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ALICE ZDC and TCTTVB Tertiary Collimators

n Zero-degree calorimeters in ALICE are crucial for physics measurements

– D1 separator magnet separates spectator protons and neutrons to two 
distinct calorimeters 92 m from IP

– Neutron calorimeter also measures neutrons from electromagnetic 
dissociation (1 and 2 n)

n Problem is that neutrons may be intercepted by the tertiary collimators 
(TCTV)  which are there to protect the low-beta triplet quadrupoles 

– Depends on setting of TCTV jaws

– Assume that TCTV.4L2.B1 on left is centred on closed orbit of 
incoming Beam 1

– Assume that TCTV.4R2.B2 on left is centred on closed orbit of 
incoming Beam 2

n Closed orbit is superposition of fixed ALICE spectrometer bump and 
variable crossing angle bump

n Angular spread of spectator neutrons from nuclear Fermi momentum 
taken from ALICE simulations to be 51 rad



Reminder of layout details
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O u t [4 9 7 ]= ZDCplot  ,

CrossingAngles  2.62512 10
1 2

, 0.00001, 5.49839  10
1 2

, 0.00001,

nsigmaTCT  15., jawTCT 

TCTV.4L2.B1, 0.016789, 0.0119541, TCTV.4R2.B2, 0.0167375, 0.0119175
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Nominal ion collision optics ( *=0.5 m, 10 rad crossing angle)

•Black lines show ±0,1,2,3 of 
neutron beam (3 includes 
98.9% of flux).  

•Blue is vertical beam (8.3
envelope of Beam 1 (L→R), pink 
is Beam 2 (R→L).

•Closed orbit tolerance is 
hollowed out around closed orbit 
line in centre of beam envelope 
(about 1 ).

•TCTV collimators shown in red, 
jaws are centred on closed orbit, 
at 13 in this case (previously 
8.3).

•Planes of ZDC detectors shown 
in green. 



Neutron envelope
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Beam envelopes calculated from optics and closed 
orbits.

Neutron envelopes using intrinsic RMS angular spread 
+ spread in beam crossing angle  around slope of 
closed orbit + source size.



Early ion collision optics ( *=1. m, zero crossing angle)
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O u t [4 9 8 ]= ZDCplot  ,

CrossingAngles  1.82661 10
1 2

, 2.13464 10
1 2

, 1.16206 10
1 4

, 3.55563 10
1 3

,

nsigmaTCT  13., jawTCT 

TCTV.4L2.B1, 0.0109789, 0.00672659, TCTV.4R2.B2, 0.0109474, 0.00670726

Because beam is smaller, a ±13s collimator gap is not enough to let the neutron beam 
pass.   

As in the nominal optics, the neutrons are not centred on the collimator gap.



Large crossing angle is bad
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ZDCplot  ,

CrossingAngles  8.71787 10
13

, 0.000102, 7.25118 10
12

, 0.000102, nsigmaTCT  13,

jawTCT  TCTV.4L2.B1, 0.0114882, 0.0134222, TCTV.4R2.B2, 0.0114532, 0.0133812,

MADfile  CollisionIons40.madx, LHCB1opticsFile  LHCB1CollisionIons40.tfs,

LHCB2opticsFile  LHCB2CollisionIons40.tfs,

MADXterminalOutputFile  CollisionIons40.mou, ONX2  0.4



Optimum for Nominal Ion Collision Optics at ~20 rad
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O u t [ 4 9 5 ] = ZDCplot  ,

CrossingAngles  1.28934 10
1 2

, 0.000022, 6.83363 10
1 2

, 0.000022, nsigmaTCT  13,

jawTCT  TCTV.4L2.B1, 0.0139058, 0.0110049, TCTV.4R2.B2, 0.0138632, 0.0109711,

MADfile  CollisionIons60.madx, LHCB1opticsFile  LHCB1CollisionIons60.tfs,

LHCB2opticsFile  LHCB2CollisionIons60.tfs,

MADXterminalOutputFile  CollisionIons60.mou, ONX2  0.6



Optimum for Early Ion Collision Optics at ~20 rad
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O u t [4 9 9 ]= ZDCplot  ,

CrossingAngles  2.08552 10
1 2

, 0.000021, 2.70056  10
1 3

, 0.000021,

nsigmaTCT  16, jawTCT 

TCTV.4L2.B1, 0.012384, 0.00940734, TCTV.4R2.B2, 0.0123484, 0.00938032,

MADfile  EarlyCollisionIons70.madx, LHCB1opticsFile  LHCB1EarlyCollisionIons70.tfs,

LHCB2opticsFile  LHCB2EarlyCollisionIons70.tfs,

MADXterminalOutputFile  EarlyCollisionIons70.mou, ONX2  0.7

But larger gap in terms of 



Conclusions

n With the assumptions on collimator gap settings, there are 
new optimum crossing angles, depending only weakly on * , 
that will allow a maximum neutron flux to pass

– Re-consider running configuration for heavy-ions in ALICE

– Can we use ZDC data in setting up collision conditions?

n Although the gaps have to be widened they appear to still 
fulfil their protection role (see Ralph’s talk)

n Effect on collimation efficiency and losses in the triplets in 
stable beam conditions can be evaluated (see Giulia’s talk)
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