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1720"Power"converters"
>"9000"magneBc"elements"
7568"Quench"detecBon"systems"""
1088"Beam"posiBon"monitors"
4000"Beam"loss"monitors"

150"tonnes"Helium"
140"MJ"stored"beam"energy"in"2012"
370"MJ"design"and">"500"MJ"for"HLPLHC!"
450"MJ"magneBc"energy"per"sector"at"4"TeV"

"!"≈"10"GJ"total"@"7"TeV"

LHC: big (27km), cold (1.8K), high energy (7 TeV on 7 TeV)
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2PinP1"magnet"design"!"
pPp,"PbPPb"&"pPPb"collisions"
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The highlight of a remarkable year 2012 The$LHC!!!!$
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The$goal$of$High$Luminosity$LHC$$
(HL6LHC)$

The"HLPLHC"physics"programme"has"three"broad"goals""
"

•  Precision$measurements$of"the"strength"and"
structure"of"the"Higgs"boson’s"interacBons"with"
other"parBcles"

•  To"perform"more"accurate"measurements,"with"
more"luminosity"and"with"reduced"staBsBcal"
uncertainty,"on"the"new$parDcles$discovered"so"
far"in"the"LHC.""

•  Search"for"New"Physics:"SUSY,"Dark"Macer"
candidates,"Extra"dimensions"&"exoBc"physics,"
and"study$rare$processes$

These"goals"require"a"significant"increase"in"
luminosity"over"the"exisBng"machine" Higgs$coupling$precisions$for"

300"and"3000"hP1,"with"
different"systemaBc"error"

assumpBons"
ATLASPPHYSPPUBP2013P014"

R."Appleby."IoP"PAB,"8th"April"2016"
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The$goal$of$High$Luminosity$LHC$$
(HL6LHC)$

European strategy for particle physics 2013 update "Europe’s top priority should be 
the exploitation of the full potential of the LHC, including the high-luminosity upgrade 
of the machine and detectors with a view to collecting ten times more data than in 
the initial design, by around 2030”  
 
STFC PPAN 2013 programmatic review "Continued involvement in this [LHC] 
exploration with higher energies and luminosities is the backbone of the UK 
programme" and "R11 - We recommend that the LHC experiments remain the 
highest priorities for the UK particle physics programme."  
 
2014 UK STFC accelerator review, which recommended "R23: The UK HL-LHC 
accelerator community should prepare to seek funding for this project from STFC 
after the end of the EU funded HiLumi Design Study. These preparations should 
include the formal definition of a UK project with a nominated contact person and 
management structure".  
 

R."Appleby."IoP"PAB,"8th"April"2016"



8$

Goal$of$High$Luminosity$LHC$(HL6LHC)$as$
fixed$in$November$2010$

The"main"objecBve"of"HiLumi"LHC"design"dtudy"is"to"determine"a"hardware"
configuraBon"and"a"set"of"beam"parameters"that"will"allow"the"LHC"to"reach"
the"following"targets:"
"
A"peak"luminosity"of"Lpeak"="5×1034$cm62s61$with$levelling,"allowing:"
"
An"integrated"luminosity"of"250$[61$per$year,"enabling"the"goal"of"
Lint$=$3000$[61"twelve"years"aner"the"upgrade.""
This"luminosity"is"more"than"ten"Bmes"the"luminosity"reach"of"the"
first"10"years"of"the"LHC"lifeBme."

From"FP7"HiLumi"LHC"Design"Study"applicaBon"

Concept"of"ulBmate"performance"defined:"
Lult$≅$7.5$1034$cm62s61""and"""UlDmate$Integrated$Lint$ult$∼$4000$[61$""

LHC"should"not"be"the"limit,"should"Physics"require"more…"

R."Appleby."IoP"PAB,"8th"April"2016"
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0.75$1034$cm62s61$
50$ns$bunch$$

high$pile$up$∼40$$

1.5$1034$cm62s61$
25$ns$bunch$$
pile$up$∼40$

1.762.2$1034$cm62s61$
25$ns$bunch$$
$pile$up$∼60$

Technical$limits$to$
lumi$increase$
(Machine$&$
Experiments)$

50$⇒$25$ns$ Pile"up"140P200"

R."Appleby."IoP"PAB,"8th"April"2016"

Note,"some"talk"of"delaying"
EYETS"by"1"year,"extending"
run"2"by"1"year"
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Nominal$upgrade$parameters$$
3000$[61$would$be$reached$in$2037$

~"300"hP1"per"year"
Upgrades"takes"a"long"Bme…"R."Appleby."IoP"PAB,"8th"April"2016"
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HL6LHC$performance$

Ul#mate(lumi((not$yet$studied$in$details)$
P  L(=(5(→(7.5(1034(cm52s51(
P  Int.(L(=(3000(→(4000(:51((
P  Pile(up(µ(∼(200((was(140)(

R."Appleby."IoP"PAB,"8th"April"2016"
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HL6LHC$performance$

Ul#mate(lumi((not$yet$studied$in$details)$
P  L(=(5(→(7.5(1034(cm52s51(
P  Int.(L(=(3000(→(4000(:51((
P  Pile(up(µ(∼(200((was(140)(

"You$see,$most$blokes$will$be$
playing$at$10.$You’re$on$10,$
all$the$way$up,$all$the$way$
up...Where$can$you$go$from$
there?$Nowhere.$What$we$
do,$is$if$we$need$that$extra$
push$over$the$cliff...eleven.$
One$louder."$$
$

R."Appleby."IoP"PAB,"8th"April"2016"
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Luminosity:$the$main$ingredients$

Beam current 

Beam size 

evtevtevtevt LdtNLN σσ ×=×= ∫
•

; Lint 

Levelling! 

R."Appleby."IoP"PAB,"8th"April"2016"
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The$core:$change$of$the$inner$triplet,$triggered$
by$rad6dam$with$leap$in$performance$

Smaller"β*"⇒"larger"IT""aperture""
LHC$has$beier$aperture$than$anDcipated:$now$all$margin$is$used;$however$
seems$very$difficult$$to$have$β*$<$35640$cm$(55$cm$being$the$nominal)$

R."Appleby."IoP"PAB,"8th"April"2016"

300"hP1"is"limit"
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HiLumi:$largest$HEP$accelerator$in$construcDon$

InteracDon$Region$(ITR)$Matching$SecDon$(MS)$Dispersion$Suppressor$(DS)$

ATLAS$
CMS$

>$1.2$km$of$LHC$!!$

Complete$change$and$
new$lay6out$in$IP16IP5$
1.   TAS$
2.   Q16Q26Q3$
3.   D1$
4.   All$correctors$
5.   Shielding$

Complete$change$and$
new$layout$in$IP16IP5$
1.   TAN$
2.   D2$
3.   CC$
4.   Q4$
5.   All$correctors$
6.   Q5$
7.   New$MQ$in$Pt6$
8.   New$collimators$

ModificaDons$
1.   In$IP2:$new$DS$

collimaDon.$
2.   In$IP7$new$DS$

collimaDon$with$11$T$

+$Cryogenics,$ProtecDon,$
SC$Links,$Interface,$
Vacuum,$DiagnosDcs,$
Inj/Extr,$new$infrastruct.$

R."Appleby."IoP"PAB,"8th"April"2016"
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But$work$all$around$the$ring!$

Cryo@P4"

Cryo@P1PP5"

Beam"diagnosBcs"
BGV"

New"TAS"

R."Appleby."IoP"PAB,"8th"April"2016"



Beam$parameters$in$collision$$

Parameter Nominal" 25ns"HLPLHC"

Bunch"populaBon"Nb"[1011]" 1.15" 2.2"

Number"of"bunches 2808" 2748"

Beam"current"[A] 0.58" 1.09"

Crossing"angle"[µrad] 285" 590"

Beam"separaBon"[σ] 9.9" 12.5"

Minimum"β*"[m] 0.55" 0.15"

Normalized"emicance"εn"[µm] 3.75" 2.5"

Virtual"Luminosity"[1034"cmP2sP1] 1.2" 18.9"

Max."Luminosity"[1034"cmP2sP1] 1" 5.30"

Levelled"PilePup/PilePup"density"[evt."/"evt./mm]" 27/0.2" 140/1.2"

Integrated"luminosity"[hP1/year]" 45" 260"

17$
R."Appleby."IoP"PAB,"8th"April"2016"
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The$UK$in$HiLumi6LHC$$
(FP7,$201162015)$

UK"leadership"

UK"involvement"

UK"leadership"

UK"involvement"

R."Appleby."IoP"PAB,"8th"April"2016"



Lead%Engineer/%

Project%manager%

(Burt)%

Spokesperson/

PI%(Appleby)%

Advisory%&%

Oversight%Board%

T.E.A.M.%

(Welsch)%

HLHLHC%

steering%

commiJee%

Project%management%board%

STFC%

WP1% WP2% WP3% WP4%

Tasks%

19$

HL6LHC6UK$

R."Appleby."IoP"PAB,"8th"April"2016"

HiLumiPLHC"design"study"FP7"2011P2015":"UK"
success"and"leadership."

  The"UK"hosted"the"HL5LHC"kickPoff"meeBng"at"
Cockcron"InsBtute"in"November"2013."

  Discussions"with"STFC"for"UK"project"
followed,"with"early"SoI"for"LHCPUK"
SoI"(final"one)"submiced"early"2015"

  Proposal"submiced"in"March"2016"
  CERN"finance"approved"October"2015"
  STFC"finance"approved"March"2016"
  7"UK"insBtutes"as"members"

  £8M"of"UK"and"CERN"funding"over"4"
years,"with"insBtute"and"university"
money"combining"with"STFC"

  A"reflecBon"of"efficient"use"of"resources"
to"leverage,"and"UK"reputaBon"

  Main"UK"acBviBes:"
•  WP1$:$Collima,on$
•  WP2$:$Crab$cavi,es$
•  WP3$:$Diagnos,cs$
•  WP4$:$Cold$powering$

"



Challenge$1$:$CollimaDon$

!  requires collimation during all 
operation stages! 

!  requires careful design/study and 
exploitation of the run 2 beam 

!  requires novel collimation solutions 

!  HL-LHC luminosity implies higher 
leakage from IP & requires additional 
collimators and collimator diagnostics  

 
> 500 MJ of stored energy per beam 

Beam collimation has been considered one of the most critical aspects for the LHC 
-  Cleaning challenge vs quench (fundamental for this target luminosity) 
-  Small gaps challenge, impedance 

SuperconducBng"coil:"
T"="1.9"K,"quench"limit"

~15"mJ"cmP3"

Proton"beam:"145"MJ"
LHC"design:"362"MJ"
HL5LHC:(500(MJ!(

Factor$9.7$x$109$

R."Appleby."IoP"PAB,"8th"April"2016"



Key WP goals to 

•  Deliver metrology enabled active collimator

•  Improve and maintain jaw straightness

•  Develop novel collimation schemes and tools

•  SixTrack / FLUKA developed by CERN

•  MERLIN/FLUKA – developed by Manchester / 
Huddersfield

•  BDSIM – developed by RHUL

•  Increase our understanding of fundamental 
scattering

HiRadMat 
Beams 

Sensor 
module
s 

CollimaDon$simulaDons$and$hardware$
(

Muon background studies in CLIC
A study of muon backgrounds in the Compact Linear

Collider (CLIC) [11], a possible future e+/e� linear col-
lider, has been performed using BDSIM [12]. Halo parti-
cles in linear colliders can result in significant losses and
serious background in the detectors that may reduce the
overall performance. Even if most of the halo is stopped
by collimators, the secondary muon background may still
be significant. It is therefore important to include halo gen-
eration and tracking in collimation studies. Halo and tail
particles were generated by the halo generation code HT-
GEN [13] based on beam gas scattering and inelastic scat-
tering. The particles were tracked through the CLIC lat-
tice using its interface to the tracking code PLACET [14],
which was used for its collimator wakefield implementa-
tion. For particles that hit aperture limits, BDSIM was used
for the detailed interaction with matter and the tracking of
the secondaries towards the detector, where they could be
used as input to the CLIC detector simulations. An inter-
face of PLACET and BDSIM has been created for these
kind of simulations. Particles are tracked alternately in
PLACET and BDSIM [15].

CLIC Post Collision Line
The 1.5 TeV Compact Linear Collider (CLIC) beams,

with a total power of 14 MW per beam, are disrupted at the
interaction point due to the very strong beam-beam effects.
The disrupted beam has a power of 10 MW. Some 3.5 MW
reaches the main dump in the form of beamstrahlung pho-
tons, and about 0.5 MW of e+ and e� coherent pair par-
ticles with a very broad energy spectrum as well as the
lower energy disrupted beam particles need to be disposed
of along the post collision line. Background and energy
deposition studies were developed using BDSIM [16].

Several shielding configurations for the special C-shaped
magnets, see Fig. 4 have been tested to calculate their mag-
net lifetime. The results indicated that further improve-
ments may be required if the magnets are to survive in the
CLIC post-collision line radiation environment for a suffi-
cient length of time.

!"#$%&' %( %)& *+,* "('% *(++,',(- +,-&

!" #" $%&'() �* #+,-* .%)%/&* 01234%56&)7

!"#$%&'$
89% :"; 8%< #(=>&'3 !2)%&5 #(6627%5 ?#!@#A B%&=C*

1239 & 3(3&6 >(1%5 (D :E FG >%5 B%&=* &5% 72C5H>3%7 &3 39%
2)3%5&'32() >(2)3 7H% 3( 39% /%5I C35()J B%&=KB%&= %DD%'3"
89% 72C5H>3%7 B%&= 9&C & >(1%5 (D :L FG" 0(=% M"; FG
5%&'9%C 39% =&2) 7H=> 2) 39% D(5= (D B%&=C35&96H)J >9(K
3()C* &)7 &B(H3 L"; FG (D %+ &)7 %� '(9%5%)3 >&25 >&5K
32'6%C 1239 & /%5I B5(&7 %)%5JI C>%'35H= &C 1%66 &C 39%
6(1%5 %)%5JI 72C5H>3%7 B%&= >&532'6%C )%%7 3( B% 72C>(C%7
(D &6()J 39% >(C3 '(662C2() 62)%" #&6'H6&32()C D(5 39% %)K
%5JI 7%>(C232() 2) 39% =&J)%3 '(26C &)7 39% 5%CH632)J =&JK
)%3 62D%32=%C D(5 /&52(HC C92%672)J '()!JH5&32()C &5% >5%K
C%)3%7"

,-%.(#!*%,(-
NC 7%C'52B%7 2) O:P* 39% =H632K8%<* )&)(=%35% B%&= C24%

'(662C2()C &3 #!@# 6%&7 3( B%&=KB%&= %DD%'3C CH'9 &C 72CK
5H>32() (D 39% =&2) B%&=* >5(7H'32() (D B%&=C35&96H)J
>9(3()C &)7 '(9%5%)3 >&25 >5(7H'32()" N '()'%>3H&6 7%C2J)
D(5 & >(C3K'(662C2() 62)% O:P OQP 1&C >5(>(C%7 3( 35&)C>(53
39% C>%)3 B%&= &)7 &CC('2&3%7 >&532'6%C 3( 39% 7H=>* =2)K
2=2C2)J 6(CC%C 19%5% 5%RH25%7* &)7 =2)2=2C2)J 39% B&'SK
C'&33%5 (D >&532'6%C 3( 39% 7%3%'3(5"

T5(= 39% 2)3%5&'32() >(2)3 ?@UA* 39% C>%)3 B%&= >&CC%C
395(HJ9 QV"; = (D 752D3 C>&'% B%D(5% %)'(H)3%52)J !/% /%5K
32'&66I B%)72)J 72>(6% =&J)%3C 3( >5(/27% C%>&5&32() B%K
31%%) %6%'35()CW>(C235()C (D (>>(C23% '9&5J% &)7 B%&=K
C35&96H)J >9(3()C" 8( >5(3%'3 39%C% =&J)%3C* '&5B()KB&C%7
>5(3%'32() &BC(5B%5C C'5&>% 39% B%&=" @) OMP 23 1&C 5%>(53%7
39&3 '9&)J2)J 39% =&3%52&6 (D 39% =&CSC (D 39% !5C3 D(H5
=&J)%3C D5(= '&5B() 3( 25() 1(H67 2=>5(/% 39%25 C92%672)J*
%X3%)72)J 39%25 62D%32=% BI H> 3( V 32=%C" @3 1&C 5%>(53%7
39&3 %X3%)72)J 39% 2)3%5=%72&3% 7H=> BI Q= 2=>5(/%7 39%
62D%32=%C (D 39% #KC9&>%7 =&J)%3C &D3%5 39% 7H=> BI &B(H3
& D&'3(5 (D Q" @) 392C >&>%5 2=>5(/%7 =&J)%3 62D%32=% '&6K
'H6&32()C &5% >5%C%)3%7* 2) 192'9 39% >%&S %)%5JI 7%>(C23
2) 39% '(26 2)CH6&32() 2C '()C27%5%7* &)7 =(5% 7%3&26%7 &)7
&''H5&3% =(7%6C (D 39% =&J)%3 '(26C &)7 39% 2)3%5=%72&3%
7H=> &5% HC%7" <&52(HC C92%672)J '()!JH5&32()C &5% 39%)
%/&6H&3%7 B&C%7 () 392C =(7%6"

89% =&J)%3C &5% )H=B%5%7 2) 39% D(66(12)J 1&IY =&JK
)%3C :&* :B &)7 QKE &5% 39% 12)7(1 D5&=% =&J)%3C H>C35%&=
(D 39% 2)3%5=%72&3% 7H=>" F&J)%3C ;KZ &5% 39% #KC9&>%7
=&J)%3C 7(1)C35%&= (D 39% 2)3%5=%72&3% 7H=>"

.$#,$%,(- #$/$0&
89% 5&72&32() 9&57)%CC%C (D /&52(HC =&J)%3 '(26 2)CH6&K

32() =&3%52&6C 9&/% B%%) /%52!%7 B(39 %X>%52=%)3&66I &)7
� 6"7%&'()['%5)"'9

(>%5&32()&66I 2) =&J)%3C &3 /&52(HC #+,- &''%6%5&3(5C OEP"
\)% (D 39% =(C3 '(==()6I HC%7 =&3%52&6C 2C !B5%J6&CC
5%2)D(5'%7 %>(XI 5%C2)" 89% =&3%52&6 C%6%'32() 2C B&C%7
() =%'9&)2'&6 >5(>%532%C* 5&72&32() 5%C2C3&)'% &)7 (>32=&6
>5(>%532%C D(5 /&'HH= 2=>5%J)&32()" ]C2)J & 3I>2'&6 !K
B5%J6&CC 2=>5%J)&3%7 %>(XI 5%C2) OEP* &)7 &CCH=2)J & 6(1
2)C3&)3&)%(HC 7(C% O;P* 1% &CCH=% 39&3 39% =&X2=H= 7(C%
39&3 39% =&J)%3 '(26C '&) 1239C3&)7 2C 107 .I"

!"#$%&' %( ',/!+$%,(-
89% F()3% #&56( '(7% .+N-8E O^P 1&C HC%7* 1239 '(6K

62C2() 7&3& J%)%5&3%7 HC2)J .]@-+NKU@. OVP" .+N-8E
1&C 2)3%5D&'%7 HC2)J _$0@F OZP" @=>5(/%=%)3C 3( 39% C2=K
H6&32() =(7%6 (D 39% >(C3 '(662C2() 62)% &5% (H362)%7 2) 39%
D(66(12)J C%'32()C"

()*+)$%,
89% =&2) 7H=> 2C %)'&C%7 2) & '()'5%3% 'I62)7%5 1239

: = 392'S 1&66C 2) (57%5 3( C92%67 D5(= B&'S C'&33%52)J D5(=
12392) 39% =&2) 7H=>" N 9(6% 2C 6%D3 &3 39% D5()3 D(5 39%
2)'(=2)J B%&= 62)%"

U5%/2(HC6I* 2) 39% #KC9&>%7 =&J)%3C 1% &CCH=%7 & H)2K
D(5= !%67" 892C !%67 ()6I %X2C3%7 12392) 39% /&'HH= >2>%"
@) (57%5 3( B%33%5 C2=H6&3% 39% 35&`%'3(52%C (D >&532'6%C B(39
2)C27% &)7 (H3C27% 39% B%&= >2>% ?39% 6&33%5 '(H67 B% 2=K
>(53&)3 D(5 '&6'H6&32)J 39% %)%5JI 7%>(C232() 2) 39% =&J)%3
'(26CA* & 5%&62C32' !%67 =&> 1&C J%)%5&3%7 D5(= 39% =&J)%3
7%C2J) '(/%52)J 39% %)325% =&J)%3* 2)'6H72)J D52)J% !%67C"

89% =&J)%3 '(26C 1%5% =(7%66%7 &C C9(1) 2) T2JH5% :*
B&C%7 H>() OaP* &C B6('SC (D %>(XI 5%C2) 1239 'I62)7%5C (D
'(>>%5 2)C27%* 5%>5%C%)32)J 39% 2)CH6&32() &)7 39% '&B6%C"
89% '&B6%C &5% :^ == 2) 72&=%3%5 &)7 ML == &>&53" 89%
=&3%52&6 >5(>%532%C (D 39% %>(XI 5%C2) &5% J2/%) 2) OEP"

N >2'3H5% (D =&J)%3 ; 2C C9(1) 2) T2J" :" 89% =&J)%3 2C
=&7% (D & 6&5J% 25() I(S% ?5%7A 1239 '(26C 12)72)J &5(H)7
39% >(6% %)7C ?(5&)J%A"

T2JH5% :Y #KC9&>%7 =&J)%3 C2=H6&32() 1239 7%3&26%7 '(26
J%(=%35I" !%D3Y & C%'32() (D 39% '(26" 89% '(>>%5 '&B6%C &5%
C9(1) 2) J5%%)* &)7 39% 2)CH6&32() 2C 2) (5&)J%" ,2J93Y 89%
=&J)%3 I(S% ?5%7A* '(26C ?(5&)J%A &)7 B%&= >2>% ?J5%IA"

Proceedings of IPAC2012, New Orleans, Louisiana, USA TUPPR020

01 Circular and Linear Colliders
A03 Linear Colliders

ISBN 978-3-95450-115-1
1855 C

op
yr

ig
ht

c �
20

12
by

IE
EE

–
cc

C
re

at
iv

e
C

om
m

on
sA

ttr
ib

ut
io

n
3.

0
(C

C
BY

3.
0)

—
cc

C
re

at
iv

e
C

om
m

on
sA

ttr
ib

ut
io

n
3.

0
(C

C
BY

3.
0)

Figure 4: C-shaped CLIC post-collision line magnet sim-
ulation with detailed coil geometry. Left: a section of the
coil where the copper cables are shown in green, and the in-
sulation is in orange. Right: The magnet yoke (red), coils
(orange) and beam pipe (grey).

In addition, luminosity monitoring using the post-
collision line was investigated. For this study the Geant4
physics process named ’QGSP-BERT-HP’ was modified to
enhance the cross-sections for the resulting muons in order
to be able to study muon signal in particular.

LHC
In the future the Large Hadron Collider (LHC) will be

upgraded for high luminosity (HL-LHC) [17] with an order
of magnitude increase in luminosity. Such an increase will
require precise knowledge of the energy deposition in the
accelerator itself for protection of the cryogenic systems.
To this end, BDSIM has been recently modified to simulate
proton transport and energy losses. The magnetic descrip-
tion of the lattice has been used from MADX to construct
the ring and the generic component library used while con-
version of the existing machine geometry in the FLUKA
geometry description to that of Geant4 is undertaken. A
segment of the beamline from the current simulations us-
ing generic magnetic components is shown in Figure 5.

Figure 5: Progressive zoom of part of the LHC beam line
showing the geometry built from the generic component
library.

With 20 protons simulated for 5 turns the tracking gives
the plots shown in Figures 6 and 7.

The LHC is a particularly complex example for BDSIM,
both in terms of the multi-turn tracking, but also as little
of the beam geometry description is available in a Geant4
compatible format.

FUTURE PLANS
BDSIM is an accepted tool for single pass machine sim-

ulations, such as the ATF/ATF2, ILC and CLIC. Particle
backgrounds at these machines mainly impact the diagnos-
tics systems, collimation system and the low-� interaction
region. The beam instrumentation that will measure Comp-
ton scattered photons, like laserwires, Shintake monitors
and polarimeters will all require an accurate simulation of
the background environment for successful operation.

For use at the LHC various enhancements and upgrades
are required. The first is in the accelerator particle tracking,

Beam


Absorber


Crystal �
� ??

?


Crystal-based collimation�
�
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collimator"
proton 

losses 

elastic 

diffractive 

Advanced$scaiering$theory$
(

Now"being"used"to"predict"loss"pacerns"in"HLP
LHC,"FCCPhh"and"being"incorporated"into"Pythia"

R."Appleby."IoP"PAB,"8th"April"2016"



CollimaDon$simulaDons$:$MERLIN$
(

P>"Now"established"
alongside"Sixtrack"(CERN)"
for"loss"map"producBon"
and"collimaBon"layout"
study"(topPright)."
"
P>"Loss"maps"with"new"
scacering"physics"now"at"
4"TeV"and"6.5"TeV,"with"
good"predicBon"of"BLM"
loss"pacerns."
"
P>"Used"for"forward"
showers"from"TCLs"
"
P>"Now"applied"to"
transverse"halo"diffusion"
using"hollow"electron"
lenses"(bocomPright)"
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CollimaDon$simulaDons$:$BDSIM$
(

Stephen Gibson

SixTrack$/$BDSIM$
BDSIM"P>"Fast"vacuum"tracking"with"Geant4"for"interacBons"with"machine."Full"energy"loss"from"showers"
and"secondaries"tracked"throughout"the"accelerator.""

Though" development" of" BDSIM" is" outside" HLPLHCPUK" scope," the" plan" is" to" use" tool" for" lossPmap" and"
experimental"background"studies."
$
Comparison$with$BLM$data$in$IR7$region:$
Data"from"R."Bruce"et"al,"Phys."Rev."ST"Accel."Beams"17,"081004"(2014)"

11 

Comparison with BLM data!
•  Zoom of IR7!
� Data from R. Bruce et al, Phys. Rev. ST Accel. Beams 17, 081004 

(2014)!

L. Nevay!

13 

Comparison with BLM Data!
•  Data from R. Bruce et al, Phys. Rev. ST Accel. Beams 17, 081004 (2014)!

SixTrack!

Beam Loss Monitors!

BDSIM!

R."Appleby."IoP"Beams,"8th"April"2016"



•  Crab"caviBes"are"proposed"to"provide"bunch"rotaBon"
to"give"a"geometric"overlap"with"the"required"crossing"
angle"at"HLPLHC"

•  Without"crab"caviBes"the"beam"would"lose"50%"of"the"
luminosity"and"would"have"a"greater"pilePup"density."

•  They"have"not"been"tested"on"hadron"beams."

"

•  The""SRF"crab"caviBes"need"3MV"per"cavity"and"32"
caviBes"are"required."

•  A"proof"of"principle"test"is"planned"on"the"SPS"beam"at"
CERN"before"LS2."To"understand"cavity"behaviour,"
beam"dynamics,"LLRF"and"machine"protecBon"issues."

•  UK"will"help"test"the"SPS"test"cryomodule"

•  A"prePseries"cryomodule"prototype"will"be"designed"
and"built"to"the"LHC"specificaBon."

"

effective cross section 

F(β*)

Challenge$2$:$Crab$CaviDes$

25 
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"  Design"of"cryomodules"well"advanced""

"  Common"effort"between"UK,"CERN"and"USPLARP"

HL6LHC$Crab$Cryomodule$and$caviDes$

2$x$double$Quarter$Wave$

HLPLHCPUK"is"leading"
development"of"all"magneBc"
and"thermal"shields"plus"the"
blade"support"structure."

R."Appleby."IoP"PAB,"8th"April"2016"

4 Rod 

Cavity"meets"the"goal"of"3"MV/m"
without"Q"degradaBon"



Challenge 1:
•  Crab-cavities will rotate the bunches
•  A method to accurately measure the bunch rotation 

is required.
•  Conventional BPMs have insufficient bandwidth for 

single pass, intra-bunch measurements. 
•  A new technology is needed:

`

Electro-optic crystals as the BPM pickup
The electric field of the passing bunch induces a 
polarization change in the crystal that is readout with 
<50ps time resolution to derive the transverse position 
along the bunch. Measured with a polarised laser

Challenge$3$:$DiagnosDcs$

27$

Precise measurement of beam parameters is essential. The LHC is equipped with an extensive array 
of beam diagnostics that has played a major role in commissioning, rapid intensity ramp-up and safe 
and reliable operation of the accelerator. The HL-LHC presents new challenges: 

Challenge 2: 
•  The unprecedented stored beam energy would 

damage conventional diagnostics and/or disrupt 
the particle beam.

•  Non-invasive diagnostics are required to measure the 
beam profile and beam halo.

 Gas-jet based beam profile monitor
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A supersonic jet of neutral 
gas is shaped into a thin 
sheet and injected with a 
45o tilt across the particle 
beam.

Ions produced accelerate 
toward a phosphor screen, 
to monitor profile
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DiagnosDcs$
(

Task 2: Gas-jet based beam monitor 

e- gun 
(= main  
beam) 

Extraction 
electrodes 

Phosphor 
coated 
window 

MCP Gas jet chamber at CI 
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Task 1: Electro-Optic BPMs 

P A 
Grin lens 

EO 
crystal 

P A 
Grin lens 

EO 
crystal 

bunch 

beam pipe 

from laser 
to detector 2 

from laser 
to detector 1 (a)!

Installed$in$the$CERN$SPS$
accelerator$in$February$2016!$
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Transport of unprecedented high-currents (|Itot| ~ 200 kA) via superconducting electrical 
transmission lines (SC-Links) consisting of HTS cables  

Developing a novel Cold Powering Systems relying on cooling with He gas  
 (cheaper and much smaller heat transfer coefficient) 

Required for powering the HL-LHC Triplets and the Matching Sections at P1/P5 
•  Four high power SC-Link (200kA-5 kV, total individual cables up to 20kA) 
•  Allows power converters to be located at surface or in the new underground 

cavern for Hi-Luminosity equipment 
 

Long term and sustainable solution of R2E problems by remote powering  
•  Increasingly relevant to higher luminosity at higher energy 
•  Towards a full ALARA approach for radiation protection 

Challenge$4$:$Availability$6$SC$links$$$
⇒$removal$of$$DFBs$from$tunnel$to$surface$
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Summary$
•  The HL-LHC-UK accelerator programme is focused, in order to create critical 

mass, on four key areas as part of the HL-LHC upgrade where the UK has 
existing expertise:  

•  Development of the collimators 

•  SCRF crab cavities 

•  Diagnostics 

•  Superconducting links for remote powering 

•  Each work package builds upon the design effort undertaken as part of the 
HiLumi-LHC project, and capitalises on UK strengths to develop the first 
prototypes for HL-LHC. So real hardware. 

•  CERN will provide considerable money – value for money for STFC 

•  The project will also allow leadership roles in HL-LHC, create collaborative links 
between the UK institutions, build a strong skill base and underpin the particle 
physics exploitation of the LHC.  

•  Our kick-off meeting is 21st April at CI – please come along if interested! 

R."Appleby."IoP"PAB,"8th"April"2016"



OctP98" USPDOE"InsBtutes"CDP"(Nb3Sn"for"accelerators"and"LHC"up)"
JulP01" DecP02"WG"on"LHC"upgrades"(F."Ruggiero)"

MayP03" Start"FP6PCAREPNED"(Nb3Sn)"&"HHH"(study"lumi"upgrade)"
JunP03" OctP04" LHC"Upgrade"goal"defined"P"LARP"proposal"and"LARP"start"

AprP05" ObjecBve"of"long"90"mm"Nb3Sn"Quad"by"2009"fixed"by"LARP"
MarP05" DecP06" LHC"upgrade"studies"(FP6PCAREPHHH)""
JulP06" OctP06" EU"HEP"strategy"Lisbon"and"then"Aymar"White"Paper"approved"

AprP07" Upgrade"LHC"Phase"I"P"High"Field"Magnets"(for"Phase"II)"
MayP08" Start"EuCARD"(with"HFM"Fresca2"as"WP7)"
AprP09" Technology"decision"in""LARP"(bladder"and"keys)"for"Quads"
SepP09" LQ01"(90mm,"3.6"m"long)"fulfill"the""LARP"goal"(200T/m"@"1.9"K)"
Jan610$ Chamonix$workshop:$new$strategy$to$maximize$LHC$output$
Jun610$ High$Luminosity$LHC:$one$project$to$coordinate$all$upgrades$$
JulP10" Mandate"to"L."Rossi"by"D.A.T."to"set"up"FP7PDesign"Study"

31$

High"Luminosity"LHC:"the"(preP)history"

L."RossiP5th"Annual"MeeBng"PCERN"26Oct15"



JulP10" Mandate"to"L."Rossi"by"D.A.T."to"set"up"FP7PDesign"Study"
NovP10" ApplicaBon"FP7PHiLumi"LHC"Design"Study"
DecP10" InsBtuBon"of"the"HLPLHC"as"a"(design"study)"project"by"D.A.T.""
Mar611$ Approval$FP76HiLumi$LHC$Design$Study$
AprP11" CERN"internal"kickPoff"meeBng"of"HiLumi"
NovP11" Start"of"FP7"DS"and"1st"General"MeeBgn"@"CERN"
JulP12" Document"CERNPATSP2012P236"describing"HLPLHC"for"EU"strategy"
JulP12" Decision"MQXF"(IT"quad)"aperture"150"mm"

NovP12" 2nd"General"MeeBng"@"FrascaB"
May613$ HL6LHC$1st$Priority$in$EU$strategy$update(Council$@$Brussels)$
MayP13" InternaBonal"Review"on"CollimaBon"
JunP13" ParBal"inserBon"of"HLPLHC"budget"in"the"MTP"
OctP13" RLIUP"(Review"of"LHC"and"Inj"Upgrade"Plans"by"CMAC)"
OctP13" First"HLPLHC"detector"ECFA"workshop"
Nov613$ HL6LHC$Project$kick6off$and$3rd$General$meeDng$@$Daresbury$
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HiLumi"LHC:"project"Milestones"P"1"

L."RossiP5th"Annual"MeeBng"PCERN"26Oct15"



MayP14" InternaBonal"Review"on"CC"@BNL"(w/LARP)"
JunP14" MTP"CERN"insert"90%"HLPLHC"budget"
OctP14" InternaBonal"Review"on"MQXF"Nb3Sn"Conductor"@"CERN"(w/"LARP)"
NovP14" 4th""General"MeeBng"@"KEK""
NovP14" Preliminary"Design"Report"(PDR)"
DecP14" InternaBonal"Reviews"on"MQXF"(w/LARP)"and"MBH"design"@"CERN"
Mar615$ Cost$&$Schedule$Review$@$CERN$by$CMAC$(endorsing$budget&Dme)$
JunP15" Decision"for"C.E.""Underground""opBon"Þ"new"schedule"(VibraBons)"
Sep615$ MTP$CERN$incorporate$revised$HL6LHC$in$its$budget$(full$CtC)$
OctP15" 5th"General"MeeBng"marking"end"FP7PHiLumi"LHC"DS"–"TDR_v0"

33$

HiLumi"LHC:"project"Milestones"P"2"

L."RossiP5th"Annual"MeeBng"PCERN"26Oct15"
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How$to$make$this$jump?$

•  New"IRPquads"Nb3Sn"(inner"
triplets)"

•  New"11"T"Nb3Sn"(short)"
dipoles"

•  CollimaDon$upgrade$
•  Cryogenics$upgrade$
•  Crab$CaviDes$
•  Cold"powering"
•  Machine"protecBon"
•  Enhanced$diagnosDcs$

•  Obtain"about"3"P"4hP1/day"(40%"
stable"beams)"

•  ~250"to"300"hP1"per"year."

R."Appleby."IoP"PAB,"8th"April"2016"
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Challenge$4$:$Availability$6$SC$links$$$
⇒$removal$of$$DFBs$from$tunnel$to$surface$

2×150$kA$

1$pair$700$m$50$kA$–$LS2$
4$pairs$300$m$150$kA$(MS)–$$LS3$$
4$pairs$300$m$150$kA$(IR)$–$LS3$

R."Appleby."IoP"PAB,"8th"April"2016"
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But$work$all$around$the$ring!$

Cryo@P4"

Cryo@P1PP5"

Beam"diagnosBcs"
BGV"

New"TAS"

R."Appleby."IoP"PAB,"8th"April"2016"
R."Appleby."IoP"PAB,"8th"April"2016"



Final decision on 
installation to be 
taken based on 
Run 2 experience 

Ion physics debris:  
DS coll. + 11T dipoles 

Cleaning: DS coll. + 11T 
dipoles, 2 units per beam 

  

Low-impedance, high 
robustness secondary 
collimators 

IR1+IR5, per beam: 
     4 tertiary collimators 
     3 physics debris 
collimators 
     fixed masks 
Completely new layouts 
Novel materials. 


