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Plan for this presentation

i. T h e  A T L A S  d e t e c t o r
ii. P e r f o r m a n c e s  R e l e v a n t  t o  P h y s ic s
iii. A  h e a v y  io n  p h y s ic s  p r o g r a m  f o r  A T L A S
iv . L is t  o f  io n s  f o r  t h e  h e a v y  io n  p r o g r a m
v . S u m m a r y  a n d  c o n c l u s io n s
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ATLAS and Heavy Ions
�Recent RHIC data suggests that 
j ets m ay  b e quenched.
�CE RN  theo r i sts hav e b een 
spo nso r i ng a o ne y ear  l o ng 
w o r k sho p o n har d pr o b es i n heav y  
i o n phy si cs.
� T hi s has spar k ed r enew ed 
i nter est b y  a gr o up o f  phy si ci sts 
w i thi n A T L A S  to  r ev i si t the heav y  
i o n phy si cs pr o gr am  w i th the 
detecto r .
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ATLAS has strong interest in heavy ion physics. Detailed 
evalu ation of  the potential has only recently started and involves 
people f rom  the f ollow ing institu tions:  

B ern,  B N L,  C E R N ,  C olu m b ia,  H elsink i,  G eneva,  P ragu e and R io 
de J aneiro.

This presentation ou tlines ou r cu rrent and prelim inary ideas.
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The ATLAS detector
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Inner Detector

The ATLAS inner detector is 
com p osed of  three sy stem s:  
P ix el ,  SC T a nd TR T

The f irst p ix el  l a y er is l oca ted a t 
~ 5 cm  f rom  the b ea m  l ine.  

Coverage of inner 
D et ec t or is  | η | < 2 . 5
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Inner Detectors

The same event, i n f u l l  and  l o w  l u mi no si ty  r u nni ng  c o nd i ti o ns.  H → bb
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Calorimeters

�Calorimeters in ATLAS 
c ov er a w id e rang e of  
p seu d o-rap id ity ,  | η| < 5 .
�Th e elec tromag netic  
c alorimeter is realiz ed  in 
liq u id  arg on tec h nolog y
�Th e h ad ronic  c alorimeter is 
imp lemented  as a iron-
sc intillator d ev ic e in th e 
c entral reg ion and Lar in th e 
f orw ard  reg ion.
�Th e F CAL is integ rated  in 
th e end c ap  c ry ostat.
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Electromagnetic Calorimeter
U s ed  b y  t h e
I nner  t r a c k er
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Electromagnetic Calorimeter Segmentation
The Electromagnetic Calorimeter 
is  s egmented  longitu d inally  and  
trans v ers ely .  This  ex cellent 
granu larity  w ill b e u s ed ,  e. g.  f or 
π0 id entif ication.

π0

γ

γ
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Hadronic T il e  C al orim e t e r

The ha d r o n i c  t i l e c a l o r i m et er  ‘ hu g s ’  
t he l i q u i d  a r g o n  el ec t r o m a g n et i c  
c a l o r i m et er .  I t  i s  b u i l t  i n  i r o n -
s c i n t i l l a t o r  t ec hn o l o g y  a n d  r ea d o u t  
b y  W L S  o p t i c a l  f i b er s .
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Calorimeters Granularity
•ATLAS calorimeters covers a large pseudo-rapidity  ran ge  | η | < 5 . 0
• B oth  E M  an d H adron ic calorimeters are segmen ted lon gitudin ally  in  
several compartmen ts.
•Th e f irst section  of  th e E M  calorimeter is f in ely  segmen ted in  eta strips.

0.05x0.25S e g m e n t a t i o n  3
0.025x0.025S e g m e n t a t i o n  2
0.003x01S e g m e n t a t i o n  1  ( ∆ηx∆φ )

3L o n g i t u d i n a l  S e g m e n t a t i o n
|η|< 3.2C o v e r a g e

0.2x0.1S e g m e n t a t i o n  3
0.1 x0.1S e g m e n t a t i o n  2
0.1 x0.1S e g m e n t a t i o n  1  ( ∆ηx∆φ )

3L o n g i t u d i n a l  S e g m e n t a t i o n
|η|< 1 .7C o v e r a g e

0.2x0.2S e g m e n t a t i o n  ( a l l )
4L o n g i t u d i n a l  S e g m e n t a t i o n

3.1 < η < 4.9C o v e r a g e

EM Barrel and Endc ap H adro ni c  T i le

H adro ni c  L A r F o rw ard C alo ri m et er

0.2x0.2S e g m e n t a t i o n  2.5< η< 3.2
0.1 x0.1S e g m e n t a t i o n  1 .5< η < 2.5

4L o n g i t u d i n a l  S e g m e n t a t i o n
1 .5< η < 3.2C o v e r a g e
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Muon S p e c t r om e t e r
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Muon t r i g g e r

It takes 
~ 3 G eV  to  g o
th r o u g h .  T h e
r est sto p s!
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ATLAS and running parameters

4.1
7 .1
~ 1

R   
( f m )

2  M H z< 15 01x 10 30p + 208 P b
6  M H z< 12 01x 10 31p + 4 0 A r

2 0 0  k H z< 8 0 06 x 10 284 0 A r + 4 0 A r
8  k H z< 8 0 0 01x 10 27208 P b + 208 P b
1 G H z< 2 5 01x 10 34p + p  

I n t e r a c t i o n  
r a t e

d N c h /d y  ( m a x i m u m )
L u m i n o si t y  ( c m -2s-1)C o l l i si o n

A T L A S  h a s b e e n  d e si g n e d  t o  o p e r a t e  a t  f u l l  m a c h i n e  d e si g n  
l u m i n o si t y   f o r  p r o t o n  p r o t o n  c o l l i si o n s. A l l  su b sy st e m s,  i n c l u d i n g  
t r i g g e r  a n d  D A Q ,  h a v e  b e e n  o p t i m i z e d  f o r  t h i s l u m i n o si t y .

F o r  p A   m u l t i p l i c i t i e s a r e  c o m p a r a b l e  t o  d e si g n  p p  l u m i n o si t y .
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The Heavy Ion Environment
Event Display for 208 P b + 208 P b ,  b = 0 ,  stand ard  A T L A S   
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The Heavy Ion Environment (2)
Occupancy of inner detectors and average energy deposited in 
cal orim eters for P b +P b  col l isions (b = 0 , dN /dy~ 8 , 0 0 0 ).

~15S C T  l a y e r  3
~12S C T  l a y e r  4

~2 0S C T  l a y e r  2

~3 0S C T  l a y e r  1
~5P i x e l

Occupancy 
(% )

D etector

0 . 1 x0 . 1

. 0 4 x. 0 4

∆ηx∆φ

~ 0 . 5T il e

~ 2  E M  
b arrel  

E nergy 
(G eV )

D etector
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Trigger DAQ
For P b +P b  c ol l i s i on s  t h e  
i n t e ra c t i on  ra t e  i s  8 k H z f a c t or of  
1 0  s m a l l e r t h a n  L V L  1  ou t p u t  ra t e  
a t  d e s i g n  p p  l u m i n os i t y .
W e  e x p e c t  f u rt h e r re d u c t i on  t o 
1 k H z  b y  re q u i ri n g  c e n t ra l  
c ol l i s i on s  a n d  p re -s c a l e d  m i n i m u m  
b i a s  e v e n t s   ( or h i g h  p t  j e t s  or 
m u on s ) .
T h e  e v e n t  s i z e  f or a  c e n t ra l  
c ol l i s i on  i s  ~  5  M b y t e s .
S i m i l a r b a n d w i d t h  t o s t ora g e  a s  
p p  a t  d e s i g n  L  i m p l i e s  t h a t  w e  c a n  
a f f ord  ~  5 0  H z  d a t a  re c ord i n g .

~200 Hz
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Performance relevant to HI

•E M  e n e r g y  r e s o l u t i o n ,  a n g u l a r  a n d  t i m e  r e s o l u t i o n s
•J e t  E n e r g y  R e s o l u t i o n
• γ/π0 s e p a r a t i o n ,  γ/η ,  γ/j e t  s e p a r a t i o n
•b  t a g g i n g
•m u o n  m o m e n t u m  r e s o l u t i o n
•t o t a l  E T e n e r g y  r e s o l u t i o n
•L o w e r  E T t h r e s h o l d s  f o r  r e c o n s t r u c t i o n

T h e  f o l l o w i n g  p e r f o r m a n c e  i s s u e s  r e l e v a n t  t o  h e a v y  i o n  p h y s i c s  a r e  
s h o w n  h e r e  f o r  t h e  n o m i n a l  p p  d e s i g n  l u m i n o s i t y .
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Examples of Calorimeter Performance

Hadronic C al orim e t e r 
E ne rg y  R e s ol u t ion

E M  T im ing  R e s ol u t ion

E M  A ng u l ar R e s ol u t ion

E l e ct rom ag ne t ic E ne rg y  
R e s ol u t ion σ E

E
= 10%

E
⊕ 0.3%

σ θ =
60mrad

E

σ
τ
=
4
E
ns•GeV

σ E

E (π ) = 50%
E ⊕ 3%

The above performance was achieved with test beam modules
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Jet Energy Resolution

2 jet event in ATLAS

Jet Energy Resolution :
σ
E

E
= 50%
E

⊕ 2%

With electronic noise

N o noise
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Muon R e s ol ut i on P e r f or m a nc e

Spectrometer only

Spectrometer +  I D

A ϒ→µ+µ- m a s s  r e s o l u t i o n  a t  t h e  l e v e l  o f  1 %  i s  e x p e c t e d  b u t  f u l l  
s i m u l a t i o n  s t u d i e s  i n  t h e  h e a v y  i o n  e n v i r o n m e n t  w i t h  t h e  r e l e v a n t  
d e t e c t o r  c o m p o n e n t s  a r e  n e e d e d .

B a r r e l E n d c a p
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γ/π0 a n d  γ/j e t  s e p a r a t i o n
Single gamma and pi-z er o  s h o w er  pr o f iles  in 
t h e et a s t r ips

90% photon efficiency

8 0% photon efficiency

γ and π0 r ec o ns t r u c t io n s t u died at  pT ~  5 G eV .  St u dies  f o r  h igh er  pT h as  s t ar t ed.  G o o d η-s t r ip per f o r manc e f o r  par t ic le ident if ic at io n giv e s o me h o pe.
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B tagging
Vertex tagging and soft m u on tagging

Jet rejection factors for vertex b-tag g ing  
meth od  w ith  h ig h  l u minosity  p il e u p .   O p en 
sy mbol s for mH = 1 0 0 G eV ,  fu l l  sy mbol s: mH = 4 0 0G eV .  

R ejection factors as fu nction of b-jet 
efficiency  for th e mu on tag s.  B oth mu on
sp ectrometer and  til e cal  information are 
u sed .
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(Missing) ET resolution 

Excellent ΣET r es o lu ti o n ca n b e p a r a m eter i z ed  a s :  0.6 * E
T

∑
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Thresholds for particle reconstruction 
For proton-proton a t f u l l  l u m i nos i ty  th e   a pprox i m a te  d e te c ti on 
th re s h ol d s  a re  th e  f ol l ow i ng :

M u on                              pT >  3  G e VE l e c trons  a nd  P h otons     E T >  5  G e V      ( 5  G e V P b P b ? )
J e ts                                E T >  1 5  G e V        ( 4 0  G e V P b P b ? )
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Physics topics

M5,1,10

p

k,c
q1,a1 q2,a2 q3,a3 q4,a4 q5,a5

tt0 t1 t2 t3 t4 t5

Baier,  D o k s h it z er,  M u el l er,  S c h if f ,  h ep -p h / 9 9 0 7 2 6 7
G y u l as s y ,  L ev ai,  V it ev ,  h ep -p l / 9 9 0 7 4 6 1
W an g ,  n u c l -t h / 9 8 1 2 0 2 1
an d  m an y  m o re… . .

Partons are  e x p e c te d  to l ose  e ne rg y  v i a 
i nd u c e d  g l u on rad i ati on i n trav e rsi ng  a 
d e nse  p artoni c  m e d i u m .
C oh e re nc e  am ong  th e se  rad i ate d  g l u ons 
l e ad s to ∆ E  α L2

q

q

A T LA S c al ori m e try  ( e x c e l l e nt c ov e rag e ,  re sol u ti on and  g ranu l ari ty )  
h as g ood  p ote nti al  to stu d y  j e t q u e nc h i ng  w i th  j e t+ j e t,  γ + j e t,  Z 0 + j e t.
B y  u si ng  d i f f e re nt h e av y  i on sp e c i e s w e  c an m e asu re  th e  m od i f i c ati on 
of  j e t p rop e rti e s v s th e  g l u on d e nsi ty  and  p ath  l e ng th
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Jet Rates in ATLAS
In one month (106 s )  of  P b -P b  r u nni ng  w i th thr ee op er a ti ona l  
ex p er i ments  a t L H C ,  A T L A S  w i l l  mea s u r e a n enor mou s  nu mb er  of  
j ets .
A T L A S  a c c ep ted  j ets  f or  

c entr a l  P b -P b
J et p T >  5 0 G eV        30 million !J et p T >  100 G eV      1 . 5  millionJ et p T >  15 0 G eV      1 9 0, 000J et p T >  2 00 G eV        4 4 , 000

Vitev - ex tr a p o l a ted  to  P b -P b

N ote tha t ev er y  a c c ep ted  j et ev ent i s  r ea l l y  a n a c c ep ted  j et-j et 
ev ent s i nc e A T L A S  ha s  a  w i d e p ha s e s p a c e c ov er a g e !
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Event Rates for jet-q u enc h i ng  

�In one month (106 s ) ,  ov er  1000 ev ents  
w i th γ of  p T =  6 0 G eV  i n a  1 G eV  b i n!  O r  106 ev ents  a b ov e p T >  4 0 G eV .
�In one month i n c entr a l P b -P b ,  A T L A S   
w ou l d  a c c ep t ~ 10, 000 ev ents  w i th p T >  4 0
G eV  i n the γ* (µ +  µ-) +  j et.
�Z0-j et r ec ons tr u c ti on i s  p os s i b l e,   b u t 
l es s  tha n 5 00 tota l  Z0 ev ents  p er  month.

Wang and Huang, h e p -p h / 9 7 0 1 2 2 7



June 27,2002H el i o  T a k a i , B r o o k h a v en N a t i o na l  L a b o r a t o r y  3 0

Global Variables

ATLAS should be able to measure global observables and have high
statistic s f or c orrelating them w ith high p T p robes,  f or ex amp le:
�Transverse energy  ( w ith very  good resolution)  and energy  f low .
� C harged p artic le multip lic ity  ( in p ix el +  SC T)
� J et observables as f unc tion of  reac tion p lane
�Az imuthal distribution of  high p T π0 and η

x

z

y
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Heavy Quarks
Radiative q u ar k  en er g y  l o s s  is  q u al itativel y  dif f er en t 
f o r  h eavy  an d l ig h t q u ar k s .
b-q u ar k s  l o s e l es s  en er g y  th an  l ig h t q u ar k s .
A T L A S  c an  tag  b j ets  via s o f t  m u o n  tag  an d c o m p ar e 
th eir  en er g y  l o s s  w ith  l ig h t q u ar k s .

Y.L.D o k s h i t z e r  a n d  D .E . K h a r z e e v ,
h e p -p h / 0 1 0 6 2 0 2

b

b

B
D
µ
ν

D if f er en t H I  s p ec ies  ar e u s ef u l  
bec au s e th e ef f ec t dep en ds  o n  
th e s iz e o f  c o l l idin g  s y s tem .

S P a d ul a , p r i v a t e c o m m uni c a t i o n
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pA physics
• S t u d y  o f  p -A  c o l l i s i o n s  i s  i m p o r t a n t  @  L H C

– T o  p r o v i d e  b a s e l i n e  f o r  h e a v y  i o n  m e a s u r e m e n t s .
– P h y s i c s  i n t r i n s i c a l l y  c o m p e l l i n g

• N u c l e a r  S t r u c t u r e  f u n c t i o n
• M i n i -j e t  p r o d u c t i o n ,  m u l t i p l e  s e m i -h a r d  s c a t t e r i n g .
• G l u o n  s a t u r a t i o n  – p r o b e  Q C D  @  h i g h  g l u o n  d e n s i t y
• E t c . . .

• I n  t h e  p A  e n v i r o n m e n t  w e  c a n  f u l l y  b e n e f i t  f r o m  A T L A S  d e t e c t o r  c a p a b i l i t i e s ,  e .g . t r a c k i n g ,  b e c a u s e  p a r t i c l e  m u l t i p l i c i t i e s  a r e  l o w e r  t h a n  i n  p p  c o l l i s i o n s  a t  d e s i g n  l u m i n o s i t y .
• B e c a u s e  o f  t h i s  “ l o w ”  p a r t i c l e  m u l t i p l i c i t y  w e  c a n  r u n  a t  h i g h  l u m i n o s i t y ,  e .g . 1 0 31.
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Peripheral collisions
We have interest in studying the very peripheral interactions in
heavy ion collisions.  T he physics that one can address is:
� E x clusive production γγ→ X
�γ + nucleon interaction
P eripheral collision studies req uire f orw ard detector 
im plem entation in A T L A S  interaction region,  e. g.  Z ero D egree 
C alorim eter.
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Heavy Ions running scenarios
Signatures discussed here depends on the size of the colliding nuclei.  
F or ex am ple parton energy  loss in hot Q C D  m atter has a L 2 
dependence,  w here L  is the size of the sy stem .
T he sam e signatures m ay  depend on the ov erall energy  density  and
therefore different b eam  energies w ill b e desirab le.
C old Q C D  m atter m ay  fak e signatures of the ab ov e and pA  sy stem s 
should b e studied.
pA  phy sics is interesting on its ow n and m atches v ery  w ell to the 
A T L A S full detector capab ilities.
T herefore w e w ould lik e to hav e pA  and A A  collisions w ith different A  
species and energies.
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3.0
4 .1
5 .3
5 .9
7 .1

R  ( f m )

1 031d + P b , A r
1 0342 5 0p + p

1 031< 2 00p + P b , A r
1 0 2 91 6O
1 030< 8 004 0A r
6 .6 x 1 02 8< 9 008 4K r
1 .7 x 1 02 81 2 0S n
1 0 2 7< 8 , 0002 08P b
L u m i n o s i t yd N /d yM a s sI o n

B e a m  E n e r g y :  2 .7 5  a n d  1 .00 T e v /n u c l e o n
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Summary of ions

4.1
7 .1
~ 1

R   
( f m )

2  M H z< 15 01x 10 30p + 208 P b
6  M H z< 12 01x 10 31p + 4 0 A r

2 0 0  k H z< 8 0 06 x 10 284 0 A r + 4 0 A r
8  k H z< 8 0 0 01x 10 27208 P b + 208 P b
1 G H z< 2 5 01x 10 34p + p

I n t e r a c t i o n  
r a t e

d N c h /d y  ( m a x i m u m )
L u m i n o si t y  ( c m -2s-1)C o l l i si o n

T h e  d e si r e d  sp e c i e s f o r  a  sy st e m a t i c  H I  st u d y  a r e  a s f o l l o w

I n  a d d i t i o n  d i f f e r e n t  c o l l i d i n g  e n e r g i e s w o u l d  p r o v i d e  f o r  t h e  st u d y  o f  
d i f f e r e n t  e n e r g y  d e n si t i e s.
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Conclusions and Outlook
ATLAS is general purpose detector with excellent performance for
high pT phy sics.
F eatures lik e calorimeter cov erage,  granularity  and resolution giv e 
us good potential for high pT prob es in heav y  ion collisions,  e. g.  j et q uenching.   ATLAS is complementary  to ALI C E  and C M S.
The phy sics topics outlined in this presentation can b e lik ely  
addressed with the present detector lay out ( except for z ero degree
calorimetry ) .
F or pA and light AA collisions the experimental env ironment is 
q uieter than pp collisions at design L and therefore we can b enefit 
from the full detector performance capab ilities.
H eav y  ion phy sics studies in ATLAS hav e started with the aim of 
preparing a Letter of I ntent to LH C C  b y  first half of 2 0 0 3 .


