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o A

EN Introduction &

Performance of the machine is affected by
Maximum peak losses during the cycle and Lifetime drops
S Number of dumps due to losses
Continuos losses during the cycle

S Reduction of the beam intensity

Analysis of these quantities for relevant periods in Run | and Run Ii

B Beta Bunch Bunch Intensit Total Number P::afolchrriatlo;
nergy Star Spacing unch Intensity Bunches imary Cut @ Top
Energy
2011 3.5 TeV [.5m 50 ns 1.40E+11 1374 5.7c
2012 4 TeV 0.6 m 50 ns 1.50E+11 1374 4.30
2013 4 TeV 0.6 m 50 ns 1.50E+11 1374 430
2015 6.5 TeV 0.8 m 25 ns 1.20E+11 2244 5.50
2016 6.5 TeV 0.4 m 25 ns 1.10E+11 2220 5.5¢0
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LHC Collimation

Beam Lifetime using BLMs - Run1 (>

Primary losses occur at the collimators.
BLMs downstream each collimator have a direct measurement of the beam losses

BLMs had a wide range of integration times (we used 1.3sec) and are usually more
sensitive to losses than the BCT

In 2012

We calculated a calibration of the BLMs downstream primary collimators in IP7.
Previously done with beam scraping studies. This time by fitting the BLM signal to the
Beam Current Measurement derivative over all the fills in 2012.

—_ . |
Zeo0E— | ! ] I 3 .. B1 =
:‘-;’o — o Basia 3 4 * (381 9)x10" [charges/Gy] =1 g - = fast BCT j
P = e e e e R e *—; 3 :
gIE" * } } = 10 = =
=200 = — 3 E
= = — — —
<100 - calibration for BLM skew IP7— . ADJUST e
— = | | | | = = | L ) oy 5
2 0 20011 ADJUST 2011 STABLE 2012. RAMP  2012.SOUEEZE  2012- ADJUST  2012- STABLE 13:48 13:49 13:50 13:51 13:52 13:53

time [2012-04-06]

Belen et al. “Lifetime Analysis at High Intensity Colliders Applied to the LHC”, IPAC2013

Previous studies by F. Burkart, PhD 2012 CERN-THESIS-2012-046 Beam Loss and Beam
Shape at the LHC collimators.
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LHC Collimation

Update of BLM calibration - Runll (>

Run Il (2015-2016)
Previous method did not include primary losses in IP3

BLMs could provide information about the main plane of losses
A.Marsili PhD 2012

BLM decomposition M.Wyszynski, Summer Student 2015 and Technical Student 2016
Define loss scenarios: longitudinal, horizontal and vertical — Validation Loss Maps
Calibration is not applied to 1 BLM but to a set of BLMs — Matrix

The result is the number of protons lost per second due to each loss scenario
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LHC Collimation

& Losses during the cycle o)

A

RAMP
Un captured beam at the start of the ramp is lost in IR3 collimation
S Energy ~ 450GeV no worrisome for quench but part of the intensity is lost
Smooth scraping of beam tails during the ramp in IR7 collimation

S Slow losses could be safely absorbed by the collimators
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©) Losses during the cycle O

S A

SQUEEZE - Top Energy

Fast loss spikes that occur usually at well defined times during squeeze

ADJUST - Top Energy

Fast loss spike when the separation is collapsed
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LHC Collimation

©) Lifetime in Run | - 2011 O

S A

2011 - Minimum Beam Lifetime when beams are set into collisions

Clear correlation of machine parameters (tune, beta, etc.) with lifetime
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LHC Collimation

©) Lifetime in Run | - 2012

S A
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LHC Collimation

Lifetime in Run | - 2012 O
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Q) Time of lifetime drops )
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Beam Transmission - Run | (2012)
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Maximum Peak Loss - Run |
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LHC Collimation

2015 — stored beam energy QL\:
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LHC Collimation

Lifetime in Run Il - 2015 \\j
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Aaximum Beam Power Loss (kW)

Maximum Beam Power Loss (kW)
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Beam Transmission - Run II (2015)
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LHC Collimation

2016 — stored beam energy O
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LHC Collimation

Lifetime in Run 1l (2016) O
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LHC Collimation

Lifetime in Run 1l (2016) O
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Maximum Peak Loss - Run Il (2016)

2016-SQUEEZE | -

- 10° E T | 17 = T I ] [ — T T 1 2016-SQUEEZE

E :: ' — ‘2 [(IT I T T T TT ] LI UL L] T ] T T T T :
= = — & soff ]

g .+ Beam| . 3 s BLM :
- 10 = e R ~z O ? = £ 40 [T Beam 1 .

qt; : Beam 2 L * e . z ‘5 3 = 7. | Beam 3

- [ . A ... a e ki -"c. : L: . 3

g . . =3 o. .\:. .. . :. - Cat '. o0 O 0 30 MB1. ) Beam 2 3
c.. IO E_ = .o, ' ;z_-. o O¥E ‘, '::sr‘ B g & ‘.. ._‘:H:_ — : Mean _— 17.6 kW :

= | .t ol B LU ZKIE 7 8 ik = || RMS=228kW

8 | T % 5 - — 20 82 Zy
M e . ) ! Mean=17.1 kW :

= = - lob- 11 RMS = 16.1 kW _

= - — 8 i

& — — - -

5 | 1 L'»-ﬂ‘r-’?il‘fi-r e v oad oo larad i |y il
S bl L 71 I S T N O W I B 1 20 40 60 80 100 120 140 160 180 200

4900 5000 >100 5200 5300 5400 Maximum Beam Power Loss (kW)
LHC fill number
2016-ADJUST 2016-ADJUST

- 10° = RS LR R L . — T F ] i Rl RERT REL) RAZN R22S RALA RRE R LR A
= = 3 § YL |
= ‘ @ 355 BLM g
Z : *« Beam | s .4 00 2 .
2 ok Ve o« B w o et = £ v Joemt
. —o Beam2 % _ T, e 2 B8 = 25 Beam 2 ==
z B o0 Sa 2 2% jo_ &, ' o : B1: =
S R R G L L g 20 Ht :
7 10 = § B :‘:: P s3f8 %0 . T Bt — . Mean = 17.3 kW =
% = o 88 o » : S . — ISER RMS =21.8 kW =
0 ._ 0 e “. " . - —_ - B2:
oM . Ta 10 = =
= | “ ¥ = Mean = 19.5 kW -
= = = se=Lh RMS = 17.4kW
.g () .l lArtr_Ii-]lLlI;l 'IIIJ LIS Nl I I I | | | T_‘
?‘é I l l l l I 20 40 60 80 100 120 140 160 180 200
: o A B I NN N N T N T N b B TR I :
2 10 4900 5000 5100 5200 5300 5400 Maximum Beam Power Loss (k\V)

LHC fill number
. varvachua, Review Hollow E-lens 06-10-2016, p.24

(



2016-SQUEEZE

—_ 100 r W e, E’ W — T
o - b 1 ~.o L i I .-t.,
< R R : =
8 99.5 |
= - —]
R - i *
= 99
N — a —
: 3 L]
z = =
— 98.5 |
E—E:, E— ® Beam | m—t
D |
~ 98 — o
+ Beam 2
913 = —
97 11 Lo g o Sl oy pe oy e ] gom gy | - Lo 11
2016-ADJUST
—_ 100 1 T 1 I : T | 1 L.
= <] | | o _
é E_ c a a - 0 P -:::_:.. &op .’ 3.". =
.5 995 a : . o “’ o ;-. . ’ .'::f .:: C.. "‘ :;‘..t.: :l
:2 — . . o Qo @ " . ::‘:..0 e o il d T —
: o.‘. - - ..., s 2 z 2 :
% 99 = . 6 Ak 1 . : =1
= — . " : : =
— 98.5 ! 2 !
E—E:, E— ® Beam | = o —
D » ° a
~ 98 — % —
t Beam 2 &
913 = —
g7 1 [ 1 ) L e P I N T O B T
4900 S000 5100 5200 5300 5400

LHC fill number

Nb. Events

Nb. Events

N
o

II'H'II'I'II'H'[I

W
—_

2 ‘o o
wm o W

l ‘

)
<

Beam Transmission in Run 1l (2016)

2016-SQUEEZE

IYIY'III'III"'Y"I'

[11

BCT
LI Beam |

ll[[ | [ll

Mean = 99.8 % | Beam 2 =

RMS =0.2 % =

Mean = 99.9 % =

RMS = 0.1 % =

| - I T _— [ - | N_ﬂi l_;
92 94 96 8 100

2016-ADJUST

I l | RS ! I | S P | 'Y '~ ‘7_

BCT =

H Beam | _* —:

: [ Beam 2| | f

Mean = 99.0 % =

RMS =1.0 % =

Mean = 99.4 % =

RMS = 0.8 % | =

| o I | o | = l s W L]JJL._IJ =
92 94 96 O% 100

Beam Transmission (%)

B. Salvachua, Review Hollow E-lens 06-10-2016, p.25 .



LHC Collimation

Table of contents o)

e Introduction

e Lifetime analysis
® Measurements Run |
® Measurements Run Il

e Conclusions

HiLum
Lol B. Salvachua, Review Hollow E-lens 06-10-2016, p.



LHC Collimation

©) Trying to scale to HL-LHC &

L A

HL-LHC
Beam Intensity: 2 x Nominal LHC

Energy: 7 TeV
Scaling from 2012

Beam Intensity: 0.5 x Nominal LHC
Energy: 4 TeV
Over simplified scaling factor of maximum losses of 7

Assuming the same lifetime (as this will not scale with intensity)

How many fills did we have with 500 kW HL-LHC equivalent in 20127?

This corresponds to 70kW in 2012 --> 45 out of 282 fills in ADJUST (15% of fills)
How many fills did we have with 200 kW HL-LHC equivalent in 2012?

This corresponds to 35kW in 2012 --> 157 out of 282 fills in ADJUST (55 % of fills)

B. Salvachua, Review Hollow E-lens 06-10-2016, p.27



@) Trying to scale to HL-LHC Y

A

HL-LHC
Beam Intensity: 2 x Nominal LHC

Energy: 7 TeV
Scaling from 2016

| Beam Intensity: 0.8 x Nominal LHC (due to reduction of number of bunches)
Energy: 6 TeV
Over simplified scaling factor of maximum losses of 3

Assuming the same lifetime (as this will not scale with intensity)

How many fills did we have with 500 kW HL-LHC equivalent in 2016?

This corresponds to 166kW in 2016 --> 1 out of 135 fills in ADJUST (<1% of fills)
How many fills did we have with 200 kW HL-LHC equivalent in 2016?

This corresponds to 66kW in 2016 --> 22 out of 135 fills in ADJUST (15 % of fills)

B. Salvachua, Review Hollow E-lens 06-10-2016, p.28
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Summary of Average Losses N

Beam Transmission

SQUEEZE ADJUST
(%)
MEAN / RMS B1 B2 B1 B2
2012 99.4/0.6 98.2/0.9 98.5/1.2 98.3/1.1
HL-LHC
2015 99.8/0.2 99.7/0.3 99.0/0.4 99.1/0.4
Scaling the
2016 99.8/0.2 99.9/0.1 99.0/1.0 99.4/0.8 average
Maximum Peak Loss peak loss
SQUEEZE ADJUST
(kW)
MEAN / RMS B1 B2 B1 B2
2012 20.5/18.2 40/18.7 35/35.4 44.8 / 29.6 300 kW
2015 23.4/37.3 17.3/20.5 23.6/31.3 25.3/30.3 74 KW
2016 17.6/22.8 17.1 /16.1 17.3/21.8 19.5/17.4 58 kW

B. Salvachua, Review Hollow E-lens 06-10-2016, p.29




Conclusions

o Clearly, lifetime is very good in Run |l

M Can we conclude that there will be no issue for HL-LHC?

Many lifetime drops and peak losses depend on machine optimization and
some of them can be solved but clearly if we have more margin to control the
losses the performance of the machine benefits directly.

M Scale losses to HL-LHC

Not obvious how to scale the losses. In Run Il we had much better lifetimes
than in 2012 but this could depend on many factors: orbit stability, collimator
settings, e-cloud, optics corrections, etc.

B. Salvachua, Review Hollow E-lens 06-10-2016, p.



