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LHC Configuration 2017
Which 2017 buzz words are related to MDs?

m 16L2

Found our way out very quickly due to 8b4e
scheme, developed for ecloud suppression durings
MDs. Continued ‘research’ in last MD

m Beta*

Beta* reach / apertures / collimation hierarchy
m Combined Ramp & Squeeze

Yes & faster ramp
m Crossing angle levelling

Direct result of MDs, in 2016 first reduction of
fixed’ crossing angle following BB measurements |

m BC(M)S — emittance preservation

m ATS optics

m UFOs

Almost every machine parameter not

taken for granted has been developed
and studied in MDs
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Statistics

The MD is the place to be

m Individual MDs analysed in 2015, 2016, 2017

m  Split in the different categories

Beam Instrumentation, Collimation, Operation, Optics, ATS, Instabilities,
RF, Machine Protection, Beam Transfer

m Checked each MD on’ "and ‘Operation’
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Statistics

# MDs Analysed per year MDs Development vs Operation
70 60
60 Total about 200 MDs ! -
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2015 2016 2017 2015 2016 2017
2015 2016 2017

m All MDs from 2015 and 2016 checked on*

Development vs. Operation
1 End of Fill MDs not counted

1 New developments for operations but not maintained (DOROS for coupling) or
not yet used (injection of trains of 4 x 80 b) have been ticked as “Development”

1 For the same reasons, very little ‘Operation’ in 2017

* Sorting on personal opinion, no profound scientific selection
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Beam Instrumentation

m 2015: MDs often directly . Beam Instrumentation
applied: calibration of systems
like BSRT Si Operation
Should calibrations be part of .
MD time ? 2
m Some development, ‘real’ MD 1‘?
DOROS BPMs, Schottky, 05
Coronag raph ° Bl 2015 Bl 2016 Bl 2017

2016 and 2017 no ‘Operation’
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Collimation

m Directly used, items related to beta* Collimation

reach

1 Aperture measurements at smaller  *°
14

beta* .
1 Collimation with tighter TCTs 10
1 Automatic alignment 8 _
71 Loss maps optimisation j Operation
m  Off-momentum )
m Studies for HL-LHC: A lot of new 0
Coll 2015 Coll 2016 Coll 2017

hardware tested
1 Wire collimator
1 Low impedance collimator
1 Active halo control
1 Crystal collimation

m  Significant studies on halo scraping and
beam excitation

Collimator jaw (active
part in MoGR)

Mo

MoGr

B +|0mm
0 mm ]
TiN

<10 mm
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Operations

m Focused on Operations ;-)

Combined ramp and Squeeze
—> already in operation 2016

Anti-levelling with crossing
angle - 2017

Beta* levelling possibly in
2018

Faster ramp
m Not (yet) in Operation
Orbit feedback MCBX

Cross calibration emittances

Beam-Beam impact on
coupling
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Optics

m Large carry-over to Operation
for 2015 and 2016 MDs:

2017 uses for the first time IR
non-linear corrections, based on
MD developments

Automatic coupling correction
exists operationally, based on MD
developments.

Ballistic optics used for BPM
calibration

m Support to many other MDs
ATS, faster ramp, ...

m More fundamental research
Dynamic aperture

Half integer tune
DOROS BPMs for coupling
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Optics - ATS

Optics ATS
6
m ATS is one of the basic 5 |
ingredients of HL-LHC . Operation
m However, as part of the 3
development used ‘weak’ ATS .
for 2017 operation .
All 2016 ATS MDs ‘Operation’ .
= 2017 developments ATS 2015 ATS 2016 ATS 2017
Stronger ATS with large beta’s in the
arcs
9000 -
Tested with trains: all OK 8000 —— model A measurement
First go at Flat ATS 7000

6000

" 5000
+ 4000
MD2148 ATS Flat optics (no lumi needed 3000 '

60/15 cm atIP1 and 15/60 cm at IPS 2000
Optics measurements & correction 1000
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Instabilities Instabilities
m  Applied

Long Range Beam-Beam resulting
In minimum crossing angle

Pushed BCMS & BMS after first

O B N W » 00 O N 00 ©

MDs > net gain despite blow-up Operation
eCloud studies
" SCbebing for Operations Instabilities Instabilities Instabilities
= 8bde saving 16L2 2015 2016 2017
m More Academic
Beam Transfer Functions
Q"
Instability threshold single bunches 8b4e coming from the SPS
and trains into the LHC (2015):
m Tables to operations ?
Impedance localisation with AC ..  Standard 25ns 8b+4e
dipole oy | ggas
E-cloud monitors %Tf_fl‘/,/l | %fc
MBA Stst 31" | gav
mew . Ramp ﬂ'c‘l.,,.a.ﬂ * " Ramp
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Radio Frequency

m Applied in operation:
Full detuning 5

Bunch flattening: was ready to be used when
requested by LHCDb

Longitudinal blow-up developed in MDs: 1.2 ns
as target bunch length, to reach 1.1 ns at flat
top after adiabatic shrinkage Operation
m Future development, understanding and
conception of new solutions 0
Single bunch instabilities: limit HL-LHC
Longitudinally coupled instabilities: HL-LHC

Injection oscillations — to be understood -
improve beam lifetime at injection for the future

N

w

N

RF 2015

RF

RF 2016

RF 2017

m  Transverse damper ADT

— 19:09 N, = 1.9el1

W
1
L
] ‘nlll
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19:26 N, = 1.81ell

B

Extremely important system for the operation z
of the machine E N
Extremely useful as support for many other 5
MDs Py
Very little MD time requested (one via MPE....) <]
=
0

~1.0
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Machine Protection

m Scraping in case of non-working beam
dump - should become ‘operational’

m Diamonds & UFOs

1 For abort gap monitoring in case of
asynchronous dump - Operation

T Understanding of injection losses (see  *°

also ABT next slide) - Operation 2

1 UFOs 15

m  Quench heaters and orbit 1
0.5

Wire scan in the VERTICAL plane

Bunches blown-up horizontally: no effect in vertical plane

Hv =

I

Machine Protection

*Effect of quench

heater firing on orbit,
outside MD period

MPE 2015

24

20 ==

Operation
MPE 2016

r
e~ —

16 o 3.9
5 L2 — 4 16.5
£ 8 £ B 25.2
3 4 = £ E = £ E = = 33.9
5 0 :E ELEEZLE = = ELJ'%
5 ) — — ] "
F -4 Ek Ef\,_(\\"*v- j&EEEME%EMEM' 38.6

= =i~ = — SN
-81 N N 26.0
—
-12 15.0
16 = 2.4
-20 -0.0
Bucket # 1 / as01 8941 12001 15001 17851 \| 21001 24501 28001 31171

0 26 53 2% 53 0 26 55 0 2 53 0 26 53 0 26 53
Time (ns)

'\ % 53 0 2 53 0 26 53 0 26 53

Bunches blown-up vertically: first to create losses in the vertical plane!
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MPE 2017

Diamond BLM measurements at
TCP after flying the wire



A BT Beam Transfer

2.5

m Effect on operations

2
Diamonds and injection losses
which allowed to understand the *° 5 _
losses from the injectors 1 peration
Injection and emittance -
preservation
MKI pulse length and ripple " et oois ABT 2016 ABT 2017
m Development and understanding MD 905
. Beam 1, mitigation of injection losses
TCDQ — TCT retraction injection of 144 b
Q4 quench tests 10 T C T
Injection of 80b trains - future 0.8 1- flo20, e tune Micker on | | .
operations ez st f e | |
MKD waveform = A AN
‘T—d’ yint 1 int 2 X ﬂ" int 4 |
Bunched asynchronous dump 5 04f Lo : "|'| o
wn [ [ 1 1
0ol | :;:int?, : ll o
- ! ol ia :
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From 2017 to 2018 ?

m Many of 2017 MDs are in preparation of HL-LHC
Wire, low-impedance & crystal collimator, halo - tail scraping
ATS
Instability threshold, non-linear studies
RF instabilities and blow-up

m Some are general, long term understanding

UFO dynamics, diamond BLMs

BTF, emittance exchange, half integer tune

Emittance preservation, beam instrumentation (Schottky etc.)
m Few could be applied for 2018 - 12/58 MDs = 21 %

Beta* levelling, PPLP

AC dipole aperture measurements

Beam-beam impact on coupling

Beam scraping in case of non-working beam dump
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Totals per year
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m Percentage of MDs

classified as ‘Operations’:
1 2015: 44 %
71 2016: 42 %
71 2017: 5% > 21 % 2018

MD -> Operation, Jan Uythoven



Conclusions

In 2015 and 2016 about 40 % of the MDs found a direct application
In subsequent years of operation

In 2017 already 5 % found a direct application in 2017 and 21 % likely
to have an application in 2018

The lower 2017 number is explained by the large investment for HL-LHC
related MDs for which fundamental questions need to be answered and
hardware tested. However, LHC also profits from HL-LHC developments.

Some MDs are there to increase global understanding: Machine
Development - Machine Research

Long Term Investment
Few operational parameters or not related to MDs !

A very important MD spin-off is to keep the specialist involved with the
machine so they are ‘warm’ when needed

16L2 — 8b4e example

Machine Development is a very good short term
and long term investment !
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