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COLLIMATOR AND SCRAPER  SCANS:
 analogies and differences

ANALOGIES

a moving obstacle is used to make an integrated measurement of the halo distribution

the intercepted halo population is considered proportional to the number of inelastic  
interactions at the device. 
the number of inelastic interactions at the device are considered proportional to the 
secondary showers measured by downstream detectors (BLMs and/or scintillators) 

Both detectors are normalized to the time derivative of the beam current.
DIFFERENCES

the collimator (1 m Cu) stops most of the impacting particles: when primary, it receives and 
stops almost 100% of the diffusing particles; this allows to normalize the measured losses.
the TAL2 (0.1 m Al) is transparent for most of the particles: when intercepting the 
secondary halo, it acts mostly as a scatterer, thus disturbing the multi-turn dynamics. For 
this reason, only the tertiary halo is measured. 
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COLLIMATOR SCANS
DETECTORS LAYOUT

blm1 blm6 sciF
• BLM1 (ionization chamber) immediately downstream the LHC collimator
• BLM6 (ionization chamber) about 2.5 m downstream the LHC collimator
• sci F about 18.5 m downstream the LHC collimator center 
the main result of the collimator scan are the  channeling angle and the channeling 
efficiency in multi turn mode, i.e. the probability for a multi turn particle to be, soon or 
late, channeled. 

1.5 m 15 m

5 m1 m

2 m
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collimator scan data analysis
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1. remove a “zero” offset to 
the detector signal 

2. plot the detector reading vs 
collimator position

3. normalize the detector data 
with  the flux of  particles 
on the crystal

4. normalize w.r.t. the reading 
when the collimator is 
primary 

5. express the collimator 
position in terms of 
equivalent crystal kick

valid only if we assume
1. BLM signal ∝ Ncoll
2. If acoll=acry => Ncoll=Ncry 

valid only for large kicks 
(multi turn limit)

crystal 3 scan
2 Sept 2010 

h 8:21 -> 9:45
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3. normalize the detector data 
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detectors comparison
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detectors comparison

the losses “seen ” by far-away 
detectors when the collimator is 
open are not negligible with 
respect to the normalization value.

more “noise” for far away detectors...

the BLM1 is used for the analysis
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COLLIMATOR SCAN SUMMARY 
review of the results 2009-2010

year 2009: crystal 1 and crystal 2 tested, 
efficiencies between 64 and 85%

year 2010: collimator scans with protons have been done only with crystal 3.
the results confirm multi-turn channeling efficiency about 70

• the main results of the collimator scan are the  channeling parameters:  channeling kick, 
width and efficiency

• the detectors data are normalized with respect to the flux of primary particles lost (BCT 
derivative)

very long measurement 
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TAL2  SCANS 
DETECTORS LAYOUT

sci J-K blm 5TAL2

3 m 3 m25.5 m

• sci J and sci K about 2 m downstream the scraper
• BLM6 (ionization chamber):immediately after sciK

the main result of the tal2 scan is the  halo reduction factor, i.e. the ratio between the 
population of the tertiary halo (meaning escaping to the W absorber) in amorphous and 
in channeling
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beam based 
alignment

crystal

collimator (1m Cu)

1. the beam edge is defined by the double-sided LHC 
collimator. The beam center and width are calculated.

2. the aligned position of the other elements is found 
looking at the losses generated when the element 
intercepts the primary halo. 

3. the crystal is moved toward the beam center of about 
0.5 mm

4. the TAC is moved outwards of about 1.5 mm
5. all other elements are in garage position
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see D.Mirarchi talk 
for details and measurements...



UA9 collaboration meeting - Rome, 23-25 February 2010

beam based 
alignment

crystal

collimator (1m Cu)

1. the beam edge is defined by the double-sided LHC 
collimator. The beam center and width are calculated.

2. the aligned position of the other elements is found 
looking at the losses generated when the element 
intercepts the primary halo. 

3. the crystal is moved toward the beam center of about 
0.5 mm

4. the TAC is moved outwards of about 1.5 mm
5. all other elements are in garage position

beam center

beam width

TAC (60 cm W)

TAL2 (10 cm Al)

0

norm
alized 

aperture [σ
x ]

garage 
position

losses @ blm4

see D.Mirarchi talk 
for details and measurements...

nalign

nalign

reference 
position



UA9 collaboration meeting - Rome, 23-25 February 2010

beam based 
alignment

crystal

collimator (1m Cu)

beam center

beam width

TAC (60 cm W)

TAL2 (10 cm Al)

0

nalign

norm
alized 

aperture [σ
x ]

garage 
position

losses @ blm8

1. the beam edge is defined by the double-sided LHC 
collimator. The beam center and width are calculated.

2. the aligned position of the other elements is found 
looking at the losses generated when the element 
intercepts the primary halo. 

3. the crystal is moved toward the beam center of about 
0.5 mm

4. the TAC is moved outwards of about 1.5 mm
5. all other elements are in garage position

see D.Mirarchi talk 
for details and measurements...

reference 
position



UA9 collaboration meeting - Rome, 23-25 February 2010

beam based 
alignment

crystal

collimator (1m Cu)

beam center

beam width

TAC (60 cm W)

TAL2 (10 cm Al)

0

nalign

norm
alized 

aperture [σ
x ]

garage 
position

losses @ blm5

1. the beam edge is defined by the double-sided LHC 
collimator. The beam center and width are calculated.

2. the aligned position of the other elements is found 
looking at the losses generated when the element 
intercepts the primary halo. 

3. the crystal is moved toward the beam center of about 
0.5 mm

4. the TAC is moved outwards of about 1.5 mm
5. all other elements are in garage position

see D.Mirarchi talk 
for details and measurements...

reference 
position



UA9 collaboration meeting - Rome, 23-25 February 2010

beam based 
alignment

crystal
collimator (1m Cu)

1. the beam edge is defined by the double-sided LHC 
collimator. The beam center and width are calculated.

2. the aligned position of the other elements is found 
looking at the losses generated when the element 
intercepts the primary halo. 

3. the crystal is moved toward the beam center of about 
0.5 mm

4. the TAC is moved outwards of about 1.5 mm
5. all other elements are in garage position

TAC (60 cm W)

TAL2 (10 cm Al)

0

nalign

norm
alized 

aperture [σ
x ]

garage 
position

nCRY

nTAC

measurement position

+0.5 mm -1.5 mm

see D.Mirarchi talk 
for details and measurements...

the other apertures are calculated 
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primary halo

beam core

crystal single-turn 
secondary halo

TAL2
(10cm Al)

TAC (60 cm W)

channeled beam

The TAL2 scan is located in a highly dispersive region (meaning: particles are 
strongly sorted with respect to their momentum). e.g. :A particle with the designed 

momentum and a particle with the same betatronic amplitude  but on the separatrix of 
the RF bucket (limit for stable particles) would have a transverse position (and then 

generate losses) about 4 mm more outward than an on momentum particle!!

multi-turn secondary halo

tertiary halo

it is very difficult to understand if the losses at the TAL2 location 
correspond to on momentum or off momentum particles, both 

during the TAL2 alignment and during a TAL2 scan

at the TAL2 location there is a complicated superposition of 
on-momentum secondary halo and off-momentum primary halo

Dispersion at TAL2 
location: 3.4m
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need to understand the range to consider 
to calculate the reduction factor 
(i.e. where is the tertiary halo?)
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1- the distance between 
the two “shadows” is the 

expected one

the crystal 
does not move

TAC initial position

1.9±0.2 mm

two shoulders 
always observed
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are these correlated to  
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the TAC is retracted 
of 1 mm

2.6±0.5 mm
2- when the TAC is 

retracted, the second 
shoulder moves 

accordingly

however...
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off-momentum halo: 
the hypothesis

the two shadows are indeed related to 
crystal and TAC positions

1.the distance between the two 
“shadows” is the expected one
2. the “shadows” move when we 
move the elements

if the shoulders were generated by on-
momentum particles:

we should find the alignment position 
for the crystal 

after the crystal shadow we should 
scrape the primary beam 

2.channeling and amorphous curves do not overlap
3.the losses downstream the crystal do not decrease
4.there is no variation in the beam intensity (BCT) 
even entering 5 mm more than the crystal shadow

1.the distance between the alignment 
position and the cry shadow is > 5 mm

considering the dispersion value at TAL2 (3.4m) and the distance 
between the crystal shadow and the primary halo (5.5 mm), we got that 
the shadows must be generated by particles with a dp/p =1.6E-3 = 4σp
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further investigations...
done

not enough data

to be done 
in next runs

in progress 
(Simone,Daniele)

to be done 
in next runs

to be done 

to be done 

to be done 
in next runs
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DETECTORS COMPARISON
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no discrepancy between scintillator and BLM data

which detectors to use for calculating the halo reduction factor?
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TAL2 scans summary
• the main result of the tal2 scan is the  halo reduction factor, i.e. the ratio 

between the population of the tertiary halo(meaning escaping to the W 
absorber) in amorphous and in channeling

• the detectors data are normalized with respect to the flux of primary particles 
lost (BCT derivative).

no discrepancy between scintillator and BLM data

• the amorphous losses are always larger than the channeling ones
• halo reduction factors  between 1.4 and 5.2 have been obtained for different 

system configurations
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CONCLUSIONS
of collimator and scraper scans for proton beams

Collimator and scraper scans are an integrated measurement of the scattered halo. 

Collimator scans allow to measure the channeling parameters: channeling kick, angular width, 
and multi-turn channeling efficiency. 

Efficiency measurements on crystal 3 in 2010 confirms efficiency values about 70%.

Scraper scans sample the tertiary halo and are used to calculate the tertiary halo reduction 
factor, i.e. the ratio between the population of the tertiary halo(meaning escaping to the W 
absorber) in amorphous and in channeling. 

Detailed analysis showed intrinsic difficulties in the data interpretation due to the high 
dispersion value at the TAL2 location: this generates a complicated superposition of on-
momentum and off-momentum particles.

A large off momentum tail has been observed. Further investigations (including a dedicated 
simulation) will be done in the next months.

Halo reduction factors between 1.4 and 5.2  have been found.


