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unexplored region for 
positron excess! 

AMS Collaboration, Phys. Rev. Lett. 113, 121101 DAMPE collaboration,  Nature 552 (2017) 63  



can a Tesla/m magnet  
being replaced by 1 cm bent crystal? 
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CHANNELING 
Entrapment of charged particles by the ordered pattern 
of crystalline atoms 
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Key Ingredients 

 1. Maximum Angular Acceptance 
 

 2. Maximum Deflection Angle 
 

 3. Maximum Deflection Efficiency 
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𝜃 

𝐾= ​1/2 𝑝𝛽​
𝜃↑2  

1. Maximum Angular Acceptance 
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𝑈+𝐾< ​𝑈↓0  

𝐾= ​1/2 𝑝𝛽​𝜃↑2  

1. Maximum Angular Acceptance 
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|𝜃|< ​𝜃↓𝑐 =√⁠​2​𝑈↓0 ⁄𝑝𝛽   

J. Lindhard, K. Dan. Vidensk. Selsk. Mat. Fys. Medd. 34 (1965) 14 

1. Maximum Angular Acceptance 
~6 µrad @ 1 TeV/c 
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2. Maximum Deflection Angle 
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​𝑅↓𝑐 = ​𝑝𝛽/​𝑈′↓𝑚𝑎𝑥   

E. Tsyganov, Tech. rep., Fermilab (1976) Preprint TM-682 

​𝑅>10𝑅↓𝑐   
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E. Bagli et al., Eur. Phys J. C, 74 (2014), 2740 

​𝜃↓𝐷 = ​𝐿/𝑅 ~ 1 mrad 
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Channeling Deflection Efficiency 

E. Bagli et al., Eur. Phys J. C, 74 (2014), 2740 
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​𝑅↓𝑐 = ​𝑝𝛽/​𝑈′↓𝑚𝑎𝑥   

E. Tsyganov, Tech. rep., Fermilab (1976) Preprint TM-682 

Channeling Deflection Efficiency 

E. Bagli et al., Eur. Phys J. C, 74 (2014), 2740 

~1 mrad @ 1 TeV/c 

​𝑅/𝑅↓𝑐  ~ 6 

​𝜃↓𝐷 = ​𝐿/𝑅 ~ 1 mrad 
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3. Maximum Deflection Efficiency 

Charged & Neutral Particles Channeling Phenomena Channeling 
2018 27 September 2018 

𝜃 
​𝜃↓𝑠  𝑈+𝐾< ​𝑈↓0  

𝐾= ​1/2 𝑝𝛽​𝜃↑2 +∆𝐾  

𝜀∝​𝑒↑−𝐿/ ​𝐿↓𝑑𝑒𝑐ℎ   
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3. Maximum Deflection Efficiency 
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𝐿/ ​𝐿↓𝑑𝑒𝑐ℎ  ~0.03 @ 1 TeV/c 

​𝐿↓𝑑𝑒𝑐ℎ ∝𝑝𝛽 
V.M. Biryukov, Y. A. Chesnokov, V.I. Kotov, 
"Crystal Channeling and Its Application at High-Energy Accelerators" 



3. Maximum Deflection Efficiency 
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​𝐿↓𝑑𝑒𝑐ℎ ∝𝑝𝛽∙ ​(1− ​𝑅↓𝑐 /𝑅)↑2  

𝐿/ ​𝐿↓𝑑𝑒𝑐ℎ  ~0.04 @ 1 TeV/c, R 10 m 

V.M. Biryukov, Y. A. Chesnokov, V.I. Kotov, 
"Crystal Channeling and Its Application at High-Energy Accelerators" 
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Positrons    Electrons 



Dechanneling Ratio 
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Different 
dechanneling rate 

E. Bagli, V. Guidi, A. Howard, “High-energy e−/e+ spectrometer via coherent 
interaction in a bent crystal “, Astroparticle Physics 97 (2018) 27  
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Deflection in bent 
crystals 

Different 
dechanneling rate 

E. Bagli, V. Guidi, A. Howard, “High-energy e−/e+ spectrometer via coherent 
interaction in a bent crystal “, Astroparticle Physics 97 (2018) 27  
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Deflection in bent 
crystals 

Different 
dechanneling rate 

Channeling 
Spectrometer 

E. Bagli, V. Guidi, A. Howard, “High-energy e−/e+ spectrometer via coherent 
interaction in a bent crystal “, Astroparticle Physics 97 (2018) 27  
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e+/e- 1 TeV/c beam 
Si (220) Crystal – 1 cm long and 1 mrad bending 

Deflection Angle [microrad] 
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The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

e+/e- 1 TeV/c beam 
Si (220) Crystal – 1 cm long and 1 mrad bending 

Deflection Angle [microrad] 
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e+/e- 1 TeV/c beam 
Si (220) Crystal – 1 cm long and 1 mrad bending 

Deflection Angle [microrad] 



e+/e- ratio vs deflection efficiency 
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Si (220) Crystal – 1 cm long and 1 mrad bending 



EXPERIMENTAL DATA 
Test beam at the CERN SPS-H4 line 
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E. Bagli et al., Eur. Phys J. C, 77 (2017), 71 
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Crystal on 
Goniometer 

E. Bagli et al., Eur. Phys J. C, 77 (2017), 71 

Incoming 
Beam 



CERN SPS-H4 line 
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Silicon 

Silicon 

Crystal on 
Goniometer 

E. Bagli et al., Eur. Phys J. C, 77 (2017), 71 

Incoming 
Beam 
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E. Bagli et al., Eur. Phys J. C, 77 (2017), 71 D. Lietti et al. NIMA 729 (2013) 527–536  
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Positrons 
Electrons 

Particle Condition r.m.s. 
(µrad) 

e+/e- Not Aligned 8.8± 0.1 

e+ Channeling 7.6 ± 0.4  

e- Channeling 10.3 ± 0.2 
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Particle Channeling 
Efficiency (%) 

e+ 54 ± 2  

e- 2 ± 2  
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Can a Tesla/m magnet  
being replaced 

by a cm-long crystal? 



THANK YOU FOR THE ATTENTION 
bagli@fe.infn.it 
alexander.howard@cern.ch 


