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(I) 

•  IntroducNon 
•  Something about historical detectors 

•  Space detectors  



Our aims: 

PARTICLE IDENTIFICATION 

ENERGY MEASUREMENTS 

ARRIVAL DIRECTIONS 

TIME VARIATIONS 



Wide range of energies: 

•  Dark maXer          103 eV  
•  Solar/SN neutrinos      106 eV 

•  Gamma‐rays          103 – 1012 eV … 1021 eV   

•  Charged CR:          106 eV – 1021 eV 

•  C. neutrinos          … 1021 eV   



Wide quality of detectors 

•  ‐dE/dx 
•  Secondary/cascade measurements 

• MagneNc deflecNon 

•  Cherenkov 
•  AcousNc 
•  Radio 



Wide range of dimensions 

•  dark maXer / space detectors   ( < m) 
  LE neutrinos  (10 – 100 m) 
•  “sampling arrays”  
  Acceptance area >> sensiNve area  
  (Auger: 3000 km2 vs 16000 m2… factor 200000!) 
  Shower detectors  
•  Extensive Air Showers (HE CRs, Gamma rays) 
•  Underwater/ice neutrino (km)  



Wide range of locaNons 

•  Space 
•  Ground based 
•  … sea level… mountain… “deserts” 
•  Underground 
•  Underwater 
•  Under‐ice / on‐ice 
+ long duraNon, stable observaNons 
+ sensiNvity to bursts 



DIRECT/NON‐DIRECT 
observaNons 

•  DIRECT : the parNcle under study interacts in 
your detector: you can measure the parNcle 
itself or its products (as for photons) 

•  NON‐DIRECT:  the secondaries produced by 
the parNcle are detected: typical of ground 
based charged parNcle experiments 



THE EARTH ATMOSPHERE 

ATMOSPHERIC 
PRESSURE 

ALTITUDE A.S.L. 



THE EARTH ATMOSPHERE 

ATMOSPHERIC 
PRESSURE 

ALTITUDE A.S.L. 

Photon m.f.p. (pair producNon) 

Proton m.f.p. (hadronic int.) 

H > 15 km 

x 1010 TeV neutrinos m.f.p.  



A few words on history… 

•  Detectors and methods 
Why… 

‐  to start with the basis of our detectors 

‐  and also to stress the “globality” of CR 
detectors and remind that these methods    
are ready to be applied on different scales 



THE DISCOVERY OF COSMIC RAYS 

The electroscope 

When electroscope is charged, the leaves (A) are  
pushed apart 
The ionizaNon of the gas inside discharge the  
electroscope and the leaves move towards each other. 
The rate at which the leaves came together measured  
the amount of ionizaNon. 

Spontaneous discharge of the electroscope ! 

1901 Wilson: the discharge is idenNcal on the ground  
and in a tunnel 
X‐rays and radioacNve substances discharged the 
electroscopes 
Rutherford:  this is due to the natural radioacNvity 
1912 V. Hess: COSMIC RAYS 

COLLECTIVE DETECTOR 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and 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1912 V. 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COSMIC RAYS 

COLLECTIVE DETECTOR 

Wulf 



Geiger: the point counter 

1929 ==> Geiger‐Muller counter, avalanche 

SINGLE PARTICLE DETECTOR 



Coincidence:  
Bothe and Kohlhoerster 

(Field of views, direcNons, parNcle penetraNon, trigger) 



The coincidence circuit 
B. Rossi 

‐ 

+ 



Earth magneXc field 

E [eV] = 300 B Rc  [gauss cm] 

B     geomagneXc field 
Rc   radius of Earth 

(B Rc)E = 0.32 x 6.4 108 = 2 108 gauss cm 

EE  = 300 x 2 108 [eV] = 60 GeV 

ParXcles with E < EE can be affected by Earth 

γE = 300 (Ze/MeV) B Rc  [gauss cm]  



Earth environment as  
a magneNc analyzer  

Allowed and forbidden direcNons 



Atmosphere as a magneNc analyzer  
laNtude effect 

CR charged parNcles 

Allowed and forbidden direcNons 

Clay 1927 Leiden‐Java Compton 



Atmosphere as a magneNc analyzer 
CR dominated by posiNve charges  

E‐W effect 1933  Johnson+Alvarez 
Mexico City 29 deg North 
10% @ 45 deg 
Rossi + De Beneder 
Asmara 11 dg North 26% 
Excess from West ==> posiNve 

10 GeV                 60 GeV                    
EAST                 WEST 



DIRECT Space “classical”  
energy/parNcle idenNficaNon 
Experiment (E vs ‐dE/dx)  



Space “classical”  
energy/parNcle idenNficaNon 
Experiment (E vs ‐dE/dx)  

Geometry 
‐ dE/dx 

Energy 
Calorimetry 

AC for 
Containement 

Incident parXcle 





A “calorimeter” light collecNon 

PHOTOMULTIPLIER YES 

NO 

photons 

Incident parNcle 

I ~ nph ~ Eloss ~ Eo 



Calorimetry 
Energy is converted into “quantum” (photons, pairs… 
                scinNllator, semiconductors…) 

n of quantum detected = n0 . ε
n0  = quantum produced = Eo / Eq  (Eq = energy necessary to produce a 
                  quantum: 100 eV, 1 eV…) 
 ε = quantum recording efficiency 
ResoluNon dominated by staNsNcal fluctuaNons: 

σ(Eo) / Eo  =  √ n / n =  1 / √ n  =  √ Eq/ε Eo = c / √ Eo 

σ(Eo) / Eo about “ 10 % /√ Eo (MeV) ” 

With scinNllator and ε   about    1 % (ε assumed including e.g. q.e.) 



Energy losses of charged 
parNcles & space detectors 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Cherenkov light 
QualitaNvely: polarizaNon of the molecules of the medium due to the electric 
field of the incident parNcle. The depolarizaNon composes destrucNvely in all 
direcNons except, for ultra‐relaNvisNc parNcles, in direcNon θc (as for a shock 
wave from a supersonic aircra{) 

Threshold velocity:   βs = 1/n   θc ~ 0 

Maximum angle:     θmax= arcos(1/n)  



Cherenkov light 

Number of photons emiXed 
per path‐length and 
wavelength unit. 
It decreases with increasing λ.  



Cherenkov light 

ΔE =1 eV ~ Δλ = 300  ‐ 600 nm 

deg 



Cherenkov light 

‐   Energy measurement and parNcle idenNficaNon 

‐  Threshold 

‐  Angle 

‐  ParNcle idenNficaNon: 

  β    +   momentum (e.g. through a magneNc field) 

  => mass 



SUPER‐KAMIOKANDE  
CHERENKOV LIGHT MUON DECAY 

SUPER‐KAMIOKANDE: huge underground water Cherenkov light detector 



SUPER‐KAMIOKANDE  
CHERENKOV LIGHT E.M. SHOWER 



Cherenkov detectors HEAO‐C3 

n = 1.015 Eth = 4.5 GeV/nucl 

        1.33            0.5 

isotopes idenNficaNon  
through arrival direcNons  
and selecNon of forbidden  
zones in the Earth magneNc  
field  



Atmosphere as a magneNc analyzer  

Allowed and forbidden direcNons 
given γ   (measured by CL)  
depend on M 

γE = 300 (Ze/MeV) B Rc  [gauss cm]  



HEAT‐pbar (High Energy AnXmager Telescope)  

  SuperconducNng Magnet Spectrometer with Dri{ 
Tube Hodoscope (DTH), MulNple IonizaNon (dE/dx) 
Detector and Time‐of‐Flight (TOF) system. 

HEAT‐pbar 

Launch 
9 am 



IdenXfying AnXprotons with HEAT‐pbar 

•  DTH: 

–  p from amount of bending in B=1T 

–  Sign of Z from direcXon 

pbar p p 

Xe Gaz chambers 



IdenXfying AnXprotons with HEAT‐pbar 

Up going proton (albedo 
parNcles) looks like down 
going anNproton ‐> Need 
to know start and stop in 
the +me‐of‐flight 

pbar p 







The cloud chamber 
(1929) 

C.T.R. Wilson 

Fast expansion of gas in order 
to decrease temperature and 
over saturate the gas 
CondensaNon of drops on the 
ions produced by parNcles 

Blacket Occhialini (1931 ‐ 1934) 

Controlled by external trigger 



E.M. SHOWERS 



CALORIMETRY AT HIGH ENERGIES:       
E.M.   CASCADES 

N(t) = 2t 
E (t) = E0 / N(t) = E0 / 2

t       
up to E(t) > Ecrit 

for E(t) < Ecrit     
   ‐(dE/dx)coll   absorpXon 
  
E(t) = Ecrit    N(t)  MAX 

Ecrit = E0 / 2
tmax        2tmax = E0 / Ecrit       

tmax = ln (E0/Ecrit) / ln 2 
N(t)  MAX  = N (tmax) = E0 / Ecrit 

p (N) + A   π+ + π- +  π0 + ……. 
    π+ ,  π-     decay, interact 
    π0    γ + γ   

MEASUREMENT  OF INTEGRAL BELOW THE RELATIVE CURVE 

1 c.u. in carbon ~ 15 cm 



WHEN ENERGY CANNOT BE CONTAINED: 
SAMPLING CALORIMETERS 

ΔE  ~  Xsens/Xtot 

~ 10 / 500 ~ 2 % 

sens:   
1  l r  ~ 15 cm 
ρ       ~  1 gr cm‐3 

Ec     ~  80 MeV 

abs:  
1  l r  ~  1.8 cm  
ρ     ~  7.8 gr cm‐3 

Ec    ~   20.7 MeV 

SensiNve material 

absorber 



Sampling Calorimeters  
Grigorov PROTON satellites 

Fe 5 cm 
Scint. 1.5 cm 



PROTON satellite calorimeter 

Telescope: 
A = 1369 cm2 

Cerenkov counters (plexiglas): 
DirecNon + charge 
Calorimeter depth (Fe) 386 g/cm2 

X ~ 2.7 λFe 
50% energy released 
Eo = 3.9 . Er   (Eth = 29 GeV) 
ΔE/E ~ 20 % (my esNmate) 



FracNon of energy released  
inside the calorimeter 



Hadron sampling calorimeters: 
resoluNons 



EMULSION CHAMBERS ON BALLOONS 
JACEE                         
RUNJOB 



Nuclear 
Emulsions 

high energy  
hadonic interacNon 
producNon of secondaries 
fragmentaNon regions 

==> elementary parXcle 
       and high energy physics 





Gamma rays from first interac+on detected  



RUNJOB e.m. calorimeter 



Energy resolution of γ- core  method 



Conversion from shower energy to 
primary energy kγ: fraction of energy 

transferred to photons in first interaction  

} 

γ-rays 

ΣEγ

Ep 

kγ



Charge determination in RUNJOB 



                           Charge resolution 



New  
space  

detectors 
ATIC 

Long duraNon flights  
In AntarcNca 



ATIC Instrument Details  
• Si‐Matrix: 4480 pixels each 2 cm x 1.5 cm mounted 
on offset ladders; 0.95 m x 1.05 m area; 16 bit ADC; 
CR‐1 ASIC’s; sparsified readout. 

• ScinXllators: 3 x‐y layers; 2 cm x 1 cm cross secNon; 
Bicron BC‐408; Hamamatsu R5611 pmts both ends; 
two gain ranges; ACE ASIC. S1 – 336 channels; S2 – 
280 channels; S3 – 192 channels; First level trigger: 
S1‐S3 
• Calorimeter: 8 layers (10 for ATIC‐3); 2.5 cm x 2.5 
cm x 25 cm BGO crystals, 40 per layer, each crystal 
viewed by R5611 pmt; three gain ranges; ACE ASIC; 
960 channels (1200 for ATIC‐3). 

Data System: All data recorded on-board; 70 Gbyte disk (150 Gbyte for ATIC-3); LOS data rate – 
330 kbps; TDRSS data rate – 4 kbps (6+ kbps for ATIC-3); Underflight capability (not used). 
Housekeeping: Temperature, Pressure, Voltage, Current, Rates, Software Status, Disk status 
Command Capability: Power on / off; Trigger type; Thresholds; Pre-scaler; Housekeeping 
frequency; LOS data rate, Reboot nodes; High Volt settings; Data collection on / off 
Geometry Factors: S1-S3: 0.42 m2sr; S1-S3-BGO 6: 0.24 m2sr; S1-S3-BGO 8: 0.21 m2sr  





40% 





AntarcNca long duraNon flights 



Flight and Recovery 

The good ATIC-1 landing on 1/13/01 (left) and the not so good 
landing of ATIC-2 on 1/18/03 (right) 

Launch of ATIC-2 in Dec. 2002 

ATIC is designed to be 
disassembled in the field 
and recovered with Twin 

Otters.  Two recovery 
flights are necessary to 

return all the ATIC 
components.  Pictures 

show 1st recovery flight of 
ATIC-1 



CREAM 
(long balloon flights: 42/28 days) 

•  1143 

W = 1143 kg  P = 379 W  dim = 180 x 180 x 128 cm3 

Acc = 0.3 m2 sr  (2xATIC) 

Calorimeter: 20 Xo tungsten sampled every Xo;  
        sampling fracNon 0.3% (scinNllaNng fibers) 



SEE YOU TOMORROW…. 

……. GROUND BASED DETECTORS 


