170 prad, £, =2.3 pm, Q' = 15,Tyo =45 A,C~ =1x 103,56, =8.3 cm, Vgp =8 MV9

60.33

=

=)
Minimum DA (o)

[= = N~ N N
T e
NN W W W
® © S = B
)

Vertical tune Q,

S

62.28 62.30 62.32
Horizontal tune Q,

o = +45 A, C = 103
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Ap'P1=1P5 optimization

b
=

&R
o o
Minimum DA (o)

IPL-5
Hx

Assuming lyo = +45 A, C- =103



Ap'P1=1P5 optimization

HL-LHC v1.5, 450 GeV, Ny=2.3 X 10" ppb, Byp,,5 =6 m, ¢/2ipys = 500 prad, 5p/p =72.4x 10~
/251,18 = 170 pr: , 15,I0=45A,C~ =1x1073,6,=8.3 cm, Vgr =8 MV,

9

~

) o)
Minimum DA (o)

S

6228 6230 62.32
Horizontal tune Q,

o = +45 A, C- = 1073, optimized Ay
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Injection Studies Summary

® Incoherent effects at injection dominated by amplitude detuning
from octupoles (driven by e-cloud/stability considerations)

* a DA conservative scenario is assumed (Iyo =45 A)

® DA target achieved by positive octupole current, together with a
very good coupling control and IP1/5 phase optimization.
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Start of the L-levelling

Parameters (unit) HL-LHC (values)
Beam energy (TeV) 7
Luminosity (1034 Hz/cm?) 2.5

Bunch population (protons) 2.3x101
Normalised emittance (um rad) 2.5 (standard) / 2 (BCMS)
Nominal working point (Qx, Qy) (62.31, 60.32)
Chromaticity Q;’y 15

IP1/5 half crossing angle (urad) 250(H) / 250(V)
IP2/8 half crossing angle (urad) 170(V) / 170(V)
IP1/5 3, (m) 1

IP8/2 8;, (m) 1.5/10

Landau octupoles’ current (A) 410 (standard) / 460 (BCMS)
Half crab-cavity angle (urad) 0
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Effect of the missing MS10

HL-LHC v1.5, MS.10, Ny=2.3x 10" ppb, Bjp;,s = m, §/2ipys =250 prad
&2y 1ps= 170 prad, e, =2.5 pm, Q' = 15,Iyo =410 A,C~ =103
/|

60.330

60.325
5 ©
o ~
5 60.320 <
2 5
5 60315 é
8 .

60.310

60.305 ¥
62.305 62.310 62.315 62.320 62.325
Horizontal tune Qy

With MS10, tele-index=1
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Effect of the missing MS10

HL-LHC v1.5,n0 MS.10, N,=2.3x 10! ppb, Bjpys = 1 m, ¢/2ip15 =250 prad
&2y pg = 170 jirad, e, = 2.5 pm, Q' = 15, Iyo =410 A,C~ =103
/|

60.330

60.325

2
P
I¥]
S

2
o
G
Minimum DA (o)

Vertical tune Qy

60.310

60305 Pl

62.305 62.310 62.315 62.320 62.325 62.330
Horizontal tune Qy

3

. tele-index=1
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Effect of the missing MS10

HL-LHC v1.5,n0 MS.10, N,=2.3x 10! ppb, Bjpys = 1 m, ¢/2ip15 =250 prad

Tas = 0.5, $/2y 1pg = 170 prad, e, = 2.5 pm, Q' = 15, Iyio =410 A,C - 0’39
60.330

60.325

2
P
I¥]
S

2
o
G
Minimum DA (o)

Vertical tune Qy

60.310

60.305 ¥4
62.305 62.310 62.315 62.320
Horizontal tune Qy

Without MS10,
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DA vs 0

HL-LHC v1.5, No MS.10, Ny=2.3x 10'! ppb, Prp;;s = 1 m, ¢/2;py/s =250 prad
$/2v,1ps = 170 prad, £,=2.5 pm, Q" =15,C~ =103, Qy =Q; +5x 1073

N
(95
¥]
S

Horizontal tune Q,
Minimum DA (c)

400 450 500 550 °
Loct (A)

Moderate dependence on lpyo in the 400-500 A range (BB dominated).
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What about BCMS?

HL-LHC v1.5, no MS.10, N,=2.3% 10! ppb, prl,s =1 m, ¢/2py5 =250 prad

G2y 1ps = 170 prad, e, = 2.5 pm, Q' = 15Ty =410 A,C~ =103
/|

Vertical tune Qy
Minimum DA (o)

P

P w0 o

62.315 62.320
Horizontal tune Qx

With standard beam (¢, = 2.5 um).
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What about BCMS?

HL-LHC v1.5, no MS.10, BCMS, Ny=2.3X 10" ppb, Bipy,s = 1 m, ¢/2pp1/s = 250 prad

H2v.1ps = 170 prad, £, = 2.0 pm, Q' = 15, Iyio =460 A,C ~ = 1073
60.330 TE

60.325

~

[oN)
o
|51
]
S
[=)}
Minimum DA (o)

60.315

Vertical tune Qy

w

60.310

IS

60.305 ¥l 3
62305 62310 62315 62.320 62.325 62.330

Horizontal tune Qy
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Ap'P1=1P5 optimization

HL-LHC V1.5, n0 MS.10, BCMS, Ny=2.3 % 10" ppb, Bpys =1 m, ¢/2rpys =250 prad
$/2v.1p5 = 170 prad, e, = 2.0 pm, Q' = 15, Iyjo =460 A,C~ =103
0 g

60.33 9

60.325

~

[*)}
Minimum DA (o)

60.320

60.315

Vertical tune Qy

W

60.310

60.305 Pl
62.305 62310 62.315 62320 62.325 62.330

Horizontal tune Qx

3

Ay opt’ed
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Start of L-Levelling Summary

® Layout without MIS10 acceptable at the clear cost of reduced
margins.

* For high brightness beams (2.3 10! ppb and 2 um), the DA target
marginally met with phase optimization.




Beam-beam Studies

End of L-Levelling
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Conclusion




End of the L-levelling

Parameters (unit) HL-LHC (values)
Beam energy (TeV) 7
Luminosity (103* Hz/cm?) 5

Bunch population (protons) 1.3x10%
Normalized emittance (pum rad) 25
Nominal working point (Qx, Q) (62.31, 60.32)
Chromaticity Q;ﬁy 15

IP1/5 half crossing angle (urad) 250(H) / 250(V)
IP2/8 half crossing angle (urad) 170(V) / 170(V)

IP1/5 5, (m) 0.2
IP8/2 55, (m) 1.5/10
Landau octupoles’ current (A) 100
Half crab-cavity angle (urad) 190
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Effect of the missing MS10

HL-LHC vL.5, with MS.10, Ny=1.3x 10'! ppb, Bjp;;5 =20 cm, ¢p/2;pyjs =250 prad
$/2y 1pg =170 prad, e, =2.5 pm, Q' =15,Ipo =100 A,C~ = 10’3g

€
<
2
=

Vertical tune Qy

62.320
Horizontal tune Qx

With MS10, I,0=100 A.
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Effect of the missing MS10

HL-LHC v1.5, no MS.10, Ny=1.3 x 10"" ppb, Bjp;,s =20 cm, ¢/21p15 =250 prad
Tas =2.5, /2v 1ps = 170 prad, e, = 2.5 pm, Q' = 15,Iyio =100 A,C~ =103
0.330 9

/]

~

[=2)
Minimum DA ()

< 60.320 % =

Vertical tune

w

Horizontal tune Qx
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Impact of the octupoles

HL-LHC v1.5, no MS.10, Ny=1.3x 101! ppb, By, =20 cm, p/2ipy5 =250 pirad

Tats =2.5, &2y 1pg = 170 prad, e, = 2.5 pm, Q' = 15,1y =200 A,C~ = 10’39
.330

60.325

Vertical tune Qy
Minimum DA (o)

62.320
Horizontal tune Qx
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Impact of the octupoles

HL-LHC v1.5, no MS.10, Ny=1.3x 101! ppb, By, =20 cm, p/2ipy5 =250 pirad

Tats =2.5, &2y 1pg = 170 prad, e, = 2.5 pm, Q' = 15,Iyp =300 A,C~ = 10’39
.330

60.325

Vertical tune Qy
Minimum DA (o)

62.315 62.320
Horizontal tune Qx
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Impact of the octupoles

HL-LHC v1.5, no MS.10, N,=1.3x 10! ppb, ;5,5 =20 cm, ¢/2pp1 ;5 =250 prad
Tas =2.5, &2y 1pg = 170 prad, e, = 2.5 pm, Q' = 15,Iyo =400 A,C~ = 10’39
30

60.325

5 ©
o N
7 60320 =
2 g
= El
B
£ 60315 g
3 ;

60.310

62.315 62.320
Horizontal tune Qx
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Impact of the emittance growth

HL-LHC v1.5, No MS.10, Np=1.3 X 10'" ppb, ip5 =20 cm, $/2ipy/s =250 prad
G/2y.1ps =170 prad, Q'=15,Iyo =100 A,C~ =103 9

62.325

=)

62.320

pN|

Minimugl DA (o)

>
62315

wn

62.310

A~

W

62.305

eam and Noise Studies
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Flat optics and BB studies

HL-LHC v1.5, Flat optics, End of leveling
No=1x10"ppb, B} 1p, =7.5 cm, B; 1p, = 18 em, ¢/21p1(vyscin) = 250 prad
CCON, 6,=7.61 cm, $/2y.1ps =170 prad, ea =2.5 pm, Q' = 15, Iyio = 100 A,C~ =10~

Si 78
o 60.320{= <
g A
2

= 68
-2 60315 g
= g
2 5

IS

3

305 2
62.305 62.310 62.315 62.320 62.325
Horizontal tune Q.

Flat optics studies and BB are the next important step.




Run3: Wire compensation at the EolL

—— FILLB146 (w/ BBCW)
—— FILLB147 (w/o BBCW)

Beneficial effect of the wire compensation on losses normalized to
luminosity (— WP2/WP13 HL-LHC Satellite Meeting).



https://indico.cern.ch/event/1168738/

End of L-Levelling Summary

® The option without MS10 compatible with the DA targets.

¢ Working point to be optimized during the L-levelling.

® Tight requirements on tune control and off-momentum coupling
correction.




Update on Noise Studies




® All previous results consider a machine without noise.

* Dipolar noise is regularly observed in the beam spectra
(Runl/2/3) [2].

* There are no evidence of quadrupolar noise (tune modulation)

(3]



Dipolar noise observed B1/B2

Fill 7334, Stable beams Horizontal plane
Vertical plane
0.8
©
T
2
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8 0
f (kHz)

Noise separated in two 50 Hz harmonic clusters.




Dipolar noise observed B1/B2
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UTC time (hh:mm)

It is not an instrumental effect (e.g. 600 Hz).
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Dipolar noise observed B1/B2

—e— Q7

—— Q9

S 0 lAp=1137
g

£

& —150 -

Fill 7334, BIH

0 20 40
Train number

It is not an instrumental effect (e.g. 7800 Hz).
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Noise effect on the beam

0.330

o
©
¥}
£

0.318

Vertical tune Qy

0.312

0.300 0.306 0.312 15 3.0
Horizontal tune Qx x (o)

Simulation without noise.
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Noise effect on the beam

03307
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o
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z L
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| N
us| s
0312 q g/
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0.300 0.306 0.312 .
Horizontal tune Q x (6)

Adding the observed noise spectra.



Noise effect on the beam

Intensity (%)

100.00

99.97

99.94

99.91

99.88

A

Reference

Spectrum of B1
Spectrum of B2
Fit

30
Time (sec.)

60 90

Effect on the beam lifetime.



Can we detect the source of noise? Significant
effort devoted to answer this question [4].
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Contribution from 8 MB circuits

IFFTI (arb.units)

600 Hz, Injection
[ o
. B2H
o
. f
Pl do N
e w e
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1
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03:38 03:44 03:50

UTC time (hh:mm)

During Run 2, we show a clear effect of the MB
circuit on the beam (low-frequency).
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Contribution from UPS

100

3

.JI h‘ll

Voltage (V)

S
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f (kHz)

During LS2, the UPS voltage spectra was measured.
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Contribution from UPS
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This year we observed the UPS effect on Bl.




Contribution from UPS

Q10, 4 nominals
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This year we observed the UPS effect on Bl.




Conclusion




Conclusions

* At 450 GeV, incoherent effects at injection dominated by amplitude
detuning from octupoles: DA target achieved with positive
octupole current, together with a very good coupling control and
IP1/5 phase optimization.

* At top energy, layout without MS10 seems acceptable at the cost of
reduced margins: e.g. for 2.3 10! ppb and 2 um, the DA target
marginally met with phase optimization.

® The alternative scenarios are being assessed.
* Working point to be optimized during the L-levelling.

* The source of noise at 8 kHz is still outstanding, an MD
proposed to try to address it.

Thank you for your attention.
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