Study of cosmic ray
deflection on the Pb brick

Changhua Hao, Yuhui Miao, Xingyang Sun, Ligang Xia, Lei Zhang

Nanjing University

+ Experts/Students from Purple Mountain Observatory



W

74

- = ———

—
=
f—
=
—
=
=
=

i

—

Data taking and Track alignment

Data taking without Pb brick for track alignment calibration: 2 weeks
Data taking with 3cm Pb brick for scattering measurement: 3 weeks

Now the detector is shut down and will be disassembled soon (next

week).

L &
Index X (mm) y (mm) z (mm) x° y° z° 3cm 'EIZ)I;IL ik
0 -0.4287 0 1.255 3.39e-06 0.03748 -2.08e-06 —
1 0 0.1759 5.651 0.04047 -5.80e-07 -1.19e-06
2 -0.04316 0 99.76 -3.39e-06 0.0001083 -1.96e-06
3 0 0.6328 105.1 0.06500 -1.35e-06 -1.20e-06
4 1.008 0 198.9 -2.55e-06 0.004195 -1.98e-06
5 0 -1.288 204.1 0.06613 -2.06e-06 -1.16e-06
6 -0.3751 0 4493 -3.93e-06 -0.004489 -1.94e-06
7 0 0.5503 455.1 0.06119 -1.05e-06 -1.21e-06
8 -0.6118 0 600.2 3.32e-06 0.03260 -1.98e-06
9 0 -0.01147 604.5 0.05863 -1.20e-06 -1.20e-06
10 0.4509 0 750.6 4.06e-06 0.04160 -2.10e-06

" 0 -0.05971 755.6 0.04537 -6.30e-07 -1.21e-06




Residuals after track alignment

After track alignment, the detector resolution is 63.5um at best and 212um at worst.
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Data with lead brick
Event Number: 0
A8 =0.008 rad
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Deflection angle calculation

* incoming track: (kyz + by, k,z + b,,z) < (k{Az, k,Az, AZ)
* scattered track: (k;'z+ b', k;,'z+ b,’,z) < (k{'Az, k, Az, AZ)

 deflection angle:
kiki+ kyk, +1

JKZ + k2 + 1) (k% + k2 + 1)

cosf =




Examples for big deflections

X [mm]

Y [mm]

140
120
100
80
60
40
20

140
120
100
80
60
40
20

Data with lead brick * hmaX)
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Data with lead brick
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Data with lead brick
Event Number: 1536
A0 =0.071rad
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Number of Tracks

Deflection angle distributions

before alignment after alignment simulation
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Energy filter
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* For 1 GeV, the stopping power is
about 1.5 MeV cm”2/g

* Lead density is 11.3 g/cm”3.

* Assume a thickness of 60 cm

11.3*1.5*60=1017 MeV
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Geant4 simulation

Number of Tracks

300

200

100

P P

ol ]
0 0.02 0.04 0.06 0.08 0.1
Deflection Angle [rad]

1GeV 2GeV 5GeV

Events

C Entri et 999 | @ h._theta @ h_theta h_theta
r es 2 a5 Entries 999 £ L Entries 1000 £ F Entries 1000
L Mean 003907 | & | & & o
r StdDev 001955 o [ Mean 00208 = r Mean  0.008408 2 F Mean  0.004481
25— ! = o145 U | @ 180
n 40| Std Dev 0.0 100 Std Dev  0.004596 - Std Dev  0.002575
: k- : 140 10GeV
20— F L o
r 30~ 80— 120}
15— 25— L 100
C = 60— u
r 20— - 80
10— = r o
u 15 a0l 60{-
5o 10F5 - a0l
C F 20— E
I P T D I D DU I I | b Bl U & - 20~
0 001 002 003 004 005 006 007 008 009 0.1 F C
defiaction angle [rad] T T Ry v r [ ‘ i [ i [ | | i P s P T NP TS NI R B s S
0 001 002 003 004 005 006 007 008 009 0.1 oler ol bdpred v b by b b be i bens
' 0 001 002 003 004 005 006 007 008 009 01
deflection angle [rad] 0 0.01 002 003 0.04 005 006 0.07 Angﬂ?inn S;E‘IQD lmg].1 deflection angle [rad]
50 _ h2xy — 50 h2xy — 50 h2xy — 50 i h2xy
£ Entries 999 E E Entries 999 E E Entries 1000 E F Entries 1000
= - " Meanx  —0.2466 = = Meanx -0.06596 = = Meanx  -0.2337 = F Meanx 0.01887
40 . 40 40 a0
E - Meany _p.7221 ' z E Meany _004649 | ' z E Meany _002648 | ' z = Meany  0.03547 '
s - StdDevx 1326 = g9 E SdDevx  6.934 = a0 E StdDevx 2822 s @ = StdDevx  1.477
e StdDevy 13.39 £ E - . StdDevy  7.041 £ E Std Devy 2758 £ F Std Devy  1.537
20F- ) 20F- 7 20F- T 20F-
E . - E E 14 E
L 25 )= 6 10
- E 12 E - -
; 2 ofF- - 5 . of- ..ﬁ
= . 10 = .
) 15 -10F- 4 o -1of-
.. ) ; -20F- 3 s -20F-
-30F— 2 4 -30f—
R 05 —40F- - 1 2 ~40-
| =W U N P P PR PR P P N | = BRI N PR PR PR N TS N S | = PR NP P PR P PR N BT S JIT)) S P PN SN I D S DR S
050 a0 a0 20 -0 0 0 20 80 40 50 ° 050 a0 a0 20 S0 0 10 20 00 a0 a0 20 S0 o 10 20 0 -50 -40 -30 -20 -10

0
final hit X [mm] final hit X [mm)] final hit X [mm)] final hit X [mm)]



Geant4 simulation of muon energy filtering

setup:
e a 60-cm-thick Pb brick
e asilicon detector with 10cm from the Pb brick

muon injection

Si detector

In reality, we have

48 cm Pb bricks at the bottom of the detector

* 4 layers of Reinforced Concrete (density is 2.5g/cm”3)

60 cm Pb brick * each layeris 10cm-15cm thick.

* the total effective Pb thickness is
48+4*(10~15)*2.5/11.3=57~61 cm.




muon energy filter: 60 cm Pb brick

1000 muons with p=1GeV at production
pass rate=16% (10cm between Pb and detector)
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Energy filtering efficiency for a 60cm-thick
lead brick
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Cosmic muon energy spectrum
approximation
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Paper: https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0144679



https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0144679

Geant4 simulation for cosmic muons
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Luminosity measurement (Bhabha events)

* Bhabha cross section explodes at ~0 degree. ¢ ool -
* E(e+/e-) > 100 GeV (CEPC) g ]
* In this scattering experiment, we cannot measure muon “g 400} -
energy. The data indicates that the deflection angle is < 0.005 E 3005 Zitai experiment ,
for muons > 10 GeV. = .
* Based on this, how much uncertainty? 200 -
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Summary

* Preliminary analysis of the lead scattering data

* The scattering angle distribution is consistent with geant4 simulation
(based on rough muon energy spectrum and efficiency)

* Work to do:
* Precise muon energy spectrum and energy filtering efficiency
* Consider different muon directions at injection

e Estimate the impact on the luminosity measurement using bhabha due to Be
pipe
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Deflection angle distributions

Coulomb scattering cross section:
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Examples for bad tracks
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muon energy filter: 60 cm Pb brick

1000 muons with p=2GeV at production
pass rate=61.6% (5cm between Pb and detector)
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muon energy filter: 60 cm Pb brick

1000 muons with p=15GeV at production
pass rate=100% (5cm between Pb and detector)
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