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Pe = prcos(¢), py = prsin(¢), p. = prsinh(n)

1p] = pr \/(3032(@ + sin?(¢) + sinh®(n) = pr cosh(n)




2

> 7

]

> 7

7

)

e (2]

2 — —
My = Z(pipj — Pi - Ij)
i]

Pe = prcos(¢), py = prsin(¢), p. = prsinh(n)

1p] = pr \/(3032(@ + sin?(¢) + sinh®(n) = pr cosh(n)

2 _
my = E :pT,iPT,j (cosh(m - 773’) - COS(@ — ¢j))
i#£]



Pe = prcos(¢), py = prsin(¢), p. = prsinh(n)

1p] = pr \/(3032(@ + sin?(¢) + sinh®(n) = pr cosh(n)

my =Y prapr; (cosh(n —1;) — cos(d; — ¢;))
i#]

o= {5 (o)

10



relative number of events
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Mass Measurement
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o ;“' . ? The mean of the F
H True mass value mpy — resultant mass
a distribution 3
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Maximize the profile likelihood ratio )\ with respect to m#u on, say, 125 GeV MC

1 | 1 1 1 1
124.4 124.6

124.8 125 125.2

1 | 1
125.4

1 | 1
125.6

mpy [GeV]

125.00153; GeV



Events /(0.2

800

700

600

500

400

300

200

100

Pulls

Gaussian Fit
10000 events
mean = -0.0107+/-0.0107
sigma = 1.0713+/-0.0077

(my - 125)/o{mpy)

18



Summary:

- We have a simple, robust, and valid way of estimating per-
event mass resolution

- We are still working on a model that improves the final
mass resolution

125.00153; GeV
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Backup
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https://www.lhc-closeres/taking a closer look at lhc/0.momentum

https:

cern/hoc v2len/main_frame/de atlasl.html#:~:text=An%20illustration%200f%20the% 20Atlas%20detector.

hysicsmasterclasses.org/exercises/hands-on-
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Current Approach

Assume we have muons 1, 2. 3, 4.

Assuming a negligible mass and therefore E = p,
7 - - - - - — - = .7
my = (E, + E + E; +E) - Py +p+p ‘H’ﬂz = (py +py+ps+pa) — (py +p2 +p3 +py)

Expanding, cancelling terms, and rewnting the terms,
my =2(pips =Py - P+ 2013 — Py - P3) +2(p1py — Py - P+ 2paps — Py - P3) + 2(paps — Py - Py) +2(p3ps — Ps - )

Defining F(i. j) = (p;p; — p; - p;) and using the idendities

s P = prcos(d)
« py = prsin(g)
» p. = prsinh(z)

« p=pr \/COSZMJ} + sin’(¢p) + sinh’(n) = py 1+ sinh®(5) = py cosh(x)

we obtain

F(i.]) = priprj(coshin;) cosh(n;) — cos(¢h;) cos(gh;) — sin(gh;) sin(gh;) — sinh(x;) sinh(ry;))
which simplifies fo
F(i.j) = priprj(cosh(y; — n;) — cos(eh; — ;)

Therefore, we can write
mif =2AF1.2)+ F(L.3)+ F(1.L4A)+ F2.3)+ F(2.4) + F(3.4))

Finally, it is a simple procedure to take the square root to get

my = 1;‘"13_‘.
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