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CERN
\

Collision energy: 7+7 TeV 4+4 TeV

Number of bunches: 2808 1374
Number of particles per bunch: 1.15 x 10 1.7e11
Circulating beam current: 0.58 A 042 A
Stored energy per beam: 360 MJ 150 M)
Peak luminosity in IP1 and IP5: 103* cms! 7.7*10% cm?s!

= 30-50 collisions per crossing; 10° collisions per second
> Big challenge for the detectors and for the acquisition and

Inalysis of data

ZA 22/11/2012 Mirko Pojer — LHC on the March - 20-22 November 2012 IHEP, Protvino ’ 4



gh

)

el

.V
7%
‘\

B

Ny



c Ba”OOn
\ (30 Km)

CD stack with
1 year LHC data!
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The experiments are producing "‘15 Millions Gigabytes of data per year
(~ 5 millions DVDs!)

The analysis of all these data demands for a computational power of
~100,000 new generatlon processors
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Increase with respect to existing accelerators :

THE LHC CHALLENGES...

L w4

LHC

e A factor 2 in magnetic field

e A factor 7 in beam energy

energy in

magnets

e A factor 200 in stored beam energy LHC top energy
RN —
LHC injection 3
|
SPS fixed
ISR ;ﬁ target F Le=ma
I —————+——+ BEAM SCREEN AT 5520 K

British aircraft carrier
at 12 knots

100
Momentum [GeV/c]

USING 2 COOLING CHANNELS
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1232 15-m-long/30-ton-weight dipole

magnets
+

3700 multipole corrector magnets

..AND ITS COMPLEXITY @

qguench protection, power converters for orbit
correctors and instrumentation (beam, vacuum +
cryogenics)




EI To operate at nommal performance the LHC requires a Iarge and complex

(multi-stage) collimation system

o Previous colliders used collimators mostly for experimental background conditions;
the LHC can only run with collimators (magnets with quench limits of few mJ/cm3).

O Collimation hierarchy has to be respected in order to achieve satisfactory

protection and cleaning.

O Lower B* implies tighter collimator settings as well as alignment, beam sizes
and orbit well within tolerance (gained experience and small emittance by the

injectors).
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2010, B*=3.5m, 3.5 TeV\
2011, B*=1.0m, 3.5 TeV
2012, B*=0.6m, 4 TeV

Nom, B*=0.55m, 7 TeV

R. Bruce




Dump block

Extraction
septum magnets

—————— -
= ——

a The dump is the only LHC

element capable of absorbing the
nominal beam.

Beam swept over dump surface
(power load).

Q Ultra-high reliability and fail-safe
system. ol
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extraction
P6

Q Total length 26.57 km, in the former LEP
tunnel.

P4

a 8 arcs (sectors), ~3 km each. collimation

O 8 long straight sections (700 m each).

d beams cross in 4 points. -

a 2-in-1 magnet design with separate
vacuum chambers - p-p collisions.

ALICE LHCb
injection Bl 1Pl injection B2




EI In the IRs, the beams are flrst comblned into a smgle common vacuum chamber

and then re-separated in the horizontal plane
d The beams move from inner to outer bore (or vice-versa),
O The triplet quadrupoles are used to focus the beam at the IP.

Machine geometry in H plane

D2 D2

Triplet

Triplet

194 mm Ry

A
v

~260m

v

D1,D2 : <
separation/recombination dipoles Common vacuum chamber

CERN
\
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EI Because of the tlght bunch spacmg and to prevent undeswed parasmc
collisions in the region where the beams circulate in the common vacuum
chamber:

o Parallel separation in one plane (mostly effective at the IP), which is collapsed
to O when the beams are colliding,

o Crossing angle in the other plane.

/4' """"""""""""""""""" \ ATLAS -145 / ver.
U4 \
,,' 4 mm (450 Ge\/)T ‘\ ALICE 145 / ver.
N 1.3mm (4 TeV) J{ /o CMS 145 / hor.
\ U4
| S »s LHCb 90 / ver.
N
/\ _II N (4 TeV / 2012)
’ \ S
e ! N

/ ::‘~k > B \ ~8mm
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TWO MAIN DRIVERS
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tnteraction region

= , N LUMINOSITY
1 L -
&2‘.3;.‘2’—‘“ = ‘Qr'gg'é:—?a‘——-w =
O 7: E/Eo,
kN b2 f kN b2 f y o fis the revolution frequency (11.25 kHz)
L = dro o — 4 — F o k is the number of colliding bunch pairs,
OOy 72.’8 & o N, is the bunch population,
*8* o olis the beam size at IP
O':O'; = (Round beams) o ¢"is the normalized emittance
o f* the betatron (envelope) function at the IP
o Fis areduction factor due to the crossing-angle
To maximize L:
® Increase the energy (y) High beam “brightness” N, /e*
® Many bunches (k) = tight bunch spacing _ > (particles per phase space volume)
-~
® Many protons per bunch (N,) <7 - - Injector chain performance !
* Small beam sizes 6%, , T~e o
L = ~ -~ $

® Small f*

® Small emittance &*

Small envelope

Optics property - Strong focusing !

Beam property

C\E RN
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O With small beam size, the luminosity geometric x/y
reduction factor due to bunch length o, and ‘ S
crossing angle becomes significant for low 3*

1

2
1+[ s tan GJ
O-x/y

F=

1.2
" i | | |
st p*=06m DF=0.81
€10 [ 1 R . . ]
< S e S o Will get even stronger at 6.5-7 TeV.
o 0.9 .
§ 0.8 | / o Could fix with ‘Crab cavities’
0.7 {E (see HL-LHC later).
0.6 I ' £=23um o Reduction of the aperture
0.5 1[ E 0=145purad | o Long range beam-beam
0.4 | A interactions

0 2 4 6 8 10

o and others (e.g. synchro-
betatron resonances,...)

== |~ T




EI In the hlgh Ium|n05|ty IRs, the trlplet guadrupoles defme the machlne aperture
limit for squeezed beams, * is constrained by:
o the beam envelope,

o the margin between TCT and triplet,

. O...
o the crossing angle triplet
O - need larger aperture ITs
| Beam 1 - 35Tev emluance 25/um\|
(HL-LHC) 'é"w"“' ‘,_ _
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Startup 2011 1.5 Interpolation of aperture measurement at 450 GeV

Sept. 2011 1.0 Aperture measurement at 3.5 TeV
2012 0.6 4 TeV and tighter collimator settings
IRS H plane
| | | |
- 40_' 1110 il i AL el
£ - —
= 30 TTedo mmm lo beam envelopes
20?—L/V\/
10 E_ _-_- 90 extreme beam
E_ envelopes
°F { 1.5omargin to triplet
10
20
305_ emittance = 3.5 um,
= =0.6m
L F

13000 13100 13200 13300 13400 13500 13600
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EI ngh bunch populatlon and tlght bunch spacing make the beams prone to
instabilities related to impedances i.e. to self-generated fields

o results in an EM force, called wake field in time domain, beam-coupling impedance
in frequency domain.

Direct EM interaction N ) EM interaction through -
- "direct space-charge” Induced (or “image”) currents the pipe wall-> "wall Pipe wall
|mpedance
T \ v=4c
X — @ Orbit (pipe axis
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""" - \ofsymmetry)

”Source” particle

O In 2012 instabilities have become more critical due to higher bunch intensity
and tighter collimators settings.

(d Cures:

o Transverse feedback (‘damper’) that measures the oscillations and sends corrective
deflections,

o Non-linear magnetic fields (sextupoles, octupoles, beam-beam) that produce a
frequency spread among particles — kill coherent motion.




Secondary emission yield [SEY]
SEY>SEY,,, = avalanche effect (multipacting)
SEY,,, depends on bunch spacing and population

L Electron cloud effects occur both in the warm and cold regions and their

intensity increases rapidly for shorter bunch spacing. Observed in the LHC as

soon as we started to inject bunch trains (150 =2 75 = 50 = 25 ns spacing):

@)

O
O
O

Vacuum pressure rise (interlock levels, beam losses...)
Single-bunch and multi-bunch instabilities > beam size growth

Incoherent beam size growth

3 | Beam 1

30
25
20

Norm Emit jL m]

Heat load on the cryogenics

—-=+HOR

<+ VER

15
10

T
L]

500 1000 1500 2000

O Chosen remedy: conditioning by beam—induced electron bombardment

”

2500
Bunch ID




RS Ss =2
2012 |nject|on tests (10 July 2012)

10 leld 1 =796.4 t2 =796.4

o8l i Beam1l —— Beam2 ——

2 0.4

0.2 o | | .
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2— I I -
<
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@aTev

— 0,,,, decreased from the initial 2.1 to 1.52 in the arcs after approximately 50h machine time with 25ns
beams in 2011. Expect ~2 weeks of scrubbing at 450 GeV for operation at 25 ns.
— Slightly higher (1.65) in 2012, but rapidly decreased to 1.55 after 4h beam time
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S S | T = = : , =
Q ngh intensity beams may deposit Iarge amounts of power via the EM fields
they generate

o Design, manufacturing or installation errors may lead to damage of accelerator
components.

o So far they have not limited, could be fixed or mitigated (e.g. bunch length control).

Damaged beam screen (BS) in an

Damaged mirror of the injection protection device

synchrotron light telescope

CERN
\
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= UNIDENTIFIED FALLING OBIJECTS

9.0E-02
. 8.0E-02 - 22R3. N
beam, generating very fast beam losses. If | . D
the losses are too high, the beams are T soer
dumped to avoid a magnet quench 2°2  Time evolution of
o 2010: 18 beam dumps g beam loss signal
. , 2 3.06-02
o 2011: 17 beam dumps, 20602
1.0E-02 |
o 2012: 15 beam dumps so far | L
0.0E+00 |
-5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0

Time [ms]

2011: Decrease from =10 UFOs/hour to =2 UFOs/hour.
2012: Initially, about 2.5 times higher UFO rate compared to October 2011. UFO rate decreased
since then to 2011 level.

=
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EI The rate of events increases W|th beam
intensity.

O A large increase was observed with 25 ns
beams — to be confirmed this year.

At 7 TeV

1 The losses induced in the magnets by the
UFOs will increase by a factor 3 (density
at shower max in the magnets),

O The tolerable loss will go down by a
factor 5 (higher B field),

Number of candidate UFOs/hour during stable beams

10

L8]

05

10
beam intensity [# protons]

15

2.0
lel4d

-> scaling the rate and amplitudes of 2012 one predicts at least
one beam dump per DAY !! Could become a serious issue !!

CERN
\
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O Tunnel electronics suffers from
beam loss induced single event |
errors (especially QPS, power e

.  Global PM events | Powering PM events | Global statistics |, istics | istics | . Events Data | Analysis Data | Raw Data |
converter and cryogenics)

EEU Failure Count
BOO R
D Mitigation: —8— SEU TOTAL COUMT
. - cogp - —®— SEU TOTAL COMFIRMED COUNT 467
o Equipment relocation, AS
Sometimes to Surface. 400 | o R TeTAbERn SEU Failures vs Luminosity
o. ® I h. Id. —&— SEU TOTAL CONFIRMED COUNT
o Additional shielding. oo e
More error robust firmware. ™ ] - seoue connimeo counr

@— SEU APPEARED COUNT

200
@~ SEU APPEARED CONFIRMED COUNT

O 2011 Christmas mitigation | -~

actions served to reduce the s ™|
SEUs by a factor 3 o+ ] P

i ST D
e £ CEICETERD
el o i gt ST
Fi . il [t o |(({,@L(r.((('f- a m{(m:&gg((\:@‘.’rlmﬁﬂ
OO eamE
] G

100

O A massive campaign of
relocation and shielding is
planned for LS1

CERN
\
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¢ August 2008
First Injection tests

95% CL limit on o/0y,,

200 300 400 500 §00
Higgs boson mass (GeV/c?)

December, 2011
3.6e33, 5.6 fb?!
Energy: Ilm
®
June, 28 2011 March, 2012

September, 10 2008 1380 bunches 4 TeV

Both beams circulating November 29, 09 -

Beams back

November 2010 July 4,
September, 19 2008 lon run 2012
Incident Higgs boson

Accidental release search update

of 600 MJ stored in
one sector of LHC

dipole magnets March 30, 2010
First collisions at 2:3.5 TeV
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http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394
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8000
® Peak Luminosity 2012

@ Peak Luminosity 2011 Work flat at 1380b, 0.6m ﬂ*
and 1.6-1.7e11p/b
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2011: target was 1 fb; ~6 obtained 2012: target was 15-20 fb%; ~22 obtained so far

LHC 2011 RUN (3.5 TeV/beam) - LHC 2012 RUN (4 TeV/beam)

—o— ATLAS 5.626 fb™' —o— ATLAS 21.748 fb~!
6H 2 CMS 6.136 fb™! —A— CMS 21.565 fb™!
—o— LHCb1.217 fb™! 20 H—— LHCb 2.043 fb™' fi 4
—0— ALICE 4.877 pb™! —0— ALICE 8.256 pb™'
PRELIMINARY PRELIMINARY

Delivered integrated luminosity (fb~")
Delivered integrated luminosity (fb™")

OMar Apr May Jun Jul Aug Sep Oct. 0™=Mar Apr May Jun Jul Aug Sep Oct Nov
Month in 2011 Month in 2012
[generated 2012-08-21 00:3% including fill 2267) [generated 2012-11-20 01:27 including fill 3300}
\_ R e S
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MACHINE AVAILABILITY

————— - S -

Time in stable beams (2012) =

. ,E 50 T T T T T T T T T — 1800 ‘:,-

LHC Run Efficiency s 116002

< a0t g

- Mode: Proton Physics > 11400 g
© Fills: 2469 - 3304 [700 Fills] © 41200 2
Y= SB Time: 68 days 22 hrs 32 mins g 30+ 2
(@] " 11000 ¢
v g 1800 2
I W 20+ £
g {600 E

g % 10 1400 %
o 2 {200 €
N @ g
0! 0o £

Mar Apr May Jun Jul Aug Sep Oct Nov
Month in 2012

(generated 2012-11-20 08:08 including fill 3300)

o Average fill length of ~6 hours

B Access - No beam - 13.8% Machine setup - 27.20% @) Fi ” Iength determined mOStly by ‘failures ’-

B Beam in : 14.78% B Ramp + squeeze : 8% [ Stable beams: 36.12%

o Only ~30% of fills are dumped by operation.

LHC Run Efficiency

Mode: Proton Physics =
Fills: 1613 - 2261 [475 Fills]
SB Time: 53 days 1 hrs 10 mins OLL#MOT-b2 - 5

BLM_MSK - 38 LBDS-b1 -3
PIC_MSK Left - 3
A - COLL#ENV-b1 - 2
- ALICE_Mag- 1
BLM_UNM - 45 — \ “~Yacuum b1b2? - 1
"'—FMcn_RMsn-hz -1

“Vacuum b2 - 1
\ Programable Dump b2 - perator Buttons - 38

B Access - No beam - 15.78% W Machine setup - 28.01%
B Beam in - 16.37% Ml Ramp + squeeze - 6.74% [l Stable beams: 33.09%

_MSK Right - &

2011
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J Impressive progress in performance. Doomed to level off...

Energy (TeV)

N ( 10! p/bunch) 1.2 1.45 1.6 1.15
k (no. bunches) 368 1380 1380 2808
Bunch spacing 150 75/ 50 50 25
Stored energy (MJ) 25 112 140 362

€ (um rad) 2.4 2.4 2.5 3.75
B* (m) 3.5 1.5>1 0.6 0.55
L (cm2st) 2x1032 3.5x103%  7.6x1033 1034
Beam-beam parameter/IP -0.0054 -0.0065 -0.0069 -0.0033
Average Pile-up @ beg. of fill 8 17 38 26

CERN
\
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2011

2012 IONS

2013 IONS

2014

2015 |RECOMMISSIONING

2016 PHYSICS AT 6.5/7 TeV

2017
~ 300 fb?
2018 LS2
at 6.5-7 TeV
2019
|
2020 “ULTIMATE” PHYSICS

2021

2022

echnical stop or shutdown

Proton Physics HL-LHC

lon Physics

Recommissioning
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Q Consolldate the 13 kA spllces W|th the approved de5|gn of shunt and |nsuIat|on
(re-measure all at warm and re-solder defective ones)

o open 1695 interconnections and redo ~1500 splices
O Install missing DN200 valves, as completion of the compensatory measures in
case of major incident
o 3.5/8 sectors = 612 Valves

 Replace weak magnets (weak insulation, faulty quench heaters, wrong beam

screen, missing correctors) ] ] " -
o 15 dipole and 4 quadrupole magnets Luminosity ~ 10°" cm™s™ at 6.5-7 TeV
Consolidate faulty circuits

R2E mitigation actions = relocate electronics in 3points

O 0O

Install collimators with integrated button BPMs (tertiary collimators and a few

C\ERN S — = © T
22/11/2012 7 I\/I|rI<o POJeI’ — LHC on the March - 20-22 November 2012 IHEP Protvmo
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High
Luminosity
LHC

LSZ 2018

O To avoid off-momentum protons on SC dipoles, DS cryo- colllmatlon with 11 Tin
1 IP; priority NOT yet established: IP1,IP5 or IP2 ? Review in Spring 2013

halo Q7 g Ay QB 45 sy 5 O :
P ueasRr Q9 0 oai0p7 Sumwi 01D missing dipole

g M8 B11R7 \ a1
) M8 A12R7

15’660 (IC to IC plane) 15'660 (IC to IC plane)
6176 (Loy) 6176 (Low)

9 (o) — —

Line X (H.exch.}

5'300 2'265 (collimater) 5'300
S0, Z2SlOlmaen), S300(.),
beam tubes
LineM
= 24 (B.Bar line)

Luminosity ~ 2x1034 cm2s! at 6.5-7 TeV

Vertical SC links in P1, P5 (IT and stand-alone)

Cryogenics P4 = separation between SC . o
magnets and RF cavities cooling circuit
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Ql1,Q10..Q7

Improve triplet cooling =

<jrP8

Some beam diagnostics
Some collimators

(I W Wy
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Tr|plets + D1-D2
TAS + Exp-interfaces

!

New cryo in IP1-IP5 with separation Arc-IR
New MS magnets (Q4-Q5) and correctors
CC cavities with its local cryo

Vertical links for all new magnets IP1-IP5

New collimators Subscale Quadrupole

s Subscale Magnet
A SM

0.3 m long
No bore

I
d
d
d
d
a
a
a

Diagnostics & wigglers (10 Bore §

Technology Quadrupoles A3 . 1.ong Racetrack
TQS, TQC f \ y - | LRS

ngh o
Luminosity
LHC

The HiLumi LHC Design Study (a sub-system of
HL-LHC) is cofunded by the European

¥’ No bore

Commission within the Framework High Field Quadrupole

Programme 7 Capacities Specific Programme, HQ

Grant Agreement 284404 ___CAPACITIES 1 m long
120 mm bore "N
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CHANGING 300xX2 m BOTH ATLAS & CMS (+LHC- & ALICE ...)
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1.2 km of LHC !! Ve B '
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2. Deep change alsos,

1. Deep change in the I!m
matching section: %

. . and interface to detectors;
need to change also this Magnets, collimators  *\_relocation of Power Supply
part, DS in the and CC RN

continuous cryostat

3. For collimation we

LR BB
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Compact cavities aiming at small footprint & 400 MHz, ~5 MV /cavity M ‘ﬁi

IR A HWSR, SLAC-LARP DR, UK, TechX Kota, KEK ﬁ AM—
[— 1 ==y

1
=t Crab Cavity Crab Cavity

Crab Cavity Crab Cavity

 RF crab cavity deflects head and tail in opposite direction so that collision is
effectively “head on” and then luminosity is maximized

O Crab cavity maximizes the lumi and can be used also for luminosity leveling: if
the lumi is too high, initially you don’t use it, so lumi is reduced by the
geometrical factor. Then they are slowly turned on to compensate the proton
burning

O Other tools for levelling:
o dynamic b* squeeze
o transverse offsets at IP
o crossing angle and Long-range and beam-beam wire compensators

s

== S5 == < T‘ = 55>
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HL-LHC OBJECTIVE
O To push the performance above the ultimate, to 5 1034 or more

o If pile up allows it. Today we have 30-35, experiments design upgrade for 140
evt/crossing average with a max of 200/crossing)

o If energy deposition by collision debris in the nearest SC magnets (low.f triplet
quads) allows it

O Use of lumi levelling to maximize integrated luminosity for a given max lumi.
O Final goal is : 3000 fb-! by 10-12 years

S\ 22/11/2012

HL-LHC run
----300fb-1/y ——250fb-1/y

o 3500 R — ~
& 3000 o
'E 2500 - T /’// ngh
3 2000 A= 2 Luminosity
£ 1500 o s LHC
8 1000 I -
£ s00 —" f— el

2023 2025 2027 2029 2031 2033 2035 e

End of Year
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Parameter

N, [10Y]

ny,

I1[A]

Oc¢ [urad]

p* [m]

&, [um]

g [eV s]
IBSh|h ]
IBS 1[h |
Piwinski

F red.fact.
b-b/IP[1073]
Lpeat
Crabbing
Lpeak virtual
Pileup L. =5L,
Eff 7150 days

Nom.

TARGET PARAMETERS
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d The progress in the performance of the LHC has been so far breath-taking

O The LHC is performing incredibly well (even better than expected) an this is
possible thanks to the quality of the design, construction and installation and to
the thorough preparation in the injectors which are delivering beams well
beyond nominal parameters

O A solid upgrade program is in a very mature state, even if the final parameters
will depend on the capacity of the experiments to manage pile-up

Thank you for the attention!
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Reserve slides
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3 out of many possible scenarios...

50 ns 1380 1.7 1.5 2.0 104* ~3
25 ns low emit 2600 1.15 1.4 0.4 1.73 47* ~50
25 ns standard 2800 1.20 2.8 0.5 1.02 25 ~30

(*) leveled down to a pile-up of ~40
Main challenge emittance preservation!!!
Int. L based on 120 days of production, 35% efficiency.

C\E RN
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2.5
L som Standard 25 ns and
Z:; 20 — L 50ns, levelled 50 ns with levelling
5 \ ——L-25ns
g s O Equivalent in integrated
g \ luminosity for fill lengths up
£ o e to 5-6 hours.
\ T e——
0.5 —_— —~ 600
% 00 —IntLlevelled /
0.0 . | | | E ——IntL25 /
0 5 10 15 20 g 400
Time () g . //

e

O Low emittance 25 ns provides

200
higher performance due to /
. . . 100
higher luminosity for same or
lower pile-up. ° . 0 s 2

Time (h)

C\E RN
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O 50 ns beam remains very attractive for high luminosity after LS1:

o Similar peak (levelling) and integrated luminosities due to higher brightness

©)

©)

from injectors

Lower total current and stored energy

Less / no e-clouds,

Less beam induced heating ?

Less long-range collisions (lower crossing angle and [*)

Fewer UFOs? Saw a worrying rate of UFOs with 25 ns beams...TBC.
But at the price of higher pile-up.

Q To limit pile-up, B* levelling is mandatory in ATLAS and CMS with 50 ns
beams (and to some extent with small emittance 25 ns).

©)

Possibly squeeze with colliding beams — good for beam stability !!

O Itis realistic to assume that we start with 50 ns beams, and switch to 25
ns to operate the experiments at lower pile-up
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Q The LHCb Ium|n05|ty is I|m|ted to 4><1032 cm-2s-1 (detector I|m|tat|ons on rate
and pileup).

L The transverse offset D between beams is adjusted regularly while colliding to
maintain a constant luminosity — luminosity levelling.
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JOINT QUALITY

L The copper stabilizes the bus bar in the event of a cable quench ( bypass for

the current while the energy is extracted from the circuit).

O A copper bus bar with reduced continuity coupled to a badly soldered

superconducting cable can lead to a serious incident.

No solder

Solder y

X-ray of joint

gFRN

22/11/2012
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O During repair work in the damaged sector,
inspection of the joints revealed systematic
voids caused by the welding procedure.




14-0ct-2010 15:41:35 Fill #: 1418 Energy: 450 GeV  I(Bl): 5.04e+08 I(B2): 3.91e+08
ATLAS ALICE CMS LHCb

Experiment Status STANDBY STANDBY STANMDBY STANDBY

Instantaneous Lumi (ub.s)~-1 0.0nN N .NNN : 0.000

3566 GeV

Ferformance over the last 24 Hrs = Ulpfated: 15:3R:33

2E13- -

Flat-top adjust.
and squeeze

1E13 I I
S5E12

Pre-injection
flat bottom

1.5E13

Intensity
Energy (Ge\)

Background 1

Injection

STA'B LE BEAMS“E
< All through the cycle -)

Beam dump / Collimations system / Protection devices




a In 2008 attempts to commission the first LHC sector to 7 TeV revealed a
problem on the magnets from one manufacturer.
o The magnets that had been trained on test stands started to quench again.

o The number of quenches increased rapidly beyond 6.5 TeV.

QO Extrapolations showed that the number of training quenches
required to reach 7 TeV is too large.
o Time and risk to the magnets.

O For those reasons we will most likely restart at 6.5 TeV, or slightly above
depending on time and experience during the re-commissioning.

(i_J 1000 e Scaling of production after thermal cycle

j A Scaling/extr. on hardware commissioning

< 800 :

= m Scaling on magnets from 3-4

2 600

(]

S

2 400

S

8 200

IS

> ¢

< 0 L] & n :

5.75 6 6.25 6.5 6.75

Energy (TeV)
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O New ideas and concepts will be |mplemented in the PS to produce beams with

higher intensity and smaller emittance.

O Possible beams after LS1 (not yet demonstrated).

Nominal

PS ejection  Bunches / train

SPS ejection Bunch intensity
Emittance [um]

No bunches in LHC

Relative luminosity

Relative pile-up

CERN
\

22/11/2012

32
1.7-10"
1.5
~1340

2

4.1

24
1.7-10"
1.2
~1300
2.4
5.2
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72
1.2-10"
2.8
2808
1

1

H. Damerau

1 The quoted emittance values (and luminosities) do not include any blowup in
the LHC (presently ~ +0.6 um).




VERY LOW B* (10 ¢ @\

bi:beta™ x/v_ipl-5=11.0/11.0-11.0/11.0

50 :'pﬁb.-':l.!:rem*_:tfv=hl" 7] .".{) 35 62,330 60,330
& 45| Siex  sigy D - S q2 . B
- i "L g
5 40 2] 62.325 L 60,325
” 1 (A (O
e 1 hrumnhm F'Imml' |}Illm|!r||i|'1’|l|'HF|Hf I 62.320 - r 60.320
304! 1 || 1 P07
4 | | 1s .i
2541L, ) L op 62315 - - 60315
20{ --0.7
1S _ 4 62,310 - - 60,310
62.305 - L 60.305
62.300 — W ; 60.300
-0.001'5 -0.0005 0.0005 0.0015
deltap
IR4 IRS IR6
Beam size [mm] and dispersion (IR4->IR6) Tunes vs. §,

at 3.5 TeV (for ye=3.5 um)

O ...of course it requires larger aperture triplets
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Virtual peak

L [10%* cm2s] luminosity (F=1)
/
10 ~ | ' '
/ leveling at
8 | 5x103*cm2s?
leveling at T.4=15h, T,=5h

2.5x1034cm2s! 6 |

T.4=30 h, T,=5 h /

~ W4 r’4
\*
2—--- T,
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THE “SUPER” MAGNETS

— —— _ —

1500 tones (7000 km)
of top quality SC

cables

15000 MJ of magnetic
energy

1800 HTS Leads
' 11 kWW@1.9 K

1800 Power Convertér
~ | from 60 A to 24 kA

annmnooébo
.’MW@%@OOOQOQ _
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LHC Machine: 2.2 G€ (material+external work)
2% 3% 2% Manpower + detector : ca.4G€

3%

O Magnets

W Cryogenics

O Beam dump

O Radio-frequency

W VVacuum

O Power converters

B Beam instrumentation

15%

2%
O Civil Engineering
2% H Cooling & ventilation
3% W Power distribution
1% O Infrastructure & services

O Installation & coordination
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Magnets and magnet componen
Superconductors

actrotechnical equipment

Cryogenics

m
A

o

¢ Power converters
+

4 Vacuum

90 big industrial contracts




TT40 Damage during 2004 High Intensity SPS Extraction

e Goddard B ; Kain, V; Mertens, V ; Uythoven, J ; Wenninger, J

Or what you can do with 2.9 MJ

Figure 4. Damage observed on the inside of the vacuum chamber, on the beam impact side. A groove

approximately 110 cm long due to removed material was clearly visible, starting at about 30 cm from the
entrance.

During high intensity extraction on 25/10/04 an incident occurred in which the vacuum chamber of
the TT40 magnet QTRF4002 was badly damaged. The beam was a 450 GeV full LHC injection batch
of 3.4 103 p+ in 288 bunches, and was extracted from SPS LSS4 with the wrong trajectory

Approx equivalent to 48 bunches of 1 ell at 3.5 TeV

We need an extremely reliable system (HW and SW) to protect the machine in case

0 roblems and th|s system malnly relies on the BIS the LBDS and the colllmators
22/11/2012 Mirko POJer LHC on the March - 20-22 November 2012 IHEP Protvmo



http://cdsweb.cern.ch/search?f=author&p=Goddard, B&ln=en
http://cdsweb.cern.ch/search?f=author&p=Kain, V&ln=en
http://cdsweb.cern.ch/search?f=author&p=Mertens, V&ln=en
http://cdsweb.cern.ch/search?f=author&p=Uythoven, J&ln=en
http://cdsweb.cern.ch/search?f=author&p=Wenninger, J&ln=en

