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CERN accelerator complex

cms A The injector chain is responsible for
e i the preparation and the pre
ALICE | LHCb acceleration of the beams colliding in

the LHC.

A Proton beam is first accelerated in
LINACZ2then goes through the
Booste, the PS the SP&nd is finally
injected into the LHC,

A Pbbeam is transferred frorhINAC3
into LEIRthen goes in théS and the

kb ion b plantiproton b electron SPS
=i Jfantiproton conversion
LHC Large Hadron Collider  SPS Super Proton Synchrotron PS Proton Synchratron A Beams are |nJeCted |n the LHC at
Al Antiproton Decelerator
CHGE Cern Neutrinos to Gran Sasso
LEIR Low Energy lon Ring  LINAC LIMNear ACcelerator 450 Z G eV

Future perspectives for the heavy ipmgrammveirj the LHC deperjds on the pe[formancesAofv
the whole accelerator chail 2 LINRP OA RS (GKS 0SF Ya NGB leduesb F
in terms of species and luminosity.
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|. LHC Luminosity 1/2

A Event rateY (in events per second) of a collider:

=| 4 q . oIS the event cross section,
- 0 is the instantaneous luminosity of the collider in-€st .

A The luminosity of a collider describes the density of particles colliding per second.
Luminosity for round beams of equal sizes:

0,, 0. are the number of particles in each colliding beams,
a4 € is the number of colliding bunches,
J 3 P Q Is the revolution frequency of the beams,
Zd ” is the transverse beam size at the interaction point,
"g— is the reduction factor due to the crossing angle.

A [ Is the Lorentz factor,
e— - I “is the beta function at the interaction point,
d & - is the normalized transversmittanceof the beams.

4 =45 Toincrease the luminosity we needense beamg! 4 « ) of
TE smallemittances(t) andstrongly focuseds®) at the interaction point.
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|. LHC Luminosity 2/2

I 4 4«45 Toincrease the luminosity we neetense beamg!! 4 « ) of
Iz t smallemittances(t) andstrongly focuseds”) at the interaction point.

The luminosity decreases during data taking due to various effects affettibdy , £, with the
instantaneous time constarit

P 00 B 0, q - 0

T 0(0) 3

L\ Transverse
Particle losses due to emittancegrowth
collisions at each Interaction contribution

Point (IP), total cross section
for all processes is Particle losses due tingle
= luminosityt 6 dZNJ/T € beam processekading to
the beam lifetimet
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Outline

ll. Performance and limitations durii®p-Pbruns in 2010 and 2011

15/02/2013 R. VersteegenEMMI Workshop, GSI



ll. Performance and limitations durif®j>-Pbruns in 2010 an@011

Parameter Nominal 2010 2011
Beam energy per nuclecn(Te\) 2.76 1.38 1.38
Max.Pbions per bunch at injectiod 7x 10 1.15x16 | 1.5x 16
Bunch spacing (ns) 100 200 200
Number of bunches 592 137 358
Beta function at ALICE interaction pdirit(m) 0.5 3.5 1.0
Transverse normalizesimittancesat injection(- K ) (>m.rad) (1.5, 1.5 (0.5,1.1) | (2.0,0.8)
Peak luminosity (cnm?2.s?1) 1 x 167 3x16° 5x 1@°

A Thanks to the very high performance of the injector chain, peak luminositpwies the

nominal valugscales with®?),

A x 15 %of the total integrated luminosity goal (1 dpwas accumulated over the first two

runs athalf the design energy

A Main limitations for high integrated luminosity are tivgra-beam scatteringn the SPS and
in the LHCparticle losses on cold magndtem collisionsandcollimation inefficiencyand

the luminosity burnoff (* proportional to the number of experiments).
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ll. Performance and limitations durif®j>-Pbruns in 2010 an@011

Total Intensities and Luminosity Evolution during a typical Pb—Pb fill in 2011

A Luminosity decay is mainly driven by
burn-off and IBS, = ax109) " 1400 ’“
A 1BS provokeparticle losseand T ronl \ oo %
emittanceblow up, iz \M\b
5 £ 5000 N — 1200 3
A Due to IBS and space charge in the “ = 0 S v
SPS we observe a spread in the 2 1x100] ' . Jioo £
bunch intensities anémittances = ' E
leading to aspread of beam e
lifetimes, Time (01/12/2011)
. . . Bunchby-bunch intensities (inb of ions) at injection in the LHC
A Average bunch intensity was still Wy
1.6times higher than nominal
which is good for peak luminosity _ L E
but it increases IBS, S PR R B I M
A A compromise between the wald 24 A28 4008448%¢
luminosity decay and the refill time ! R CEGEEE Bt
led to ~6 hourlong fillsin 2011. -
................................. —
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ll. Performance and limitations durif®j>-Pbruns in 2010 an@011

A Particle losses close to the Interaction Point resulting fRimPbcollisions
208|:)b‘32 + 208ptj32+ 1 208ptj32+ + 208|:)b81+ + e

208P|P2 4 208pp2+ ' 208P|P2+ 4 207PPI* 4+ 1

Bound FreePair Production

ElectroMagneti®issociation
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ll. Performance and limitations durif®j>-Pbruns in 2010 an@011

A Particle losses due tauclear reactions with collimator materi@Carbon)

Physics interactions in the collimator

Example: losses in the aperture of Pb?°¢ jons

Hadronic Fragmentation Electromagnetic Dissociation
cross sections for 2°°Pb on 12C cross sections for 2°°Pb on 12C

E

005

{6Z,64,6)=(0, -2, -0.00962}

o b

£ om

-005F

Large variety of daughter nuclei,

e f

"
100 200 300

Mainly loss of 1 neutron e
Monte Carlo calculated specific x- (59%) or 2 (11%) =
sections 207phy, 206ph

G. Bellodi  ccdllizngtion outlook and

Phasel L A Y LINEC@nSeptSay Design >
Review LHC PhaseCibllimation, 02/04/2009

Baseline LHC collimation for protonsitg efficient enougtor ions, primary halo generate
losses on superconducting magnets
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lll. The first g°Pbrun in2013

A Future perspectives for heavy ion physics in the LHC started this year when we collided
protons andPbions for the first time

A Asymmetriccollisions wereot part of the machine baselinand many uncertainties
remained before starting (commissioning time estimate, bea@am effectX 0

A But asfor all ion runsfime is shortso commissioning hastill to be very fast.

Revolution frequency (kHz) Central horisontal orbit
entral noT1Zon orp1

0.002 —
11.24549 i ] // t IP6
P v Pb 0.001
11.24546 //
11.24543 // | % 0'000\/'|, TV !lll | Nl J'n l
) At4ZTeV %) o v e v o
11.24540 / _an 60 Hz ‘
—0.001
11.24537 — BEAM 1
/ — BEAM 2
11.24534 e ) ) - 000255 s 10 13 20 25
Proton equivalent energy (TeV) e
RF systems had to be decoupledoaamndPbhave Beams were ofmomentum at 4ZTeVby
different Z/A ratios which madeéceambeam dp/p f £2.3 x 16%, which generatedrbit shifts
encounter points movinground the ring until RF in the arcs of about 0.5 mm max., leading to

frequencies were locketibgether. opticsdistortions.
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lll. The first g°Pbrun in2013

Parameter Pbbeam | Pbbeamin | p beamin
in 2011 2012 2012

Beam energy per nuclecd(ZTe\) 3.5 4

Max.nb. of particles per bunch at injectioi 1.5x 16 2x10 1.8 x 1@°

Bunch spacing (ns) 200 200/225

Number of bunches 358 338

Beta function at ALICE interaction pdirit(m) 1.0 0.8

Transverse normalizesmittancesat injection(- h ) (>m.rad) (2.0,0.8) | ~(1.2,0.8)| ~(1.0,1.0)

A Injectors deliveredrery high qualitfPbbeam,

A Data taking was performed in bofhrPband
Pb-p configurations

A Max. peak luminosity wabk.15x13° cnr2.st .
Leveling in ALICE was required,

A In the end many potential limiting effects
were avoidedhanks mainlyto low proton
intensity, andmore than30 nb! total
integrated luminositywas reached!
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Integrated Luminosity (nb™!)

Integrated Luminosity over p—Pb run in 2013
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Nb. of charges

The first pPbrun in2013

A ALICEATLASCMS)]LHCbhbTOTEMALFALHCtook data,

A Luminosity evolution was driven iBbbeam lifetime, which was mainly affected IBS and
burn-off. Instabilities due t®beambeam effects were negligibld he proton beam was very
stable.

Total Intensities and Luminosity Evolution during a typical Pb—p fill in 2013
Pb particle loss rate

7% 1012 — T T T T 1 T 1 T — 17120000 4 %1080 —— T T T T T T T T T T T T T
— 1 — S — Measured losses
?‘3’ 6x10 ;"\h.\ 4100000 _.\-f" — Measuwred bumn—off {4 experiments)
= s 1020 AN " £ 3% 106} —  IBS simulation (Ve p=1.5210%, yep,=1.2 um rad)
o XU 180000 = — Bum-off +IBS
E 4x 102 p ES
s 160000 2 B 2x10%
= 3x102f 3 éﬂ
E 2x 1012 140000 3
E g 1x109r
2 15100 120000 £ — L f#""“'m-“"!‘"“‘)m""‘\\u‘w’\f‘"\-w‘,,./\/v‘-.’“\wm"‘*.v;‘“w“v\.mxfm.,h’__I*F‘I‘Mr

pl I T T T I T N A M TN TR NN N SR S A B 0 ) T T T S T T T Y T A Y T S S
06:00 07:00 08:00 09:00 10:00 06:00 07:00 08:00 09:00 10:00
Time (07/02/2013) Time (07/02/2013)
— Luminosity leveling in ALICE

A Additional source oPblosses at the beginning of data taking were observed due to losses
on collimators (tight settings were kept frompgpoperation to limit the commissioning
time).
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V. Perspectives for thbeavy ionprogrammefrom 2015

A Threeshutdowns of the LH@&re foreseen:
LS1, 2012014 Energyincrease
LS2, 2012019
LS3, 2022 HighLuminosity pp upgrade

A Heavy ion physidsirget for thefirst phase oPb-Plr accumulate b,
Thisgoal could be reachedefore LS2hanks to:

bhigh performance of the injectofroven in 201613,

M |y Punipki&hod to mitigatelossesfrom secondary beams emerging
from IPs (tested in 2011) and losses from collimation (tested in 2013):

R. Bruceet al., PhysRev. SAccel Beams 12, 071002 (2009)
0.02 0.023
0.00 : 0.00f

—0.01 ~0.01f

x(m)

x(m)

—0.02 70.025
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s (m)

A But magnetsjuench limits are stilincertain
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V. Perspectives for thbeavy ionprogrammefrom 2015

A Performanceafter LS2 ALICE requested
5-6 timesdesign luminosityo get 10 nb' by
2026 for thedetectorupgrade,

A Feasible but:

x/m

D Injector upgrade is requiret
provide higher number of bunches,

HAdditional collimatorare needed.
They may be installeduringLS2o cope
forsecondaryos S| YaQ f 2aasSa

001

//// 208p P2+

0.00

=001

[ L/ 9 6F opn Y FTNRY

A Higher intensities implie®nger injection
timesandstronger IBSvhich will still affect
the instantaneous luminosity,

A To be studiedfilling schemeoptimisation
optics andoeambeam separation
optimisation implementation ofstochastic
coolingX
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V. Perspectives for thbeavy ionprogrammefrom 2015

A Collidingother species thaPbionscould be considered with the present source, and the

installation of a new source is being studied for the medicagrammeat CERN,

A Asymmetric collisiong-Pbor various nuclei,-A, may be envisaged after the very

successful °brun in 2013,

A Present heavy ioprogrammeuntil LS3 in 2022 (most likely to evolve):

J. Jowettet al., Chamonix Workshop (2012)

Year Colliding Species
201314 Long shutdown.S1 increaseE
201516 Pb-Pb Design luminosity, ~ 25¢b/year,
Luminosity levelling?
2017 p-Pbor Pb-Pb P-Pbto enhance 20146 data. Energy?
Pb-PbA T -1stilllneeded
2018 LS2 ? install DS collimators to protect magnets
? ALICE upgrade for<@lesign luminosity
2019 Pb-Pb . S82yR RSaA3y fdzYAyzairide X | a
2020 p-Pb
2021 Ar-Ar Intensity to be seen from injector commissioning for SPS fixed targ
Demanding collimation requirements?
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V. Perspectives for thbeavy ionprogrammefrom 2015

A Speciatalibration pp runsat same center of mass energy per nucleon thaRbPbruns
may be requested by the experiments:

MEnergy per nucleoim the center of 1T
mass for two charges,, & with

equivalent protonrmomentumry, is - 2012

\/.._ ~ F 2010-11
l ¢ @ /— |

M Two special rung/eredone in
March 2011 and February 2048
VI = 2.76TeVto calibratePb-Pb
datafrom 2010 and 2011 heavy ion
runs at 3.22TeV

Vern (TeV)

H2013 pPbrun at 4ZTeVwas very
closeto the energy per nucleon for
Pb-Pbcollisions at 6.2Z TeVper

| S
T T T

beam, as foreseen in 2015. c:-

=
[
=
N
oo
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Conclusion

A The high performance of the whole accelerator complex allotirege very successful
runswith Pbbeams welbeyond nominatharacteristics,

A ThePbPbluminosity goal of 1 nbfor the first phase in the LHC may teeched by
2016

Aal Ay TAYAGIFOAZ2YA T2NJ KAIK { davihoff,2BS5and &
intensity limits due tdosses on superconducting magnets

A Ways to providénigher luminosityafter LS2 are under study;,

A Arcollisionscould be considered in the near future as well as additipAabruns
given the first experience of colliding unequal beams this yeat,

A Perspectives beyond LS3 are very uncertain, LHC potential is very good, various sp
and asymmetric collisions at higher luminosity/energy could be considered,

A But LHC running time for heavy ions has to be planned in agreement with the possil
dzLJANF RS&ZX |yR NBaz2dz2NOS&a F2NJ addzRASaAX
not yet foreseen.
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Thank you for your attention.
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Boundfree pair production secondary beams from IPs

1 1 | | 1 1 :
IBS & Electromagnetic dissociation at IPs, taken up by momentum collimators
1 1 1 | | 1 1 1 1
Losses from collimation inefficiency, nuclear processes in primary collimators
Tqtal Losses: 35 10E403 [Gray / =] 15.11.2011 1832656
1E_4_’ -v Sector 1-2 - -_:-" Sector 2-3 I Sector 3-4 Seﬂ0r4—5v S Sector 5-6 Sector 6-7 Sector 7-8 - = Sector 8-1 =
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% 1E—5—g I 1"
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DeutbzooasnhHE (D D-A,p-D) coliBsions

% NO deuteron beams in present CERN complex
% Linac4 cannot accelerate D, even with a D - source
% Linac2 should be shut down, eventually

% Only possibility with existing ‘accelerators is to use present
heavy.ion'Linac3

Requires new Bosource ) RFQy switonyard,

WR GHYHORS

+ Uncertain how LEIR would perform with D

+ Present studies of new light ion source (He to Ne) under
way (medical use of LEIR), might be extended to D if
officially requested (presently no formal request for
LHC)

% Possible alternative (D. Kuchler ): cyclotron injecting ~1 mA
D directly to PS synchrotron

+ Could be cheaper, eventable  -top if injecting to LEIR

J.M. Jowett,Town Meeting "Relativistic Heavy lon Collisions", CERN, 29/6/2012 24



