IDENTIFYING PARTICLE TYPES

BY THEIR

INTERACTION IN DETECTORS

	Type
	Tracking
	EM Calorimeter
	Hadron Calorimeter
	Muon Counter
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*Κ0 → π+ + e- + υ

How are energy and momentum related in High Energy Physics???

m = mass = relativistic mass 

mo = rest mass

Eo = rest energy = moc2 – measured in eV, MeV, or GeV units

p = momentum = rel. momentum = γ m v   & γ = (1 – v2/c2)-1/2        v in (m/s) & c = 3x108 m/s


or if β = v/c (fraction of c) then γ = (1 – β2)-1/2
p can be expressed in units of GeV/c or GeV if p is in GeV/c, then E = pc is in GeV

E = total energy of particle = E = moc2 + KE   (in GeV)





E = γmoc2  (in GeV)

For a particle where units of c = 1,  E2 = m2 + p2  (all in eV, MeV, or GeV)





(m + KE)2 = m2 + p2



m2 + 2mKE + KE2 = m2 + p2   (cancel m2’s)





2mKE + KE2 = p2   and 

IF KE>>m, or KE2 >>2mKE, THEN KE2 ≈ p2  and E ≈ KE ≈ p

[NOTE:  sometimes you will see it written as E2 = (moc2)2 + (pc)2]
OK, How do we measure (calculate) the total momentum????

First, consider that momentum is a 3D vector, so  pt2 = px2 + py2 + pz2, or in vector form, pt = px + py + pz  In our experiment, the magnetic field is along the z-axis.  So, any particle moving along the z-axis would not experience a magnetic force….only particles moving in the plane perpendicular to the z-axis would experience the centripetal force provided by the magnetic field, B.  So, I interpret or visualize the total momentum as having two components, one parallel to the field (pz) and one perpendicular to the field (comprised of both px & py).  

Let’s concentrate on the pz for a moment…They really don’t tell you, but “L” in the data is the distance in the z direction which the particle travels during 1 period (T) of the helical path.  This means that the momentum (mv) must be calculated during one period.  So, we have the following relationship…pz = m vz = where vz can be calculated using the distance traveled during the time interval ”L” and the time for one revolution (T) according to the relation pz = m L/T and our task is to determine the period of revolution…..Equate centripetal force and magnetic force..

Fc = FB

mv2/R = qvB. .   Cancel one of the v’s….mv = qBR  (hold for later!!) 

Another expression for Fc is m(4π2R/T2).  Equating this to qvB results in the following..


T2 = 4π2Rm/qvB   substitute for R = mv/qB into original equation to obtain...


T2 = 4π2m2/q2B2   or simply, T = 2πm/qB.

Now, return to pz = m L/T.  This results in 



pz = mLqB/2πm   cancel m’s  pz = LqB/2π  Hold on to this!

Returning to the momentum in the plane perpendicular to the magnetic field…We found that pxy or p┴ = mv = qBR.  Now, we have a ;units problem….We usually measure momentum in kg m/s, where q is in coulombs, B is in Teslas, and R is in meters.

Let’s follow the units…   [C T m = C (N/Am) m = C (N/A) = C (N/(C/s) = Ns = kg m/s

We want the units to be in MeV/c, so we use  c = 3 x 108 m/s and 1 MeV = 106 x 1.6 x 10-19J



1 MeV  =  106 x 1.6 x 10-19 J  =  1.6 x 10-19  kg m/s


    c    

3 x 108 m/s 

300

So, 1 kg m/s = (300/1.6x10-19) MeV/c     Now, let’s use this to calculate p┴……
p┴  (in MeV/c) = (300/1.6x10-19)[q in C](B in T)[r in m] OR

p┴  (in MeV/c) = (300/1.6x10-19)[(q in qe)(1.6 x 10-19C/qe)](B in T)[(r in cm)(m/100cm)] OR

p┴  (in MeV/c) = (3)[q in qe] [B in T] [r in cm] and finally if q = 1 qe,


Now, we return to the pz = LqB/2π.  We must convert the kg m/s to MeV/c units in a similar manner!!!

pz (in Mev/C) = [L (in m)][q (in C)][B (in T)]/2π  OR

pz (in Mev/C) = (300/1.6x10-19)[L (in cm)(m/100cm)][(q in qe)(1.6 x 10-19C/qe)][B (in T)]/2π OR

if q = 1 qe, then


p┴  (in MeV/c) = [3] [B in T] [r in cm]











pz (in Mev/C) =[3] [B in T] [L in cm]/2π








