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What is Mt5,?

What is kinematic constraints?

What is their relation?

What is the use?



New physics and missing particles at hadron colliders

visible

visible

What are the masses for Y, N...?
> Mr2
» Kinematic constraints



Outline

What is Mt5,?



Transverse mass: M+t

oy, o, 2+1 momenta:
ag = (Ef,px,py), v = (E¥,pX,py)
Ef = /(pO? + ()7 + M2, EY = \/(pY)? + (py)? + m2.

Transverse mass: the 2+1 dimensional invariant mass

M2 = (ag + a)%



Properties of M+

Mr < My.

The equality holds for n, = n,,.
The 4d invariant mass equals the 2+1d invariant mass when /¢
and v have the same rapidity.
» Same rapidity = a common longitudinal boost to
transverse plane.
» My invariant under longitudinal boosts.



M+, (S-transverse mass) Lester etal.

» Trial N mass, uy.
» Consider all partitions of pr = p(Tl) + p(T ),

Mr2(un) = mlnp p® g, [max{Mr (1, 3; un), M7 (2,4; un)}]



In other words...

Mr2(un) = mlnp o@D g [max{Mr (1, 3; un), M7 (2,4; un)}]

Mt is the minimum M satisfying
(al + a3)2 = MZ,
(a2 + ag)? < M2,

2
pt +pf = gy



Example event
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M+, endpoint

Mt, endpointis my if uy = my.
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Outline

What is kinematic constraints?



An example: tt .

W v

proton

antiproton

<1

p2=p3=0,
(py + p|+)2 =(ps + p|_)2 = m\%\l’
(Py + P+ + Pp)? = (P + Pi- +Pg)? = m?,
Pl +ps =0, p)+pL=p".
P, P - ... 4-momenta.

Assuming m¢, my,, m, on shell, we can solve the system for p,,
and pgz.

» Can we determine masses for new physics with the same
topology?



Outline

What is their relation?



“Minimal” kinematic constraints

(P1 + P3)? = (P2 + Pa)? = 43,
p? = p3 = 13,
Pl +p3 =p*,p] +py =pY.

What is the mass region consistent with the above equations?



Allowed mass region for one event
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Relation to M+

Claim: mt2(un) is the boundary of the allowed region.
wy > mra(pn) < (py, #n) in the allowed region.

Proof:
> =y > max{M#l
» = Given aq, ay:

(a1 + ag)? = MZ,,
(a2 + a4)2 < M%Z?

pt +pf = gy

M) = W,

(p1 +p3)® =
(p2 + p4)2 =

pt)

+P

(2 _
7=

1.



(a1 + a3)2 = M%z, v L N
(a2 + as)? < MZ,,

p.(l.l) + p'(r2) = le- YO > 2

a1, ap KNOwn = piy .y, P2x,y Known, but py,, po, are arbitrary,
therefore 7., 7, arbitrary.

> Setn = ns:

(p1 + Pp3)? = (a1 + a3)? = M2,
> 12 =14 = (P2 + Pa)? = (a2 + as)® < ME,,
n2 — 00 = (P2 + Pa)? — o0,

= 3 1, such that, (p2 + ps4)? = M2,



How to calculate M1,?

» M, is the boundary of the allowed region, find the allowed
region first.

» Consider one decay chain. Given up,ty ,

pZ =&,
(p1 + P3)2 = M\z(
= [E1(P1x, P1y); P1x> P1y, P1z(P1x, P1y)]-

Physical (real) momentum
= allowed (pix, P1y) inside an ellipse (assuming mz > 0, if
m3 = 0 intead, a parabola).

» Another ellipse for the other chain, but
P2x = Bx — P1x, P2y = by — P1y
= Two ellipses on the (p1x,ply) plane. If they overlap, we
have physical solutions.



Ellipses
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Ellipses
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Ellipses
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» Fix uy, sizes of the ellipses increase as uy increases.
» 1y =Mt when the two ellipses are tangent to each other.

» Based on this, developed algorism, 2-3 times faster than
existing code.



Outline

What is the use?



SUSY example

Example %3 — 7¢ — ¥%¢¢, 3 on-shell particles, masses
(180,143,100) GeV.




M+ Kink, cho,choi,Kim,Park

» Mt endpoint contour, parton level,1000 events
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More constraints

» Go along the M1, endpoint contour, imposing more mass
shell constraints from m;.

» Vary m; to maximize number of consistent events.
» Plot number of consistent events as a function of uy.
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Yes, we can determine the masses of the new patrticles.



Summary and outlook

Examples show the power of kinematic constraints.
M, is equivalent to “minimal” kinematic constraints.
Improve/invent methods.

Find applications at Tevatron/LHC.
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