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HALO - simulation

Francis Newson



AKL: Kμ3

• After Kμ2 selection, Kμ3 

events remain in which 
photons have missed the 
LKr 

• AKL counters could be 
used as a large angle 
photon veto
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AKL: definition 

• Following Luigi Di 
Lella( 2007-08-09 ), look 
at the AKL PU, in my Kμ2 
selection 

• Might help with Kμ3 

• look at PU[15], bit[7], 
slice 6, 7 

• OR of ( OR of 2 layers ) 
for all 7 pockets

The hole and the three counters were aligned among
themselves on an optical table, and relative to the KS

collimator axis. The counter (AKS4) used to define the
beginning of the decay region was the central one of the
three circular counters; all the other counters were used
to monitor its efficiency, which was measured to be
0:9993! 0:0003.

In between the square scintillator and the three
scintillator disks was placed the photon converter that
could be moved remotely into/out of the KS beam. The use
of a crystal converter was particularly suited to this
application because, for photons with incidence angles
near crystalline axes, the pair production cross-section is
enhanced due to effects of coherence [36]. Different crystals
have been considered for the AKS converter and tested in a
tagged photon set-up at the CERN SPS [37].

The converter used in the AKS was an iridium crystal,
2.96mm thick, corresponding to 0:9786X 0 of amorphous
iridium; if aligned properly, it corresponded to 1:79X 0 for
an average photon from a KS decaying upstream of the
AKS. The alignment of the crystal was found by
maximizing the conversion of photons in the KS beam
and was routinely monitored during data taking using
the photons produced by p0’s present at high rate in the
KS beam. The advantage of the enhanced pair produc-
tion cross-section is that the thickness seen by the KS

beam is minimized, therefore reducing the undesired
scattering of the beam, while achieving an efficient photon
conversion. The effective position of the AKS for neutral
events was fixed within the converter at the depth
corresponding to 50% photon conversion probability,
while for the charged events it was located in the
scintillator used as a veto (AKS4). Hence there was a
difference in Z of 21mm between these two positions and a
correction was applied to account for kaon decays
occurring in this space.

The end of the fiducial region for both KS and KL,
as well as its beginning for KL, was defined by software
cuts.

5.3. AKL

The design of the large-angle Anticounters (AKL) were
optimized to detect photons outside the LKr calorimeter
acceptance. The AKL consisted of scintillation counters
arranged in seven pockets of steel placed along the
decay tank. Each pocket (Fig. 18) was longitudinally
segmented into two similar layers of counters with a 35mm
thick steel plate in front, which acted as photon converter.
The resulting total photon conversion efficiency was
" 95:5%.

The counters, with trapezoidal or rectangular shape,
were made of 10mm thick NE110 scintillator plate. They
were arranged to cover an annular shape around the
calorimeter acceptance. The polar angle covered by the
detector was from 10 to 50mr for decays occurring along
the z-axis in the fiducial region.

The number of counters per layer was 12 for the first
four pockets and eight for the remaining ones.
The typical dimension of each counter was approxi-

mately 2000# 250mm2. Each counter was read out at the
two ends. At each end the signal was discriminated with a
Constant Fraction Discriminator (CFD) to compensate for
the jitter due to the amplitude range. The variation in
position of a hit along a 2m long counter led to several
nanoseconds of difference between the signals at the two
ends of a counter. To correct for this effect a mean timer
(MT) was implemented at the hardware stage to average
the time between the two discriminated signals. Given the
small ratio between width and counter length, the average
time was almost independent of the hit position across the
counter. The signals from the MTs of a given pocket layer
were aligned in time and split into two formed signals to
generate the inputs for a fast trigger and to the individual
readout. To minimize the random veto probability due to
the high rate expected in the counters, the signal length was
constrained to less than 10 ns. For the fast trigger chain the
counters of a pocket layer were OR-ed together to provide
a signal associated with a hit in any of the counters in a
layer. These ORs were finally aligned in time and summed
up to constitute the overall AKL signal to be used in veto.
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Fig. 18. Structure of an AKL pocket.
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AKL: impact
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• It looks like a large fraction of Kμ3 has been 
removed, with reasonable efficiency for Kμ2

Kµ2
Halo
K3!
K2!
Kµ3

Data

m2miss

random veto

Kμ3



AKL: extraction
• Very rough estimates  

 ( remove 80% of Kμ3, 10% systematic uncertainty )  
          → O(2) improvement in limit possible 

• More detailed study requires AKL hits 

• Not present in SCMP, so copy from CMP 

• Available for P5 data, might need to run MC again



Pattern Unit
PU channel 15 is dedicated to AKL

10010000 101110000
ANDs ORs

AND of the two 
layers in 

 AKL POCKET 2

OR of the two 
layers in 

 AKL POCKET 3

OR of the 
7 bits to 
the right



   AKL Hits  
   11000000 11000000 
!
   PU CHANNEL:    15 
   00000000 00100000 
   10100000 10100000 
   00000000 00000000 
   00000000 00000000 
   00000000 00000000 
   00000000 00000000 
   00000000 00000000 
   00000000 00000000 
   00000000 00000000 
   00000000 00000000

AKL Hits 
11011100 11111100 
    
PU CHANNEL:    15 
00000000 00000000 
00101000 10111110 
10101000 10111010 
00000000 00000000 
00000000 00000000 
00000010 10000110 
10000010 10000010 
00000000 00000000 
00000000 00001000 
00000000 10001000

AKL: hits
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AKL: Pockets
AKL: 
         2      6936 
         3      8506 
         4      5922 
         5      4551 
         6      2305 
!
PU: 
         1      2363 
         2      2347 
         3      2518 
         4      2247 
         5      1151

• In both AKL data and PU, 
we only see 5 pockets 

• Is there any reason to 
expect this?



DCH

• Study tails of DCH resolution, using pure K2π events 
selected using LKr 

• Look at Δpπ+  between DCH measurement and LKr 
reconstruction 

• Also look at endpoint of pTπ+ measured in DCH 



DCH: z vertex

• Non-zero mean dZ for neutral vertex is probably due to asymmetric 
far tails rather than a systematic reconstruction error
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DCH: θy

hdty
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DCH: θy - data vs MC
hdty
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Fill this gap by kicking a 
subsample of pi+ in the DCH



DCH: extra scattering

hpt_dch
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Do dydz →dydz + K, with p(K) = r x Gauss( 0, σ )+(1-r)δ(0) 
r = 3x10-3 ; σ = 5x10-3



DCH
• Tails in θy can be filled by performing a gaussian 

distributed kick on a fraction of events. 

• But PT spectrum is disturbed too much 

• Are there other contributions to θy which are 
imperfectly reproduced in MC? 

• Conservative solution: use the fit from θy and apply 
to Kμ2  even though it over corrects the PT spectrum



Halo: simulation
• Using HALO program as an alternative to data 

driven estimation of background 

• Used BlueBear facility at Birmingham to generate 
large samples of K+ and PI+ 

• Quite inefficient as most particles don’t reach DCH 

‣ simulated 125x109 each of K+, PI+ 

‣ plotted 25x103 K+ and 139x103 Pi+



Halo: results
h_m2miss

Entries  25436
Mean   -0.01639
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•  Both have a double peak structure but with a different shape



Halo: polarity

• Data ( with very tight kinematic cuts ) also shows double peak structure 

• Does beam polarity affect π/K ratio?

)2/c2 (GeV
miss

2m
-0.1 -0.05 0 0.05 0.1 0.15 0.2

Ev
en

ts

0

20

40

60

80

100

120

140

Reconstructed Missing Mass

)2/c2 (GeV
miss

2m
-0.1 -0.05 0 0.05 0.1 0.15 0.2

Ev
en

ts

0

20

40

60

80

100

120

Reconstructed Missing MassP6 K- ( positive polarity) P6 K- ( negative polarity)



Halo: data vs MC

• Data looks similar 
to simulated 
kaons alone 

• Peaks are 
smeared out

h_m2miss
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Halo: next
• π/K ratio: 

• Need understand simulation forced decay 

• what are the values in data? are they fixed? 

• What is the effect of beam polarity 

• Could I apply extra smearing → smoother mass 
spectrum?  

• Is there another source to consider



Conclusions

• AKL looks promising, O(2) improvement in limit 
possible 

• DCH can be ( over- ) corrected in MC 

• Approximate halo distribution can be reproduced 
using HALO


