LHC Machine Status & Plans

Frank Zimmermann

CCATLAS ATEAS week 201une“2011 =
/4 EXPERIMENT

Many thanks to

Ralph Assmann, Hannes Bartosik, Oliver Bnﬂning,
- Massimiliano Ferro-Luzzi, Klaus Hanke, Hamberto
I\/Iaury, Yannis Papaphilippou, Benoit Salvant,
Rende Steerenberg




contents

* status of CERN machines for LHC

* recent LHC and injector MD results
* LHC plans for next months

* LHC plans for next years

* shutdowns

* HL-LHC & LIU projects

* beyond HL-LHC



Peak luminosity (10** cm™s™!)
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Past Peak Performances

Peak Performances
Fill Date Bunch | Number Peak |Total Number of
Number Spacing| of Luminosity | protons per
Bunches| (10*cm™s | beam (10
1635 18 March 2011 75 32 0.030 0.038
1637 19 March 2011 75 64 0.064 0.074
1644 22 March 2011 75 136 0.167 0.164
1645 22 March 2011 75 200 0.252 0.243
1712 15 April 2011 50 228 0.237 0.285
1716 16 April 2011 50 336 0.353 0.423
1739 26 April 2011 50 480 0.514 0.579
1749 30 April 2011 50 624 0.716 0.756
1755 02 May 2011 50 768 0.826 0.925
1809 27 May 2011 50 912 1.099 1.150
1815 29 May 2011 50 1092 1.268 1.330

Steve Myers, 14 June 2011




back to back fills with 1092 bunches

30-May-2011 07:41:43 Fill #: 1816 Energy: 3500 GeV [(B1): 1.24e+14 [(B2): 1.25e+14
ATLAS ALICE CMS LHCb

E}(perirnent Status PHYSICS PHYSICS NOT_READY PHYSICS

Instantaneous Lumi 2986.325

BRAN Luminosity { LumInOSIty 1 2 1 3 X1033cm_28 1 83.206

Fill Luminosity (nb)" 5766.5
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recent LHC week

TIMBER v4.1.6

MDEB (PRO->DEV) |~ | Time Zane: [UTC_TIME Correction |BEST NOW [~][=]

ariable Lists = Snapshots # Settings

Cursor Coordinates

Timeseries Chart between 2011-06-06 05:50:07.815 and 2011-06-14 06:30:07.B15 (UTC_TIME}
ALICELUMI_TOT_INST [B] ATLAS:LUMI_TOT_INST CMS:LUMI_TOT_INST [E] LHCB:LUMI_TOT_INST

WO_Unit
1,500

06-Jun-2011 07-Jun-2011 0&-Jun-2011 09-Jun-2011 10-Jun-2011 11-Jun-2011 12-Jun-2011 13-Jun-2011
UTC_TIME

Data Set: [sEjzE{w] 08-jun-2011 04:31:53.408 B 913 2207682307632

Data Set: ISR 06—Jun—2011 1632 12 575 1 13
9




recent LHC 10-fill statistics

LHC Efficiency: Last 10 fills

Statistics for fills 1858 to 1868
Total Time Duration [hh:mm:ss]: 151:08:21
Time in Stable Beams [hh:mm:ss]: 68:47:59

16.5 %




Best Fill as of Junel4
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Delivered integrated luminosity (fb™!)

integrated luminosity

L5 LHC 2011 RUN (3.5 TeV/beam)

—o— ATLAS 1.073 fb™!
—A— CMS 1.018 fb™! _
l'ﬂ_—a— LHCb 0.355 fb~! ' ]

—0— ALICE 1.676 pb~'
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Peak Stable Luminosity
Max. Luminosity / fill
Max. Luminosity / day

Max. Luminosity / 7 days

Max. Colliding Bunches

Max. Peak Events / Bunch
Crossing

Max. Average Events / Bunch
Crossing

Longest Stable Beams / fill
Longest Stable Beams / day

Longest Stable Beams / 7 days

Fastest Turnaround to Stable
Beams

Records

1.26x1033
46.93 pb!
56.33 pb'L

239.42 pbt
1042

14.01

8.93

17.9 hours
19.7 hours (82.1%)

93.0 hours (55.4%)

2.4 hours

Fill 1815 11/05/29, 06:41
Fill 1868 11/06/13, 20:00
Sunday 12 June, 2011

Wednesday 08 June, 2011 -
Tuesday 14 June, 2011

Fill 1815 11/05/29, 06:41
Fill 1732 11/04/23, 05:47
Fill 1644 11/03/22, 02:20
Fill 1732 11/04/23, 10:25

Sunday 27 March, 2011

Thursday 21 April, 2011 -
Wednesday 27 April, 2011

Fill 1718 11/04/16, 22:56


https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1815
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1868
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/day.py?day=12-06-2011
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/day.py?day=08-06-2011
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/day.py?day=14-06-2011
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1815
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1732
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1644
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1732
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/day.py?day=27-03-2011
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/day.py?day=21-04-2011
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/day.py?day=27-04-2011
https://atlas.web.cern.ch/Atlas/GROUPS/DATAPREPARATION/DataSummary/2011/fill.py?fill=1718

It is not always easy! A day in June
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LHC actual versus design parameters

S g lpresent commem

Beam energy

transv. norm.
emittance

beta*
IP beam size
bunch intensity

luminosity / bunch

# bunches

bunch spacing
beam current
rms bunch length
crossing angle
“Piwinski angle”

luminosity

7 TeV
3.75 um

0.55m
16.7 um
1.15x10%!

3.6x103% cm2s?

2808

25 ns
0.582 A
7.55cm
285 urad
0.64

1034 cm2s!

3.5 TeV
2.9 um

1.5m
34 um
1.25x101!

1.1x1039 cm—2s?

1092

50 ns
0.236 A
28.7 cm
240 prad
>0.31

1.2x1033 cm2s?

¥ design
% design!

3x design
2x design
higher than design

only factor 3 away
(x4 from energy!)

approaching % design

close to 72 design

>10% design



luminosity potential of present LHC

f N2 1 %
how to go further? L =&V 2 0D Doiw = ;Z -
Al e \/1+ B2 Oy y

50 ns spacing:

n,: 1092 — 1380, N,: 1.2x10*—1.7x10%* (double batch inj.)
B*:1.5—->1.0m

total gain ~ factor 4 — 5x1033 cm=?st at 3.5 TeV

25 ns spacing (e- cloud in SPS & LHC!?):

n,: 1092 — 2808, N,: 1.2x10"

B*: 1.5 ->1.0m, ye: 3 um — 4 um

total gain ~ factor 3 — 4x10%3 cm=?st at 3.5 TeV

another factor 4 from going to ~7 TeV (&pB*~0.5 m)
2x10%* cm=?st at ~7 TeV does not appear impossible



some possible concerns

* radiation to electronics — SEU’s

* UFOs

* longitudinal instability: “dancing bunches’
 electron cloud at 25 ns

* long-range beam-beam effects

* emittance growth in physics (all IBS?)



LHC injector complex

Duoplasmatron
LINAC2
PSBooster

BS

SBS

LHC

Source © 90 keV (kinetic energy)
Linear accelerator @ 50 MeV SPS
Proton Synchrotron Booster @ 1.4 GeV
Proton Synchrotron @ 25 GeV

Super Proton Synchrotron @ 450 GeV
Large Hadron Collider @ 7 TeV

CNGS

CERN accelerators

3. De Man 16052003

- proportions not to scale

to Gran Sass0



3 LHC p beams from the CERN PS

50 ns beam from the PS

25N

ns_beam from the PS
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Possible Charaetéristi

Rende PSB extraction SPS extraction
Steerenberg| P/ ring | €,ande, | nb | _nbatlip/ b‘v'\ nb |lp/bunch|g ande,| €. nb
Chamonix [mMmm - |batche bun,% e {mm- |bunche [mm-

[x1011] mrad] 6 {x1011] mrad] S [x1011] mrad] [eVs] | bunches
2011 (2]

e
ﬁ@ 10, norm. norm.

LHC25 (DB) 16 2 |4+2 1.3 2.5 72 1.15 3.6 0.7 [4x72
LHC50 (SB) 24 1 [3x2| 1.75 | 3.5 | 36 | 145 | <3.5 | <0.8 | 4x36
LHC50 (DB) 8 1.2 2 |4+2| 1.3 1.3 | 36 [1.15(?)|1.5(?)| <0.8 | 4x36

LHC50 SB (now) — LHC 50 DB (lower emittance) or LHC25 DB (more bunches)
+ future PS “batch compression” to (further) boost the brightness?




SPS: 50ns bunch train — Double PSB batch

Intensity 1.65 10! p/b

* Up to 4 batches injected
* Very low losses along the cycle (reproducible 3% 1o v°
* £=2.0 um and g ,=1.9 um at flat top (sum 3.9)

ced °"

1% SPS BCT Measurement V2.2-2010
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new optics for SPS (low y, or “Q20")

* SPS intensity limitations for LHC p beams in SPS H. Bartosik, Y. Papaphilippou

— TMCI due to transverse impedance, N, ~ n Ny, ... Instability threshold
€ ... longitudinal emittance
T ... bunch length

n ... slippage factor

— Loss of longitudinal Landau damping), N, ~ €%tn

— Longitudinal coupled bunch instabilities, N, ~ ne?/t

— Electron cloud instability

* Slippage factor n defined by optics through transition energy (yt):,}7 11
A2 2
1, in the SPS Vi 0
30 Slippage factor in SPS relative to nominal optics
28 &
o8 —_— "'r“r'r.-m at injection (26 GeVic)
5

—_— "'r“r-r.-m at exfraction (450 Ga\ic)

Low y, optics

24

22 4 . .
r Nominal optics

= 20
= #1978 £ a

18} =

16} l 2

14 1

12

10 e

14 16 18 20 20 24 26 28 15 20 25
Q=Q Ty

= Increase in instability thresholds N, for higher slippage factor n due to
faster synchrotron motion ( Q. < +/[n|Vrr ) and faster damping of instabilities



SPS single-bunch intensity limits
(units of protons/bunch)

chromaticity Q/Q__ 0.0 | 007 _

old Q26 optics 1.7x1011 2.2 x10%!
new Q20 optics 2.8x101t 3.8 x10%
>2 X LHC

ultimate

Benoit Salvant



Nb & & with SPS Q20 low-y, optics (1 bunch)

extracted intensity together with total losses along the cycle
overestimation of horizontal emittance and its slope (dependence of dp/p

on intensity)

PSB emittances: ~ 1lum < 1.5ellp /~ 1.1um @ 2ellp/~ 1.3um @ 3ellp
bunch length slightly increasing with intensity
up to N,~3x10!! (~3x LHC at 450 GeV with y&~2.5 um (2/3 LHC design!)

emittance

Mormalized horizontal emittance at extraction

measured!

BWS.51 9—InS-l::an-
linear

49,

1.5 2 2.5 3
Extracted intensity (1e11 ppb)
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Losses W)

11 May 2011
Mormalized vertical emittance at extraction
3 "
BWS.519-InScan
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E ¥
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Hannes Bartosik
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LHC: days for physics in 2011

Commissioning 21
Scrubbing run 10
5 MDs 22 4.5 days per slot

6 Technical stops 5 days (4 days TS plus 1

30 day recovery with beam)
Special requests TOTEM/ALPHA

10 Intermediate energy run

Luminosity scans

Intensity ramp up ~39
Total high intensity ~130
lon setup 4
lon physics 24
TOTAL 290

M. Lamont March 2011



26/5/2011

2011 LHC Schedule vl
Approved by the Research Beard, December 2010
Re-commissioning Intermediate
y with beam energy run
Jan Feb  ©losering | Mar o
Wk 52 1 2 3 4 5 6 \ 7 l B g 10 11 12
Mo 3 10 17 24 Ell 7 \ 14 7 28 14 21
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We S
Th . Hardware
Fr Ussnaicelfafds | o commissioning
Sa 1
Su
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Scrubbing run physics program
Apr May June
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Mo 28 4 1 18 Easter ;[n 9| 18 2, o, J ot ' 2
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We g
Th _ | Ascension 1
i | e
Fr i G Fl’ld.:’t‘_.,' i [l ];EE:F:;)' i x
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su | 1stmay ! ’
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LHC MD blocks

lon Beam

to SPS
July Aug Sep [
Wk 26 27 28 K4 3 36 : 37 :
Mo 21, n ' 25 1 2|, 2l s 12]|® 19|
Tu : " | 56 days of
We 43 )f physics:| |ty i, |
Th pu rightness ' Ko B >0
Fr ' g " [[ Tuminosit
(P3 DB-injection?) fo=r
Sa productiayr
Su : - ‘
1stinjection of 25-ns beam; quality 25-ns beam
further (s)etarch for b-b limit set o oo, In terms of e-cloud
C \'4

Wk 39 ' 40 41 43 49 50
Mo -~ gq_ L 1o) 2 3| 2 2 5 12 19
o |/ 20 days of{phys
we [Hcontld; 1 run
™ || & special feques \ 1 [eor o
Fr Nn. » )
s2 | lumi calib —
Su I ‘ Xmas Day

I:ITechnical Stop [] Injectors - proton physics

[ 1Recommisssoning with beam

Special runs (TOTEM etce.) to be scheduled
|:|Machine development
:]lon run

I:llon setup




several “special” runs already done:
« 1.38 TeV run (ALICE request),
 VdM fills at 3.5 TeV (ATLAS),
« 90 m MD (ALFA/TOTEM),

« RP TOTEM-220 m & ALFA setting-up for
squeezed physics

still on the wish list (for September):

90 m physics (several short fills)
« ultimate luminosity calibration

regular polarity reversals for LHCb (every 1-2 months)
and ALICE (less transparent)



W. Herr et al,

offset leveling test e 201

ATLAS
CMS
O oI g7 om0 70 4T 7070 3 8 T 7 m 2 o T om0 (2 e T 3 e 73 N0 8 T 7 S A T A WO/ s e 2 T R LHCD
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conclusion: the luminosity can be successfully leveled using
transverse offsets between 0 and a few o (here at IP8)
without significant effects on the beam or the performance of
the other experiments (IP1&5)



routine leveling in IP2 & 8!

Timeseries Chart between 20110530 00:00:00.000 and 20110608 09:44:55.174 (LOCAL_TIME)
—— LHC.BCTDC.BGR<4.B1:BE4
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beam parameters investigated beyond nominal LHC (N, = 1.8-1.95x10%, € =1.2-1.4
MM); no significant beam losses nor emittance effects observed with linear head-on
parameter of ¢,,= 0.02 /IP and ¢,,=0.034 (total) — more than 3x above design!



LHC Collimation
Project

collimation MD#1 May 2011

Intentional large loss on primary colllmator to see marglns

10°

: Cold | ‘ool g - -
ol [ Wam 205 kW Primary beam Ioss :
Collimator peak in1s
1ol no correction BLM response
_ 10°} 336 W-Q8
g 101
- 35W-Q11
=/ S | sty — N § ) —
< 102 5W-Q19 :
o ol
= ]
T 107 :
10-4é
10_5% ‘ l l | | ‘
AL gl ARG
6000 17000 18000 19000 20000
s (m)

3.5 TeV operational collimator settings (not best possible)

No quench of any magnet!

R. Assmann
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collimation MD#2 May 2011

cleaning efficiency with tighter collimator settings
betatron losses B1 3500GeV hor norm F (2011.05.08, 01:00:47)

CERN

1—

-
cold —
collimator ]
warm —— -

0.1 = higher beam intensity and higher
~t luminosity reachable with present system

0.01
0.001 |
z 99.995 % ;
0.0001 ¢

1e-05

local cleaning inefficiency
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R. Assmann



LHC "ATS” optics: squeezing IP1 to 10 cm

3 20 blbeta* xfy_ipl-5=11.0/11.0-11.0/11.0 5

Be 1 &1 cIoy /). i E
% 288 sigx  SIigy oY =
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m-mmmmmwm w
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1604 § N h 0;\/\ N\DS L 0.0
1.28 - d \N 2 --0.7
096 | {@S\E 1.4
0.64 - .y
0.32 | ’q : F ' |l : ||| | 28
ﬂ'ﬂﬂ'ﬂ  [me | 15.0 2.5 30 [ij'j
i) IPS - [PL [410%% 3)]
S. Fartoukh s(m /

Beam sizes @ 3.5 TeV [mm] and Dispersion [m]



New rough draft 10 year plan Not yet approved!

2010 2011 2012 2013 2014 2015 2016
M|J|J ‘A|S|O|N‘D J|F|M‘A‘M|J|J ‘A‘S|O|N‘D J|F|M|A‘M|J|J|A‘S|O|N|D J|F|M|A‘M‘J|J|A‘S‘O|N|D J‘F|M|A‘M‘J|J|A|S‘O|N|D J‘F|M|A|M‘J‘J|A|S‘O‘N|D J‘F‘M|A|M‘J‘J|A|S|O‘N|D
LHC
T Machine: Splice Consolidation & E
= " " -]
40r5 A\ cimmin 6.5 Tev? I
ALICE - detector completion £
£
TeV? p Pb IATLAS - Consolidation and new forward,| k4
- i =
beam pipes I
run ICMS - FWD muons upgrade +
Consolidation & infrastrastructure
LHCb - consolidations ‘
?Cryo-collimation point |
Injectors
SPS upgrade ? SPS - LINAC4 connection & ? PSB energy upgrade
2016 2017 2018 2019 2020 2021 _
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LHC
o] Machine: Collimation & prepare for .
E kcrab cavities & RF cryo system @ O InSta I Iatlon
£ 2 e
£ ATLAS: new pixel detect. - detect. et E Of the
E for ultimate luminosity. 2
2 ; 5 5 HL-LHC
- ALICE - Inner vertex system £ £
& © h d
CMS - New Pixel. New HCAL £ £ araware
Photodetectors. Completion of =< =
FWD muons upgrade
LHCb - full trigger upgrade, new
vertex detector etc.
Injectors




(long) shutdowns

Xmas stop 2011
thermal amplifier test to determine beam energy for 2012
LS1: 2013-2014
machine splice consolidation for 7 TeV (14 months)
ATLAS (19 m.), CMS (17m), ALICE (12-17m), LHCb (12m)
upgrades; LINAC4 connection, PSB upgrade (?)
2013-2017:
collimation upgrade (BPM jaws), 4 x design current
LS2: 2018
collimation upgrade (dispersion suppressors)
preparation for crab cavities & RF cryosystem
detector upgrades
LS3: 2022
major HL-LHC hardware (IR, cryo, crab cavities)
major detector upgrades



future beam energy

guench propagation test during May TS:
encouraging results - to be confirmed

“thermal amplifier” measurement over XMAS break
to determine beam energy for 2012 (4 or 5 TeV?);

gualification tool to qualify maximum current
a sector can safely withstand

after interconnect splice consolidation in LS1
retraining of magnets (to reach 6.5 TeV?)



thermal amp“fier M. Koratzinos

Chamonix 2011

® The thermal amplifier uses a pulse of high current (order RB: a typical
3000A) to selectively warm up bad splices in a sector. bad joint has

® Current flows through the diodes, so very little energy is SLATEIE
stored in the circuit (= safe). resistance of

® Itis adirect measurement of a thermal runaway at the exact || up, its
conditions of a joint. resistance

® Temperature of operation: around 40K grows by ~200
,  times — easy to
27kApulses at 41K | |00

2% - if we warm

21 September test 25 H
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magnet retraining: quenches vs. energy

empirical extrapolation of hardware
commissioning data based on exponential fit

Sector 5-6

7 TeV

[N
N

L

i /(
: M 6.5 TeV

X Firm3 HC

[N
[N

[HEN
o

Current (kA)

O

g |

1 10 100 1000
Quench number

— ~200 gquenches per sector 5-6

— For generic sector having 33% of Firm3:
110435 quenches per octant to reach nominal

[A. Verweij, Chamonix 2009] E. Todesco



HL-LHC — LHC modifications

SPS enhancements
-~ & North Area . .
(anti e-cloud coa';_% g, R,

1976 (7 km)
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HL-LHC goals

Leveled peak luminosity: L=5103* cm2s
Virtual peak luminosity: L=1010% cm2s?
Integrated luminosity: 200 fb™! to 300 fb™! per
year

Total integrated luminosity: ca. 3000 fb! by
2030




effective beam lifetime

for given luminosity
T Scales with total beam current

dNtot _ _ Ntot
dt T o
T _ Ntot
eff GL
r]IP lev

=-Nn,,olL,, (c=100 mbarn)

lev

30
25 |
20
15 |
10 |
5

0 1 2 3 4

: N/N

nominal



maximum leveling time

A

| = k|_|ev virtual peak luminosity

1
tlev — Teff (1 \/E)
t It

level' “eff 07..

0.6
0.5
0.4
0.3

0.1 level

0 ¢ | e Lpeak[lo?,scm-zs-l]




luminosity leveling at the HL-LHC

L[10°* cm™s™!]
10/ a7 Virfualpeak

leveling at
5x103%4cm-—2s-1
=2, 1+=15h, T,,=5h

2t leveling at

- 2.5x103*cm%
0 | k=4,7,4=30h,

o s 1w s 2 t[h]




R. Assman @ Chamonix 2010
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example HL-LHC parameters

parameter symbol nom. nom.* | 25ns,crab,lrc | 50ns, crab, Irc

protons per bunch N, [10%] 1.15 1.7 1.7 3.4
bunch spacing At [ns] 25 50 25 50
beam current I [A] 0.58 0.43 0.86 0.86
rms bunch length c, [cm] 7.55 7.55 7.55 7.55
beta* at IP1&5 B [m] 0.55 0.55 0.15 0.15
full crossing angle 0, [urad] 285 285 425 425
normalized mittance ve [um] 3.75 3.75 2.8 2.8
Piwinski parameter ¢=0.0,/(2*c,*) 0.65 0.65 2.13 2.13
tune shift AQ,; 0.009 | 0.0136 0.006-0.011 0.012-0.015
potential pk luminosity L [1034 cm-2s1] 1 1.1 9.6 19.3
actual (leveled) pk luminosity | L, [103* cm-2s] 1 1.1 5 5(2.5)
events per #ing 19 40 95 190 (95)
effective lifetime Togr [N] 44.9 30 13.3 13.3 (26.6)
level time / run time tieverrun [N] 15.2 12.2 3.7/8.6| 6.5/10.1 (16.4)
e-c heat SEY=1.2 P [W/m] 0.2 0.1 0.4 0.3
SR+IC heat 4.6-20 K Pegiic [W/M] 0.32 0.30 0.58 0.91
IBS ¢ rise time (z, X) Tigs.x [N] 58,104 | 39,70 71,60 36, 30
annual luminosity L..[fb1] 57 58 259 317 (204)




trade off: integrated lumi <= pile up

<L>[10°* cm™s™1]

85| o - 190
: piie up ﬂ
3 pile up 2
2,3
2 | 25 ns
1.5 | 50 ns pile up 95
1 | pile up 95
0.5 | 25ns
.O » pile up 47 |
0 2.5 5 7.5 10

85

L

oy [10%* cm™2s7!]

roughly for 2 times more integrated

luminosity 4 times the pile up



electron cloud build up at 3.5 TeV

Multipacting threshol”’ rLQ*\'\ \/
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Heat load (W/m)

electron-cloud heat load (at 7 TeV)
25-ns bunch spacing 50-ns bunch spacing

Average heat load - 25 ns of bunch spacinc 2.5 Average heat load - 50ns - Scheme: ES/FCC
—m—SEY =11 | (Gaussian bunch profile)
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H. Maury
dedicated IR cryo plants needed,; L. Tavian

50 ns much easier than 25 ns:

at 25 ns electron cloud contribution acceptable
If 8., 1.2



e-cloud heat load
also OK for 50 ns
spacing plus

Heat load (W/m)

(o . )]
LHCb satellites I

H. Maury
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approaches to boost LHC luminosity

* low 3* & crab cavities (80 MV)

* low 3* & higher harmonic RF
(7.5 MV @800 MHz) + LR
compensation

* large Piwinski angle + LR-BB
compensation

always pushing intensity to “limit”



advances in compact crab cavities

ODU-
Niowave

Cockcroft Institute & EuUCARD




long-range beam-beam compensator

SPS
prototypes
since

after Chamonix 2011
launch of BE-BI project

concept: integrate wire
inside “collimator” like
copper block, with
Integrated BPMSs;
diamond insulation

goal:
install two LHC
Prototypes during LS1



CERN ( THC Project Document No, J
CH-1211 Geneva 23 LHC-BBC-EC-0001
Switzerland [ EDMS Document No. ]

503722

Engineering Change requested by ( Name & Div./Grp. ) : ]

the
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Engineering Change Order - Class I

RESERVATIONS FOR BEAM-BEAM . R beam-beam

COMPENSATORS IN IR1 AND IR5

Brief description of the proposed change(s) : C O | I l p ‘ ! n S ato rS y

Reservations on the vacuum chamber in IR1 and IR5 for beam-beam compensator

L]
monitors.
We propose to include these modifications in the next v.6.5 machine layout version. - I I l O | I g S e ‘ I O I I S
Equipment concerned : il Drawings concerned : T Documents concerned : | I ave b e e I l re S e rve d
BBC LHCLSX—0001

LHCLSX—0002

e S In LHC at 104.93 m

C.Fischer AB/BDI

PE in charge of the item : PE in charge of parent item in PBS :

J.P. Koutchouk AT/MAS C. Rathjen AT/VAC . _ =
Decision of the Project Engineer : Decision of the PLO for Class I changes : (C ‘ b n t‘ ’ r p O S I t I O n )
Rejected. O Not requested.

oo

Accepted by Project Engineer, O Rejected.

L] L]
no impact on other items. - . .
Actions identified by Project Engineer Accepted by the Project Leader Office.

) ) Actions identified by Project Leader Office
M Accepted by Project Engineer,

but impact on other items.
Comments from other Project Engineers required
Final decision & actions by Project Management

Date of Approval : 2004-10-27 Date of Approval : 2004-10-27

Actions to be undertaken :
Modify the drawings and Equipment codes concerned to reflect the changes described in

this ECO.
Date of Completion : 2004-10-27 | Visa of QA Officer :
Note : when approved, an Engii ing Change R becomes an Engineering Change Order/Notification.
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higher harmonic RF cavity

LHC Project Note 394

2007-02-16

Trevor.Linnecar@cem.ch

An RF System for Landau Damping in the LHC 800-MHz system :
T. Linnecar and E. Shaposhnikova / AB-RF stability gain >
Keywords: RF Systems, Landau Damping, Longitudinal Beam Stability factor 3:
e.g. lower longitudinal
Summary emittance (no blow

A Landau system in the LHC could significantly increase the longituc u p IN L H C), Short
LHC beams in the absence of wide-band longitudinal feedback bu N Ch es

freedom to define the bunch parameters even during the initial stages )

This technique for stabilizing beams, used already in many accelerato: [y I I

very useful in the SPS, raising the instability thresholds by a fact hlgher IntenSIty
luminosity upgrade paths for LHC requires an RF system at 1.2 GHz with ~ 60 MV per

beam for bunch shortening. A much smaller RF system at this frequency with ~3 MV per

beam would be sufficient to provide Landau damping. This Note analyses the possible

benefits and recommends that an R & D programme, leading to one prototype cryostat

per ring to be installed in the LHC machine, be launched as soon as possible.



" Turns %
High Energy-LHC (HE-LHC) ———~—
ATS working group since April 2010 Nb.Sn 58 41%
EuCARD AccNet workshop HE-LHC’10 HTS 45 31%

14-16 October 2010

kev ({0 D | CS 60 HTS Nb,Sn

Nb3Sn

y (mm)

beam energy 16.5 TeV; 20-T magnets

40 o HTS Nb,Sn

Nb-Ti

Nb,;Sn

cryogenics: synchrotron-radiation heat \

Nb-Ti

radiation damping & emittance control -

0 20 40 60

80

100

120

vacuum system: synchrotron radiation Lo
new injector: energy > 1 TeV
_parameters

E. Todesco

LHC HE-LHC
beam energy [TeV] 7 16.5
dipole field [T] 8.33 20
dipole coil aperture [mm] 56 40
#bunches 2808 1404
IP beta function [m] 0.55 1 (x), 0.43 (y)
number of IPs 3 2
beam current [A] 0.584 0.328
SR power per ring [kW] 3.6 65.7 e ||
arc SR heat load dW/ds [W/m/ap]| 0.21 2.8 amE J' .
peak luminosity [1034 cm2s1] 1.0 2.0 1l galll 2l
events per crossing 19 76 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300




HE-LHC — LHC modifications

o HE-LHC
2030-33
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EUCARD Newsletter article

P European Coordination for Accelerator
' EUCARD  pRasearch and Development Newsletter
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Proposed increase in energy takes LHC
even further into the future

Accelerator scientists from around
the world came together in Malta in
October to discuss the possibility of
increasing the energy of the present
LHC. Organised by AccNet within
EuCARD, the High Energy {(HE) LHC ) : ‘
workshop was convened to discuss '

the poss|b|e future LHC upgrade to a Par‘tICIpants in the HE-LHC'10 WorkShOp Image Courtesy of

16.5 TeV beam machine. Kazuhito Ohmi. Thumbnail image on main page courtesy of CERN.




summary

* LHC luminosity leveling works
* heam-beam tune shift 3x design
- beam parameters now constrained
by acceptable detector pile up?!
* injectors send beam w higher bunch charge
and lower emittance than design
(and still improving)

* finally 25 ns or 50 ns beam ?!
* |S1 length determined by ATLAS



conclusions

* LHC rapid & safe increase in beam
intensity & luminosity; transition to
physics operation with a few
dedicated MD periods / year

* LHC & injector performances exceed
expectations (intensity, emittance,
aperture, beam-beam effects,...)

* it should be possible to surpass design
parameters in various ways

* upgrade strategy for the next 20 years
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NOW THAT THE LARGE HADRON COLLIDER HAS
STARTED WE CAN WATCH THE FIRST BLACK HOLES
HANGING AROLIND IN THE WILD

thank you for your attention!



