CERN

\
N4

www.cern.ch

Status of injectors and LHC machine

Councill
Fredérick Bordry
17 June 2016




Injector Schedule: April to June 2016

Beam to AD Start AD physics
Start NA setup Start NA proton Start physics East Area
ISOLDE, nTOF, EA setup physics P Beam available Start AWAKE
Start ISOLDE Start LEIR from LEIR commissioning
Apr |  nTOF physics May June
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo Yoy 1]\ 18| ¥ 25 2 g| Whit 1g 23 o ume s Vi 20 27
l2ah]l [
Tu T52 8 hrs
COLDEX —
Technicalstop Injector MD Injector MD MD [ MD Injector MO Injector MO Injector MD \ MD
we |—| 10hrs Bto 18 10 hrs 810 18 l::!n‘:w” w");'?‘:'w“ 10hrs Bro 18 | e 10 hrs 1o 18 10 hrs Bto 18 1m'wu [I
Th Ascension
Fr May Day comp *
Sa
Su 1% May

Linac 2 : Beam availability 96.4%
Booster (PSB) . Beam availability 94%

ISOLDE 35 Successful experiments already completed

PS: Beam availability ~ 80 %

Main issues causing down time related to Main Power Converter

SPS : Reduced intensity and duty cycle for the SPS North Area fixed target
beam due to SPS internal dump vacuum leak
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Beam status of Linac4

PIMS CCDTL DTL | | chopperline | | RFQ Beam

' commissioning
completed up to
80 MeV energy
(DTL + 4 CCDTL
tanks).

75% of the
remaining

& structures (80-
160 MeV) are
installed.

Simulated and measured o C o
beam emittances at 50 MeV //\ |
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HIE - ISOLDE Status

- Installation of the two HIE-ISOLDE cryo-modules completed
- Cooling of cryo-modules on-going
- Conditioning of superconducting structures started
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Diagnostics applications
suite developed

Main issues during the start-up, commissioning and first few months of operations:

* Minor delays cooling of cryomodules and starting up the RF systems

e Cycling hardware and software for the separators

 Some problems in the frontends (two vacuum leaks in targets, HV insulators
replacement, clamping mechanism, extraction electrode)

Status of injectors and LHC machine
Council

Frédérick Bordry
17 June 2016




AD: ELENA Status

ELENA installation in progress
5 of the 6 main dipoles installed
HW commissioning to start in July/August

Delays with some components; but should be ok for beam commissioning
to start later this year
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ELENA ring magnets installation in progress
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The peak power needed for the main magnets is
Power for PS (POPS) +40MW with a dynamic of IMW per ms

April 27t : Capacitor failure in energy storage container

Control room Electrical room Cooling tower Power transformers  Capacitor banks
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PS: “Old” Power System with rotating machine

May 20t : MPS High Power Switch burned

May 26'": Returning to POPS following

partial repair and validation. A sigh of relief !
Running without redundancy mode but with full
pulse capacity

I OENEEC @O E E

Status of injectors and LHC machine
Council

Frédérick Bordry

17 June 2016




PS: POPS recovery plan

New capacitors are under final qualification.

New containers are under design.

More protections will be added to limit the impact of
capacitor failure.

2 new fully equipped containers installed during next
EYETS.
Remaining containers replaced during YETS 2017-2018.

Qtr 2, 2016 Qtr 3, 2016 Qtr 4, 2016 Qtr1, 2017 Qtr 2, 2017 Qtr 3, 2017 Qtr 4, 2017
Mar | Apr  May Jun | Jul Aug Sep ©Oct MNov Dec | Jan  Feb Mar Apr May Jun | Jul | Aug Sep | Oct  MNov Dec

Study of the solution 8 TS (CERN)
: _ H
: Construction of the DSP1 container
Cornplete apglnq tests ) :
I
: FC for Capuuwr: IT 3990
: + 20/09
Purchase unl-r for DSP1 Clplcr!un
» 31/07 : i
Corlstruction of DSP1 nplclulrs
_ :
: Restart POPS in normal Mode
_ : f + 30/01
: Purthase order for mplarmment of all capaclbrs
i Q 30/09

: Con:h'ucllnn of DSP2- IJSPG capacitors + Ipln i
: : Upgrade of D:SPZ-DSPG containers+spare :
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SPS status: during LHC scrubbing (25/04)...

Sudden loss of vacuum conditions on the SPS internal beam dump (TIDVG)
after repetitive dumping of high intensity beams in the SPS
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UAO9 run and
Technical Stop
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Steerenberg

PS MPS fire and
partial repair and
validation of POPS —
Courtesy Rende
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dump vacuum leak and
POPS short circuit
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Area fixed target beam due to SPS internal dump

Reduced intensity and duty cycle for the SPS North
vacuum leak
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SPS: Fixed Target Beam Intensity

Severe reduction
due to Internal dump and PS POPS/MPS issues

Planned & Measured Integrated Intensity 2016 SPS extraction

for North Area Fixed Target Physics
(~1.05x10?? planned, based on 2016 injector schedule ver. 1.4) I n te g rate d p rOtO n .
Intensity at extraction,

1.00E+19 ,/
prd status Tue. 07 June:
Z BOOE+18 // . 18
: P - Planned: 1.78x10
= ]
o .
g oooese P - Achieved: 6.13x101/
3 ol
T 4.00E+18
& " & ;
E / lanned Integrated Intensity . .
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Scheduling: SPS dump exchange (ALARA committee)

‘ day:

Beam Stop |niervention starts Beam back

} } }

-7 6 5 4|-3|-2]-1]0]1|2]|3 4 15| 6

Stop SPS
Cooldown 1w before stop
Consolidation of trenches X

Disconnectionsin SPS X

depends on SPS use

Move dump 2 OUT from LSS1 to BA3 X
Move dump 3 IN from BA3 to LSS1 X

Survey

Reconnect vac, water, ctrl

Pumpdown -

Y ™ I‘:
Eventual extra-cooling period - % 4 .
Beyond 4 days not so effective = Tralnlng
_ with 1/1
Total calculated collective dose = 4.2 mSv mock-up

Maximum individual dose < 420 uSv
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Presentation Notes
This is what we are talking about now


SPS: LHC Operational Beam with72 bunches

- Limited to 1 batch from PS due to SPS beam dump

- 1.15e+11 p+ per bunch, emittances ~ 2.5 um

|+ Wirescanner Application Version:0.1.38 - SPS.USER.LHC25NS

Reference View Hardware

L=) PO +E”

01 SFTPROZ | UNDEFINED

" Control | C

| Bunch by Bunch |

scan

Extended details

Wirescanner device

SPS.EWS 41677 V_ROT

,’ SETTINGS

SPS.EWSALETZN_ROT an LHC2SNS

2016/ D6/ 13 195459405158

Super Cycle - er 2

equis it = 10000ms - 25.926eV/c

SPS.EWSALETZN_ROT on LHC2SNS
2016705/ 03 095459406158
Super Cycle number 2
Nequisition detay = 11000ims
Shama = 25 2mm

Mean = 11 Gmm

Tails = 00027

1 o emittance = 10893
Normalised 1 0 emittarce = 2167

- 25926eV/C

O_ In scan profiles 0297 6ot scan profiles
Gain 5.05.0000
Delay Gwrt start oycley 1000" 6 n T
Inout Delay e
Filter d
Acquisition e 0 _a1gle easurament 0.27 0,27
Device Infor. 60
Status OK 0.26 T
Ermor message
SCan count 4867
Mountain range offset 0.25 0.254
range curve E 0_+
0,24 0249
Multiple Scan Launcher
1 |'| 0.23 0.23
W LAUNCH MULTIPLE SCANS |
T T T T T T T T T T T T T T T T
-15 -10 -5 o 5 0 15 20 -15 -10 -5 o 5 p L) 15 20
STOP SCAM 3 Jindedual emittances (Individual emittances
24 2
14 14
j_-) AUTO Z0OM o " ' ' " ' ' — " o " — ; ; . ; ; ;
o 0.2 04 06 08 1 L2 14 16 18 o 0.2 04 06 08 1 L2 14 16 LE 2
055646 - BCTH data updated
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AWAKE commissioning

Proton Driven Plasma Wakefield Acceleration Experiment

€ spectrometer

> _ QBroton diagnosticg zger
SMI AcceleratlorDTR CTR, TCTR dump

BRE AKI\T(; e o e
NEWS

Thursday 16 June 2016:
First AWAKE beam down |- =

the proton line!

Second Lamp:

Matur Cnabile:

Haridware Beading:

Image of the last BTV screen | wwc
downstream the plasma cell.
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LHC Start-up 2016
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Performance over the last 24 Hrs Updated: 08:38:36
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Friday 25" March

First circulating beam

Saturday 26™ March

First ramp to 6.5 TeV

Sunday 27 March

Squeeze to 0.4 m and optics measurements

Thursday 315t March

Optics correction at 6.5 TeV (flat-top+squeeze)

Wednesday 6™ April

Nominal bunch to flat-top

Friday 8™ April

Nominal bunches into collisions

Tuesday 12" April

Quiet beams

Sunday 17t April

Aperture measurement (collision)

Thursday 215t April

72 bunch injection to 444 bunches/beam

Friday 22" April

First Stable Beams — 3 bunches/beam
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LHC April — May 2016

Mon 25t April  Start scrubbing
Tues 26" April  1668+1884 bunches

Weds 27t April Stable Beams 12 bunches.

Thu 28t April Beam back (PS on rotating
machine)

Fri 29t April Stable Beams 49 bunches

Thu 5" May Beam back
Fri 201" May Stable Beams 1177 bunches

Sat 215t May Fill 4947 lost after 35.5 hours
Thu 26" May = POPS back in action

Lost around 2 weeks to technical faults

T T W s | ook AT | Wi | O | Sort rop Fseims | v L e

Vacuum leak on SPS
dump

POPS — capacitor bank

Weasel
Transformer Pt8

Limitation number of injected bunches to avoid stressing SPS beam dump
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P8 Transformer 66 kV/18 kV
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Tests divers

Eviter les dégats de fouines

Contre les fouines avides de ronger,

toute une panoplie de méthodes, plus ou

Vi moins efficaces, sont mises en oceuvre.

HlGH vor'AGEl _/"' Aucun moyen ne garantit une protec-

L tion totale. Méanmoins, diverses recom-

: /-" mandations vous montrent comment

\ g éloigner les fouines par des procédés
simples.

Les assurances sont mi contribution

e
S

!
8

CERN Council 18
Frédérick Bordry
17 June 2016
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Un iguane responsable d'un black out de
4h00 sur toute la Guyane

- —__ F__ _ _B__ A__j_ ™ _ _ ___

Plus d seaule Rac e .l B .

4h00 3
sinnai 1 e raccoon did not surv_.- . used by
() -

A “Squirrel “market? The Nasdaq’
shutdowns ey

AUGUST 22, 2013 BY NICKWADDELL 0 COMMENTS

Share this: o Tweet

MAR 24 MAI

On August 2nd, 1994 a squirrel chewed
into a power line in Trumbull, %

On August 2nd, 1994 a squirrel chewed into a power line in Connecticut, where the Nasdaqg's

Trumbull, Connecticut, where the Nasdaq’s computer center is  .ompter center is located, shutting 3 transformer at Gitaru power station. Little did he know that millions of

located, shutting down trading for 34 minutes. It was the second . )
time it had happened. down trading for 34 minutes. iriosity.




LHC April —June 2016

Scrubbing
Apr May June
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo 4 1 18| ¥ 25 2 o| Whit 44 23 30 6 13 20 27
Tu J
Injector TS el TSl
We (8 hours) —
h POPS Ascension beta® 2.5 km
T dev.
Fr WEASEL May Day comp MD 1
Recommissioning
Sa with beam
Su | | 15t May PS

= Scrubbing shortened —
SPS dump

= POPS, WEASEL,
ROTATING MACHINE
plus recovery

* Intensity ramp-up
seriously impacted

o =Ewm AW sx
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LHC April — June 2016: new schedule

Scrubhing
Apr May June

Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo 4 1 18| ¥ 25 2 g/ Whit g 23 30 6 13 20 27
Tu Vdm

njector | TSl |
We ey s
Th Ascension beta* 2.5 km

dev.
Fr May Day comp VdM
Recommissioning

Sa with beam
Su | ‘ 1st May

 MD1 period postponed (5 days)
 TS1 shortened to 2.5 days — considerable amount done during
extended stops for technical issues
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After PS recovery and MD1 move a superb week

« Ramped up number of bunches to 2040 per beam
- Maximum with 72 bunches per injection
- Bunch population 1.1x101!

« Peak luminosity ~8 x1033 cm?s-1

« Excellent availability

Timeseries Chart between 201605-31 00:00:00.000 and 2016-06 06 D6:50:14.976 (LOCAL_TIME)

(0306 00:00
LOCAL_TIME
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The golden week : Mon 30th May — Sun 5th June

Access - No beam: 5.03%

 Record luminosity in fill: 380 pb-t
e Record luminosity per day: 390 pb-!
e Record luminosity per week: 1.98 fb-!

= C R L R I R LR IR
8 500 ATLAS Online Luminosity ~ /s=13Tev ]
o " [ LHC Delivered I
2 B ]
> 4000 [ ] ATLAS Recorded =
2 - ]
§= B 7
E 300 -
. L _
_0 [ —
[} - _
@ 200~ x
Stable Beams 62% g i
= 100[ -
Machine setup: 5.02% L
0“._u|__,_....|.. IR B B PR A~ O BN B
20/04 27/04 04/05 11/05 18/05 25/05 01/06 08/06

Day in 2016

® Stable beam @ Machine setup @ Beamin @ Ramp + squeeze 7 Access - No beam
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Electron cloud

« Sitill high electron cloud and high heat loads
« Within cryogenics limits and no more scrubbing (below the threshold)
 Beam parameters adjusted, stable operation
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UFOs - Run 2 so far

2015 2016

L3'40
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O é
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3 10t . 1 H "METE |
mn H il "\ il
'I*l
. | H [l H i || m||||”| ‘ sl le‘H |

fill number (# bunches} -

Arc UFOs : rates similar to end of 2015
- did not lose conditioning over the YETS stop
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A good news: CMS Magnet at 3.8 T

B Magnet current (A)

"\\_ Magnet at 3.8 T; since 30/04/2016:
EE stable conditions for field and liquid helium level in the intermediate cryostat

E _ Liquid helium level in intermediate cryostat (%)

B LHC 66 kV incident

Liquid helium level in intermediate cryostat (%)

B g Magnet safely at 2 T
= T
o T
S 8-g-:
(] -
3] T T
c ST
(o) gmh~
< R
= 5

I R R O R O N O R R R R O R O R N O N N R N N R R O N R R R RN R R R R O O
M 2016 12:00:00 Ahk SiES2016 12:00:00 Ahkd SM1201E 12:00:00 A SMES2016 12:00:00 Ak SF21 72016 12:00:00 Ahk SF2672016 12:00:00 Ak 3172016 12:00:00 &bk BISf2016 12:00:00 Ahkd
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Technical Stop Overview

- Original schedule - 5 days
- Following the unexpected stops of LHC & Injectors:
- The activities have been anticipated during the available time

- The duration of TS1 for LHC was reduced to 2.5 days, to solve only critical items
- The duration of TS2 for Injectors was reduced from 36h to 8h

LHC TS1 - 54h beam to beam

Ghon
Fhoo
LOhOo
16h00

LOhOo

CV intervention @SPS BAG

P18 CRYO recove
Cryo @P18 OFF ¥

RP Patrols
BEAM ON

BEAM OFF

Patrols

Other activities related to maintenance & upgrade:
- Novacuum opening
- Mo electrical lockout
- Mo impact on beam operation
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Activity on the critical path SPS Primary water leak

8th of May level 3 alarm: flooding in building 863

Sumps was installed to re-inject water in the basin of the cooling towers
9th of May the leak was reduced with a temporary repair

Water circuit impacting the LHC cryo cooling circuit in P18 — Sector 12
Leak permanently repaired during the LHC-TS1

Cryo recovery time in LHC ~ 40h
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LHC April — June 2016: new schedule

Scrubhing
Apr May June
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo 4 1 18| ¥ 25 2 9 Whit 16 23 30 6 13 20 27
Tu VdM
njector TSl
We "t hours) ==
Th Ascension b 22l
dev.
Fr May Day comp VdM *
Recommissioning
Sa with beam
Su | ‘ 1st May

 MDL1 period postponed (5 days)
TS1 shortened to 2.5 days — considerable amount done during extended stops for technical issues

Physics 600 bunches Sat. (9h) and 2040 bunches back Sat. around midnight

FILL HUMRBER: 5024 STABLE BEAMS SINCE 08h 05m Beam| Intensity | Stored E |Particle| Bunches Beam Energy

PROTON PHYSICS i 1.53E+14/190 Proton| 2040 | o ey T/ 1%9%?3;5
] ’ i1 607 1712 72bpi_30inj 2 [1.88E+14|196 Proton| 2040 ' e
0.20 -

0 bunches longitudinal blow up test finished, mini scan in CM3
15|
0.20 : : . 8

010! JEnergy _
0.05 B
i T~ ‘
o5 | | ]

0.00
5 =0.05 |
:g:?g I 15108 1605 7B 17I06

—=0.10 +
=0.15 | §  N-BPM from 2.5km_arterglnhalr_or| = TLAG CHS — LHCh [ph-1] ALICE [hb-1]
-0.20 % : . =

0 5000 10000 15000 20000 25000
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LHCB2 2.5km @ 6.5 TeV
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Peak and Integrated luminosity overview

LHC 2016 RUN (6.5 TeV/beam)
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LHC 2010-2016

Integrated Luminosity [fb]
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Integrated luminosity: achieved % projected (chamonix Jan. 2016)

2016 Integrated Luminosity Projection (40 cm B* - 2100 bunches)
—+Projection ==Actual

25

2 > 5 fb1 at 10h10 this morning

15

Hat's off to QPS, power
converters, R2E,
Cryogenics,
Infrastructures, etc ...
all equipment teams ...
and operation crew

10

Integrated luminosity [fb]

Impossible
without a terrific
team spirit
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scrubbing
LHC schedule B
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Su | | vy
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MD 4 n 18| 25 1 B 15| Frd A 5 13 5 14 E: |
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Thanks for your attention
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