Notation:

All quantities with an asterisk all in the c.m. and all other quantities (if not invariants) ar in
the lab system. Subscripts used for projectile, target, and final state particles are p, t, 1, and
2, respectively.

T, projektile kinetic energy S total invariant mass

Py projectile lab momentum t four momentum transfer

0; azimuthal scattering angle o polar angle of final state particles
T Time of flight Zs intercept in slab layer

Zr intercept in ring layer where particles strikes detector element
R Radius of slab-layer R, radius of semiring-layer

E; total energy of particle ¢ T; kinetic energy of particle 7

s momentum of particle 2 P; four-momentum of particle ¢

Pl longitudinal momentum component  p; transverse momentum compontent
K> c.m. energy of all particles P c.m. momentum of all particles
Yem.  Lorentz parameter lab to c.m. Bem.  Lorentz parameter lab to c.m.

i Lorentz parameter for particle i B; Lorentz parameter for particle i
my, proton mass

A useful function is the “triangle function”

Ma,b,e) = a® + b + ¢* — 2ab — 2ac — 2be (1)
Four momenta are defined as:

P, = (Ei,pi) ; PPy = E\Ey — pi - py (2)

Throughout, units are used, where ¢ = A = 1
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Some useful formulaes for pp elastic scattering:

Conversion: beam momentum-kinetic energy:

Pp = Tp(Qmp + Tp)

Invariants:

s:(Pp—I—Pt)Zz(P1+P2)2:2mp(2mp-|—Tp)

L= (P, — P1)* = (P, — P)* = 2{m? — (E*)? + (p*)* cos(05) } = m, T, {cos(65) — 1}

Lorentz-boost parameters:
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c.m. quantities:

lab quantities:

Symmetric angle:

1
0sym = arctan
Ye.m.
\V/ R? + 2]2 RjEi R]‘Ei . .
Tii = = = - o1 =1,2; g =s,r
’ Bi pL;  prsin(6y)
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lab to c.m. conversion:

sin(@’-‘) )
t (92 == L ; 1 = 1,2
) = e 1y

1 - cm2t 2 92
COS(&?) — : — Ye. .2 an2( )
Ye.m.2 tan®(6;)

*
tan - = v tan 6;
9 Ye.m.

dQ B {14+ Yem.? ta112(92~)}2 cos®(6;)
o= 4 Yom.?

A vem. {1+ tan2(9;‘/2)}2
* - 3
e 4\/7”,1.2 + tan®(67/2)
Relations implied by pp-kinematics:

|1 — 2 |=m

R? _ ,
tan(6;) tan(fy) = ! = vem. oi=s,r
Zj,1%5,2
2R;Yem.
Zjvl —I_ Zj72 = Si]"i(g*r;l ’ ] = 877“
1
KRR tan(07) ' -
R: s
Tia + Tz = - J=s,r

mypy /s — 4m?2 sin(07) ’
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