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Abstract 
T h is paper provides an overview of  issu es arising  at th e 

interf ac e b etween th e L H C m ac h ine and th e ex perim ents.  
T h ese issu es will b e req u ired to g u ide th e interac tion b etween 
th e c ollider and th e ex perim ents wh en operation of  th e L H C 
c om m enc es.  I n partic u lar, an analy sis of  sig nals and 
param eters to b e ex c h ang ed b etween th e ex perim ents and th e 
ac c elerator will b e presented.  Em ph asis will b e plac ed on 
ob servab les th at c an provide a m easu re of  th e L H C m ac h ine 
operating  c onditions f or th e ex perim ents, and th at c an b e u sed 
b y  th e ex perim ents to g ive f eedb ac k  to th e m ac h ine operation 
as well as to protec t th eir detec tors ag ainst dam ag e f rom  
spu riou s operating  c onditions of  th e m ac h ine.  

I .  I N TR O D U C TI O N  
A T L A S and CM S are c onstru c ting  g eneral-pu rpose 

detec tors in order to ex ploit th e f u ll disc overy  potential of  th e 
L H C m ac h ine.  T h eir prim ary  aim  is to disc over th e H ig g s 
b oson, to ex plain th e partic le m ass sc ale, and to searc h  f or 
oth er new partic les su c h  as th ose f rom  Su persy m m etry .  T h ey  
will b e operational du ring  th e initial lower lu m inosity  ru nning  
as well as at th e h ig h est lu m inosity  th at will b e availab le f rom  
th e m ac h ine.   

T h ese ex perim ents req u ire h ig h  averag e lu m inosities and 
very  reliab le operation so th at a su f f ic ient nu m b er of  rare 
events are rec orded to estab lish  a disc overy .  T h e h ig h  
lu m inosities sh ou ld b e c ou pled with  low b ac k g rou nds b oth  
f rom  th e ex perim ent itself  and f rom  th e m ac h ine.  

A L I CE is a g eneral-pu rpose h eavy -ion ex perim ent wh ic h  
is desig ned to stu dy  th e ph y sic s of  strong ly -interac ting  m atter 
and th e q u ark -g lu on plasm a in P b -P b  c ollisions.  T h e A L I CE 
ph y sic s prog ram m e also inc lu des th e stu dy  of  proton-proton 
c ollisions at start-u p, to c om m ission and c alib rate th e 
ex perim ent with  b eam , and proton-P b  and lig h ter ion 
c ollisions later.  P roton-P b  ru nning  is req u ired to b enc h m ark  
th e standard nu c lear ef f ec ts and to disentang le ef f ec ts of  th e 
h ot/ dense m ediu m .  

Sinc e th e T im e P roj ec tion Ch am b er ( T P C)  detec tor of  
A L I CE c an h andle m any  th ou sands of  sim u ltaneou s partic les 
b u t only  at relatively  low event rates, th e lu m inosity  req u ested 
b y  A L I CE is 10 27 c m -2 s-1 f or P b -P b  and < 3 ×10 3 0  c m -2s-1 f or 
p-p ru nning .  T h e latter will b e provided du ring  norm al h ig h  
intensity  proton ru nning  f rom  h alo-h alo c ollisions with  b eam  
c entres separated b y  ≥ 4 σ .  W ith  su c h  a relatively  low sig nal, 
A L I CE will b e sensitive to b ac k g rou nds du ring  p-p ru nning , 
in partic u lar b eam -g as at th e c ollision point and th e u pstream  
straig h t sec tion.  

T h e L H Cb  ex perim ent is desig ned to provide prec ision 
m easu rem ents of  CP  violation in B  m esons, one of  th e m aj or 
issu es of  th e Standard M odel.  T h e ex perim ent will ex ploit th e 
larg e nu m b er of  dif f erent B  m esons produ c ed at th e L H C with  
an ef f ic ient trig g er and partic le identif ic ation.  D u e to its h ig h  
trig g er ef f ic ienc y  and th e req u irem ent of  only  one p-p 
c ollision per b u nc h  c rossing , L H Cb  req u ires only  ab ou t 2%  of  
th e u ltim ate m ac h ine lu m inosity , i. e.  ~ 2 × 10 3 2 c m -2 s-1 at a β *  
of  25  m .  T h is will perm it th e ex ploitation of  th e ex perim ent’ s 
ph y sic s potential f rom  th e very  b eg inning  of  L H C operation.  

D u e to th e relatively  low lu m inosity , L H Cb  is sensitive to 
m ac h ine b ac k g rou nd ( h adrons and m u ons)  arising  f rom  th e 
b eam -h alo and b eam -g as c ollisions in th e u pstream  residu al 
g as.  T h is is in addition to th e dom inant sec ondary  partic le 
b ac k g rou nd at th e I nterac tion P oint ( I P )  as f or A T L A S and 
CM S.  

F inally , T O T EM , to b e installed at P oint 5 , will m easu re 
th e elastic  and inelastic  sc attering  to dedu c e th e total p-p c ross 
sec tion wh ic h  is of  interest b oth  f or stu dy ing  th e th eory  of  
strong  interac tions and f or th e ac c u rate m easu rem ent of  th e 
L H C lu m inosity .  

T h e f ollowing  spec ial c onditions are req u ired f or th e 
T O T EM  ru ns:  

� Sm all diverg enc e b eam s ( β *  of  110 0  m ) .  
� D etec tors will b e plac ed very  c lose to th e b eam s in 

Rom an P ots in th e warm  straig h t sec tions of  th e 
m ac h ine.  

� T o avoid m u ltiple sc attering , dedic ated ru ns with  
only  36  b u nc h es will b e needed and th is tog eth er 
with  th e h ig h  β *  g ives a lu m inosity  of   ~ 10 28 c m -2 s-1 .   

� No c rossing  ang le with  th is spec ial optic s.  
 
T h e lay -ou t of  th e L H C is sh own in F ig u re 1.  T h e 

ex perim ental insertions h osting  A T L A S, A L I CE, CM S ( and 
T O T EM )  and L H Cb  are loc ated at P oints 1, 2, 5 , and 8 , 
respec tively .  P oints 3, 4 , 6 , sand 7  are dedic ated m ac h ine 
insertions and will h ou se th e c leaning  sec tions, RF  and b eam  
du m ps.  

T h is paper presents som e of  th e issu es b eing  disc u ssed 
c u rrently  at th e interf ac e b etween th e L H C m ac h ine and 
ex perim ents.  A f ter reviewing  th e L H C operation param eters 
in Sec tion I I , th e report analy ses in Sec tion I I I  th e 
req u irem ents f or th e data ex c h ang e b etween th e m ac h ine, 
ex perim ents and tec h nic al servic es.  Sec tion I V  presents th e 
radiation f ield and b eam s losses in c onnec tion with  th e 
elec tronic s and protec tion of  eq u ipm ent.  T h e c onc lu sions are 
g iven in Sec tion V .  



 
 
 
 
 
  

 
 
 
 

                    
              
 

 
               F i g u r e  1 :   L a y -o u t  o f  t h e  L H C  
 
T h e  p a p e r  i s  b a s e d  o n  d i s c u s s i o n s  i n  w o r k i n g  g r o u p s  a n d  

c o m m i t t e e s ,  i n c l u d i n g  t h e  A d -h o c  L H C  M a c h i n e -E x p e r i m e n t  
P a r a m e t e r  a n d  S i g n a l  E x c h a n g e  W o r k i n g  G r o u p  [ 1 ] ,  t h e  L H C  
E x p e r i m e n t  M a c h i n e  I n t e r f a c e  C o m m i t t e e  ( L E M I C )  [ 2 ]  a n d  
t h e  L H C  C o m m i s s i o n i n g  C o m m i t t e e  ( L C C )  [ 3 ] .  

II. L H C  M A C H IN E  O P E R A T IO N  

A. M a c h i n e  P a r a m e t e r s  
T h e  c o n s t r u c t i o n  o f  t h e  L H C  i s  w e l l -u n d e r w a y ,  a s  i s  t h e  

i n s t a l l a t i o n  o f  t h e  f i r s t  e q u i p m e n t  a n d  s e r v i c e s .  T h e  L H C  r i n g  
i s  s c h e d u l e d  t o  b e  c o m p l e t e  i n  Q 4  o f  2 0 0 6 .  F o l l o w i n g  a  p e r i o d  
o f  c o o l -d o w n  a t  t h e  e n d  o f  2 0 0 6 ,  t h e  m a c h i n e ’ s  s y s t e m s  w i l l  
b e  c o m m i s s i o n e d  i n  Q 1  o f  2 0 0 7 .   

Table 1:  L H C  M ac h i n e P ar amet er s  f o r  P r o t o n  O p er at i o n  
Parameter U n i ts  N o mi n al  U l ti mate 

N u mber  o f  B u n c h es   2 8 0 8  2 8 0 8  
B u n c h  S p ac i n g  n s  2 5  2 5  

P r o t o n s  p er  B u n c h  10 11 1. 1 1. 7 
Av er ag e B eam C u r r en t  A 0 . 5 6  0 . 8 6  
N o r m.  Tr an s .  E mi t t an c e µm 3 . 75  3 . 75  
L o n g i t u d i n al E mi t t an c e eV . s  2 . 5  2 . 5  

P eak  R F  V o lt ag e M V  16  16  
R F  F r eq u en c y  M H z  4 0 0  4 0 0  

r . m. s .  B u n c h  L en g t h  c m 7. 7 7. 7 
r . m. s  E n er g y  S p r ead  10 -4 1. 1 1. 1 
I B S  E mi t t an c e G r o w t h   h r  115  76  

B et a at  I P 1-I P 5  m 0 . 5  0 . 5  
F u ll C r o s s i n g  An g le µ r ad  3 0 0  3 0 0  
L u mi n o s i t y  R ed u c t i o n  
d u e t o  C r o s s i n g  An g le 

 0 . 8 1 0 . 8 1 

L u mi n o s i t y  at  I P 1-I P 5  10 3 4 c m-2 s -1 1. 0  2 . 3  
 

T h e  p a r a m e t e r s  f o r  m a c h i n e  o p e r a t i o n  f o r  p r o t o n  r u n n i n g  
a r e  g i v e n  i n  T a b l e  1 ,  w h i l e  t h o s e  p e r t a i n i n g  p a r t i c u l a r l y  t o  t h e  
P b -i o n  o p e r a t i o n  a r e  p r e s e n t e d  i n  T a b l e  2 .  
 

T a b l e  2 :    L H C  M a c h i n e  P a r a m e t e r s  f o r  P b -i o n  O p e r a t i o n  
Parameter U n i t N o mi n al  

E n er g y  p er  C h ar g e TeV  7 
I o n s  p er  B u n c h  10 7 7. 0  

N u mber  o f  B u n c h es   5 9 2  
B u n c h  S p ac i n g  n s  10 0  

F u ll C r o s s i n g  An g le µr ad  5 70  
L u mi n o s i t y  at  I P 2  10 27 c m-2 s -1 1. 0  

T h e  L H C  w i l l  b e  f i l l e d  w i t h  p r o t o n s  a c c o r d i n g  t o  t h e  
s c h e m e  s h o w n  i n  F i g u r e  2 .   O f  t h e  3 5 6 4  b u c k e t s  m a k i n g  u p  
o n e  L H C  r i n g ,  2 8 0 8  w i l l  c o n t a i n  p r o t o n s .  T h e s e  b u c k e t s  w i l l  
b e  f i l l e d  u s i n g  3 - a n d  4 -b a t c h  c y c l e s  f r o m  t h e  P S  C o m p l e x  
i n t e r l e a v e d  i n  t h e  f o r m  3 3 4  3 3 4  3 3 4  3 3 3 ,  w h e r e  e a c h  b a t c h  
f r o m  t h e  P S  w i l l  c o n s i s t  o f  7 2  b u n c h e s  s p a c e d  b y  2 5  n s  ( o r  
i n i t i a l l y  b y  7 5  n s ) .  T h e  g a p s  i n  t h e  L H C  b u n c h  t r a i n  a r e  d u e  t o  
t h e  L H C  i n j e c t i o n  k i c k e r  r i s e -t i m e  ( 0 . 9 4  µ s )  a n d  t h e  L H C  
d u m p  k i c k e r  r i s e -t i m e  ( 3  µ s ) .  

 

     

 F i g u r e2 :  P r o t o n  B u n c h  D i s p o s i t i o n  i n  t h e L H C ,  S P S  an d  P S  
T h e  b u n c h  d i s p o s i t i o n  f o r  P b -i o n  o p e r a t i o n  w i l l  f o l l o w  

t h e  s c h e m e  b e l o w  w h e r e  ` b ’  s t a n d s  f o r  f i l l e d  b u n c h  a n d  ` e ’  
s t a n d s  f o r  e m p t y  a n d  w h e r e  t h e  n o m i n a l  b a s i c  s p a c i n g  i s  1 0 0  
n s :

 3x[2x{13x[4b+1.25e])+7.75e}+(12x[4b+1.25e]+7.75e]+ 

1x[2x{(13x[4b+1.25e])+7.75e}+(8 x[4b+1.25e])]+28 .75e 
 

B . L u m i n o s i t y  
T h e  n o m i n a l  l u m i n o s i t y  o f  1 0 34 c m -2 s -1 f o r  a  t o t a l  o f  2 0 0  

d a y s  c o r r e s p o n d s  t o  a n  i n t e g r a t e d  l u m i n o s i t y  o f  7 0  f b -1 ,  
y i e l d i n g  o f  t h e  o r d e r  o f  1 0 0 0  H i g g s  e v e n t s .  T h e  n o m i n a l  
l u m i n o s i t y  w i l l  b e  r e a c h e d  o n l y  a f t e r  a  s e r i e s  o f  s t e p s  s t a r t i n g  



in April 2007. According to current ideas, a pilot run, 
consisting of  a single b eam and single b unch  of  ab out 5  × 1 09 
protons, w ill b e set up f irst. T h is w ill b e f ollow ed b y  th e 
introduction of  th e second b eam w ith  similar ch aracteristics as 
th e f irst to giv e collisions.  S ub seq uently , th e accelerator w ill 
b e commissioned w ith  a low er th an nominal b eam pow er in 
order to reduce th e risk  of  q uench  and damage to th e mach ine, 
deriv ed f rom running w ith  a 75  ns b unch  spacing, 
corresponding to 9 4 0 b unch es, and ab out one-q uarter of  th e 
nominal b unch  current. U nder th ese conditions, th e peak  
luminosity  during th is commissioning ph ase can not ex ceed   
2 × 1 0 3 2  cm-2  s-1. R unning w ith  th ese mach ine commissioning 
conditions f or th e eq uiv alent of  200 day s could y ield an 
integrated luminosity  of  ~  2 f b -1. Af ter optimisation of  th e 
mach ine, th e aim is to reach  an instantaneous luminosity  of     
2 × 1 0 3 3  cm-2  s-1 w h ich  could y ield ab out 1 0 f b -1 of  integrated 
luminosity  f or a 200-day  eq uiv alent run. I t sh ould b e noted 
th at due to L H C  mach ine staging, w h ich  includes th e partial 
installation of  th e dump dilution k ick ers, running at 75  ns 
b unch  spacing in order to reduce th e electron cloud ef f ect and 
delay ing installation of  th e 200 M H z  R F  capture sy stem, a 
peak  luminosity  of  1 0 3 4  cm-2  s-1 is ruled out f or th e initial 
ph y sics run. 

Assuming th e current estimates on intra-b eam scattering, 
b eam-rest gas scattering and b eam-b eam interactions, a 
luminosity  lif etime of  ab out 1 4  h rs. is ex pected f or proton 
operation, f ollow ing w h ich  th e b eams w ill b e dumped. T h e 
corresponding time f or P b -ion operation is ~ 8  h rs, and is 
limited b y  nuclear ef f ects and naturally  scales w ith  th e 
numb er of  running ex periments. T h e minimum turn-around 
time is estimated to b e 1  h r., b ut could w ell b e much  longer, 
e.g. b etw een 5  and 1 0 h rs., depending on th e numb er of  
attempts needed to b ring th e mach ine b ack  into collision 
mode. D uring th is turnaround time it may  b e possib le to h av e  
access into th e mach ine tunnel and ex perimental areas. 

C. L u m i n o u s  R e g i o n  
C alculations h av e b een perf ormed to estimate th e 

luminous region around th e I P s tak ing into account th e 
nominal L H C  parameters and also th e longitudinal spread of  a 
b unch  during a coast. I t is estimated th at 9 5 %  of  th e 
luminosity  is f ound w ith in a distance of  ± 9  cm around th e I P . 
S tudies of  th e AT L AS  I nner D etector reconstruction sh ow  
th at in order to preserv e th e assumed perf ormance of  th e 
ex periment, at most 5 %  of  th e integrated luminosity  may  b e 
outside th e distance ± 1 1  cm around th e I P . As f or C M S , 
glob al inef f iciencies of  0.2%  and 3 %  w ere estimated f or th e 
I nner and O uter T rack er B arrel detectors, indicating a good 
cov erage of  th e luminous region b y  th e T rack er. A similarly  
good match  w as determined f or th e b arrel and end-cap P ix el 
detectors and th e end-cap T rack er. 

D .  T r a n s v e r s e  Ce n t r i n g  o f  t h e  I n t e r a c t i o n  P o i n t  
A w ell-centred collision point in th eir detectors is req uired 

b y  th e ex periments. T h e max imum transv erse v ariation during 
a coast is ex pected to b e <  20%  of  th e nominal b eam w idth  of  

σ x , y  =  1 6  µm, w h ile th e max imum transv erse v ariation of  th e 
b eam collision point b etw een coasts is lik ely  to b e <  1  mm. 

H ow ev er, th ere w ill b e a need f or re-alignment of  th e 
ex periments to th e mach ine. T h e cav ern f loors are ex pected to 
mov e ov er time due to th e settling of  th e concrete and due to 
th e h y drology  of  th e geology . E stimations f or th e AT L AS  
cav ern sh ow  th at a 2 mm settling of  th e f loor f rom th e time 
th e concrete is poured to th e time AT L AS  gets possession of  
th eir ex perimental cav ern and a 5 .5  mm settling of  th e f loor 
ov er th e f irst 6  month s th ereaf ter due to th e w eigh t of  th e 
AT L AS  ex periment. M oreov er, a 1  mm /  y ear lif t of  th e f loor 
due to th e h y drostatic pressure is estimated. 

S ome adj ustment of  th e AT L AS  detector is possib le, b ut 
may  need to b e ex tended. C M S  includes an adj ustment 
mech anism b ased on j ack s and grease pads w h ich  allow  
lateral and v ertical adj ustments of  ± 5 0 mm during mach ine 
sh utdow n periods. Alternativ ely , giv en th e surv ey  link  
b etw een th e mach ine tunnel and ex perimental areas, th e 
interaction regions can b e aligned to th e ex periments to w ith in 
ab out  ± 1  mm. 

III. L H C  D A T A  E X C H A N G E  

A . E N T I T I E S  T O  B E  E X CH A N G E D  
I nf ormation to b e communicated b y  th e mach ine, 

ex periments and th e tech nical serv ices w as discussed in th e 
L H C  D ata I nterch ange W ork ing G roup ( L D I W G ) . T h e data 
ex ch ange, b oth  at th e h ardw are and sof tw are lev els, h as th e 
aim of  communicating inf ormation on th e state of  th e 
mach ine, ex periments and tech nical serv ices as a w h ole and 
on th eir v arious sub -sy stems, as w ell as prov iding a means to 
understand th e causes of  error b y  acting as a recording and 
diagnostic tool.   

  

 
 
 
 
 
 
 
 
 
 
 
 

 
        Figure 3:    Entities considered for data exchange at the LHC 



Figure 3 shows the conceptual lay-out of  the entities 
consid ered  f or d ata ex change.  T he ex change is consid ered  to 
b e low f req uency,  at m ost ab out 1 0 0  k b ps,  and  thus should  not 
b e lim ited  b y b and wid th,  and  should  hav e a latency of  <  1 s.  
T he com m ercial protocol to b e im plem ented  is currently 
b eing d ef ined .    

T he L H C  d ata f rom  the m achine and  ex perim ents will 
hav e an ab solute U T C  tim e stam p,  which will b e d eriv ed  f rom  
sev eral G P S  m od ules.  T hese m od ules will b e located  centrally 
in the P S  C om plex ,  with aux iliary m od ules at each of  the 
other accelerators and  at each pit of  the L H C  f rom  where a 
f ib re m ay b e connected  to the ex perim ents.  

I t should  b e noted  that in ad d ition to the ab ov e 
inf orm ation,  a concise sum m ary of  the m achine operation 
status,  as has b een the case f or the P S ,  S P S  and  L E P ,  is 
req uired .  T his should  b e m ad e av ailab le on T V  m onitors 
throughout C E R N  and  also accessib le v ia the W W W .  

 

B. E X P E R I M E N T  M E A S U R E M E N T S  O N  
C O L L I S I O N  Q U A L I T Y  

T he ex perim ents hav e d em onstrated  their ab ility to assess 
the q uality of  the collisions b ased  on m easuring ob serv ab les 
in their d etectors.  S ev eral trigger rates will b e m easured  
continuously b y the ex perim ents.  For ex am ple,  the 
m easurem ent of  the rates of  clusters of  v arious k ind s and  
m uon cand id ates ab ov e threshold  can b e integrated  ov er all 
b unches and  can also b e m easured  on a b unch-b y-b unch b asis.  
I nf orm ation f rom  the m uon d etectors can b e used  to stud y the 
m uon halo and  the neutron b ack ground .  M oreov er,  
inf orm ation f rom  the f orward  rates and  the v ertex  counting 
per ev ent in the inner d etectors would  prov id e a m easurem ent 
of  the relativ e lum inosity.  Finally,  a m easure of  the 
occupancies in the had ron calorim eter sectors m ay lead  to an 
estim ation of  the b ack ground  im b alance.  T ransm ission of  the 
sum m ary inf orm ation can b e perf orm ed  at least ev ery m inute.   

A  f ast reconstruction of  the collision point can also b e 
prov id ed  b y A T L A S  and  C M S .  A  1 0  µ m  transv erse position 
accuracy and  a 2  m m  longitud inal position and  lum inous 
region accuracy can b e m easured  within ab out 1 0  s.  S uch 
m easurem ents would  req uire that the inner d etectors,  
includ ing the pix el d etectors,  are powered  and  operational and  
would  only possib le once stab le b eam s are estab lished .  

C . L H C  T I M I N G  S I G N A L S  A N D  
D I S T R I BU T I O N  T O  T H E  E X P E R I M E N T S  

T he L H C  R F group is consid ering three clock s:  a stab le 
ref erence clock  at 4 0 . 0 8  M H z  d eliv ered  f rom  the Farad ay 
C age at P oint 4 ,  which will b e serv e as a ref erence clock  of  
the L H C  m achine and  which can b e used  b y the ex perim ents 
to clock  their electronics,  and  two clock s which will d riv e the 
R F f or the two b eam s.  T he latter will b e lock ed  to the 
ref erence clock  b ut will v ary since they will b e ad j usted  to 
f ollow the b unches in the m achine.   

T he ex perim ents rely on collisions b eing as close as 
possib le to the nom inal I P  at the centre of  their d etectors.  T he 
j itter of  the ref erence clock  is approx im ated  to b e ~ 1 0  ps at 
the origin,  while the R F clock s will b e less accurate and  
whose phase could  d if f er f rom  that of  the ref erence clock  b y 
up to 30 0  ps.  A s the j itter af f ects the av erage tim e of  
collisions in the ex perim ents with respect to the ref erence 
clock  and  the av erage collision point itself ,  the latter j itter 
im plies a signif icant d isplacem ent f rom  the nom inal I P ,  since,  
f or ex am ple,  the C M S  calorim eter d igitisation req uires a 
tim ing signal with < 5 0  ps j itter.  

 
D .  T H E  L H C  BE A M  P O S I T I O N  S Y S T E M  
A  total of  1 1 6 6  B eam  P osition M onitors ( B P M s)  are 

need ed  f or the L H C  and  its transf er lines.  T his includ es one 
ex perim ent B P M  ( B P T X )  tim ing pick -up per incom ing b eam  
at P oints 1 ,  2 ,  5  and  8 .  T he B P T X s will b e located  ab out      
1 5 0  m  f rom  the I P  in f ront of  the D 2  m agnets and  will b e used  
ex clusiv ely b y the ex perim ents.  T he choice of  pick -up 
technology will b e m ad e in collab oration with the 
ex perim ents and  cand id ate technologies includ e stripline 
couplers,  b utton electrod es or wall current m onitors.  

T wo applications of  the B P T X  tim ing signals hav e b een 
id entif ied  b y the ex perim ents.  T hey m ay b e used  to m onitor 
the phase of  the clock  of  the two b eam s locally at the 
interaction regions,  thus d eterm ining whether the T im ing and  
T rigger C ontrol ( T T C )  system  is synchronised  with the actual 
arriv al of  the b unch.  M oreov er,  the m onitors can b e used  to 
id entif y the location of  the gaps in the L H C  b unch train,  
which is consid ered  to b e particularly usef ul d uring the setting 
up stage of  the ex perim ents.  

T he choice of  technology and  location of  the f ront-end  
electronics will d eterm ine the req uirem ents f or the cab les.  
A lthough the cab les f or the B P T X s will b e procured  and  
installed  b y the L H C  m achine,  they will b e und er the f inancial 
and  logistical responsib ility of  the ex perim ents.  T he 
ex perim ents hav e ex pressed  interest to pull cab les to their 
galleries in the und erground  areas and  f rom  there to the 
und erground  counting room s.  

T he f ront-end  electronics will b e und er the responsib ility 
of  the ex perim ents.   T he electronics should  b e a com m on 
d ev elopm ent b etween all the ex perim ents and  the m achine.  T o 
this end  and  to clarif y all outstand ing issues concerning the 
B P T X s,  a technical liaison group is b eing set up b etween the 
ex perim ents and  the m achine.     

IV. R A D IA T IO N  A N D  B E A M  L O S S E S  

A . R A D I A T I O N  F I E L D  A N D  S H I E L D I N G  
T he L H C  m achine and  ex perim ents will operate in an 

unpreced ented  hostile rad iation env ironm ent.  S econd aries,  
prim arily f rom  the high-lum inosity pp-interactions f or 
A T L A S  and  C M S  and  also f rom  b eam  losses in the m achine 
f or A L I C E  and  L H C b ,  will b e responsib le f or the high 
rad iation b ack ground  which could  d o d am age to the d etector 



elements, including to their electronics. Doses up to 1 Gy for 
10  yea rs of L H C  opera tion a t the ultima te luminosity a re 
estima ted for the ex perimenta l ca v ern of C M S  a t a  dista nce 
a w a y from the b ea m line, rising to 10 6 Gy a long the b ea m line 
inside the ex periment [4 ] . S uch reported doses could do 
da ma ge to ev en the electronics on the b a lconies in the 
ex perimenta l a rea s. 

R a dia tion lev els ca n b e controlled to these lev els b eca use 
of the significa nt ra dia tion shielding inside the ex perimenta l 
a rea s, thus ma k ing the ex periments insensitiv e to the 
ma chine-induced b a ck ground such a s upstrea m b ea m losses. 
M uons ma k e up most of the remna nt ra dia tion penetra ting the 
shielding from the ma chine side, a nd their ra te is estima ted to 
b e b elow  10  muons cm-2 s-1  [5 ] . 

 B. BEAM LOSSES 
S ev era l mecha nisms ha v e b een identified a s lea ding 

potentia lly to b ea m losses. F or ex a mple, a  ma gnet q uench, a  
trip of pow er conv erters or the R F  system [7 ]  or a n 
unsynchronised b ea m dump ma y lea d to da ma ge to b oth 
ma chine a nd ex periment elements. 

O ne of the fa stest b ea m loss mecha nisms is due to a  pow er 
conv erter trip in the D1 w a rm ma gnets a round the I P s. T he 
time consta nt, i.e. the time interv a l from the eq uipment fa ilure 
to w hen the b ea m loss w ill occur, is a b out 5  turns.  A  fa st 
b ea m a b ort signa l from the ex periments could a ct on this time 
sca le. 

I n a ddition, a  recent a ccident w ith the b ea m dump a t the 
T ev a tron ha s highlighted the da nger of a n unsynchronised 
b ea m dump. I n such a  scena rio, the dump k ick er does not hit 
the dump ga p, either b eca use of a  loss of timing or control or, 
a s in the ca se a t the T ev a tron, a  prob lem w ith the R F  de-
b unched the b ea m, thus elimina ting the dump ga p. B ea m 
dump ma lfunctions a ffect ma inly C M S , a s it is a dj a cent to the 
dump insertion a t P oint 6 . T he a ccident dura tion is estima ted 
to b e 2 6 0  ns, during w hich up to 10 1 2 protons ca n b e lost a t 
P oint 5  ( C M S )  a nd the dose per unsynchronised L H C  b ea m 
a b ort is show n in F igure 4 . T he ex periment b ea m a b ort system 
w ill not b e a b le to ha ndle the fa st speed of such a n a ccident 
scena rio. T he insta lla tion of a n a b sorb er a t P oint 6  ha s b een 
proposed to protect the ma chine ( a nd C M S ) . 

                 

 A  dedica ted ma chine protection system is b eing 
dev eloped for the ma chine, a nd the ex periments ha v e a lso 
recently b egun studying methods to send a n a b ort signa l to the 
ma chine on ob serv a tion of spurious b eha v iour in their 
monitors. Dia mond a nd silicon detectors a re b eing ev a lua ted 
a s dedica ted detectors in the ex perimenta l a rea s to b e used in 
the b ea m a b ort mecha nism. T hey w ill opera te independently 
from the other ex periment sub -detectors a nd w ould giv e a  
response time of the order of tw o b ea m orb its. 

I t is re-a ssuring to see tha t a longside ma ny of the ma chine 
sub -systems, a n input from the ex periments to the ma chine 
B ea m I nterlock  C ontroller is foreseen in the design of the 
ma chine protection system. T his w ould a llow  a  signa l from 
the ex periments to giv e the B E A M  P E R M I T , a nd a  B E A M  
A B O R T  if the P E R M I T  is a b sent. 

V. C O N C L U S I O N S  
A n ov erv iew  of some issues relev a nt to the interfa ce of the 

L H C  ma chine a nd ex periments ha s b een presented. I n a n 
effort to ensure the highest q ua lity da ta  to b e recorded b y the 
ex periments a nd the correct opera tion of the ma chine, these 
issues need to b e understood a nd pla nned from now  a nd 
should incorpora te ex perience from prev iously a nd presently 
running fa cilities. 

W ith fiv e a pprov ed ex periments, there w ill undoub tedly 
b e compromises to b e ma de a nd priorities to b e fix ed. 
M oreov er, a fter initia l opera tion, there ma y b e req uests for 
specia l running conditions, such a s low er energies for 
compa rison w ith T ev a tron da ta  a nd lighter ion species a nd 
v a rious energies for the ion progra mme. T ota lly new  
ex periments ca n not b e ex cluded a nd a lrea dy a  six th 
ex periment M O E DA L  is prepa ring its ex perimenta l design.    

VI . R E F E R E N C E S  
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