


|I.A Some observables

® rapidity and pseudo-rapidity
® invariant mass
® transverse mass

® Mn



Rapidity and pseudo-rapidity

*Given a 4 vector: p" = E(1,8sinf cos¢, fsinf sin ¢, B cosh)

1 E+p.
.- = —]
we define the rapidity as §y=35 M E—p.
define th do-rapidi M Ehsuls
_ = _In
we define the pseudo-rapidity as 7 = 5 1 —cosf

Notice that 5 — y for 8 — 1

It is useful to trade the polar angle by the pseudo-rapidity



Rapidity and pseudo-rapidity
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Rapidity and pseudo-rapidity

Spherical Collider
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e We can write p" = (E7 coshn, pr, E7 sinhn)
with Bz = \/m? + [

3 =
® Largely used due to d—Ep = DT de dgp d77
with the ¥ (azimuthal angle), P1(transverse momentum) and dn

being invariant under longitudinal boosts

* It is usual to represent deposit of energy in the (77, ¢) plane

and the separation AR = /A2 + An?
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* In a hadron collision we call the subprocess COM energy v/3

* The four-momentum of the COM is

/3

P?;M — 7 (33’1 + 2,0,0, 21 —$2) — S :péMp

CM

1 — X1X92S

1 L1
e The CM rapidity is ~ Yem = 5 In (x_>
2

* The rapidities of a particle in CM and LAB frames are related by

Y =1Y" + Yem

RN

lab in the COM
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* A useful change of variables is

1
Xy 9 =T e Vem — dX1/
_



Transverse Momentum

* The momentum perpendicular to the bin is a Lorentz invariant

* It is used to perform many analysis
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Invariant mass

e Consider an unstable particle (X = Z, W=, t) decaying X — ab. ..

.:3/ do ~ 1
\ dMap... (M2,  —M5)? + M3

/ )
and exhibits a peak for M2, = (pa+pPp+...)2=(>.; pi ) ~M%

e For the same reason the production ab — X+ anything exhibits a peak
for M2, ~ M%

e If the de(_zays products are observable = we can reconstruct M, _, e.g.
Z — ete , bb, ...



e cte” — Z: in this case Mgio- = /s
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e At the CMS pp — Z +X — u ™
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much more can be done with dileptons!
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“colliders can study hadron physics”
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e _LHCDb search for LFU violation
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Transverse mass

* The presence of invisible particle prevents the mass measurement

in a single event

* Consider the process pp - WX — evX
M}y = (B + B,)* — (5. + 5,)* = 2(E.E,

but P, is not measurable!

* We can infer that pr =~ pp = — Z ﬁjz

J1€visible
* Analogously Er =F,

* We define the transverse mass [UAI and UA2]

9
@

©

—Dr - Pr — PLPL)

my = (B + EY)? — (Pf + pf)° = 2ESEY (1 — cos ey )

this definition uses all we can measure in the transverse plane



*Important property 0 < my < mw

In fact, remembering that My, = 2(E.E, — pf - pt — pipL)

however (prove ity E.E, —prp; > EpEr

so My, > 2(E7E} — pr - pr) = my
* It is straightforward the generalization for massive particles
My, = mi +m;, + 2(Ep Ef cosh(An) — pr - pr)

M7 = mi +m, + 2(Ep EY — pr - p)



e For q¢ — W* — ev there is a Jacobian peak.
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[Lester & Summer hep-ph/9906349]

* A more complex situation is when there are 2 invisible particles

N

* For instance in searches for BSM physics ‘<

M
pp — X + l—l—l_ — X + l+l_>'5(1)><1
2

P =

|
> p :
|

P
* For each particle

M7, = mj +m2, + 2(EBLEX — pt. - ﬁ%@)_i\@g



e But we don’t observe the x !!! Pr = _’Xl + Py

* We know that .Mgg > max {MT(ﬁél,ﬁ%l ﬁj@aﬁ%Q)}

N

unknown

e The best we can do is

. . —)E — —Né —
ME>Miy=  min {max |MEGR, AR, MR (5, 77| |
pT _l_pT _pT

then we look for endpoints in M2



o For m; = 157 GeV and my = 122 GeV

T

assuming the we know my = 122 GeV

19



o For m; = 157 GeV and my = 122 GeV
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* To learn more about Mnm

|. Lester and Summer: hep-ph/9906349
2. Barr, Gripaios, Lester: arXiv: 0711.4008
3. Cho, Choi, Kim, Park: arXiv:0711.4526



Mo assisted on-shell (MAOS) reconstruction

e How can we reconstruct pp - X - WTW~ — /T pp?

o Mo gives information on My
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e We can partially reconstruct the neutrinos:

for W7 (p1 + p2)W™ (k1 + ka2) — £7(p1)v(p2)l™ (k1)v(ke)
MT2 — pszll{izI:lF:#T [maX {MT(PlTa PZT)a MT(lea k2T)}]
without ISR: p27**® = —kip, kat™ = —Pirt

e Now we impose the lepton-neutrino pairs reconstruct a W

1N aosS 1

par (£) = FOE pir A -
IMaos 1

kQL (:—) — ‘k1T|2 [

/117l + 52 /A% — [ 2lpaipesf? |

le B ::\/‘le‘Q + k%L \/BQ _ |k1T‘2|k2?aOS‘2

where A = M3, /2 + p1p - p222°® and B = M3, /2 + kyp - ka1,

23
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do/dMyw (arbitrary units)
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e A more complex case is H — W1 Wy — (111 lavs:

2
Me ww =

an alternative 1is
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e Let’s consider a more complex case H — W1 Ws — q1q2 er: A natural
choice is

2
T ,WW (\/pT,JJ + mz + \/pT v T mel/T) - (IBT,jje +l‘}XT)z

since the W can be offshell \/

W’s can be off shell

e We can also cluster the electron and jets together

2
C WW — (\/pT,JJe JJe _I_pT) — (ﬁT,jje _l_ﬁT)z

* Here we can also “reconstruct” the neutrino, assuming it
comes from aW

=t {[MVQV 20k sl £V IMZ, + 20 gl - 4<plTElET>2}
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