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Time Calibration Study - Motivation

» Qur p-scintillator records the event information, including event occurring time.
* The event occurring time, however, is not accurate in O(2 ns).

* The error may come from
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Time Calibration Study - Motivation

* |tis easy to make a time calibration here (SNU) with various experimental setup, like
crossing bars, shuffling bars, etc.

* The mainpoint is time calibration at CERN.

 Many number of scintillation bars will be installed on the wall, so time calibration
method which requires no additional experimental setup would be preferred.

* For this, we need some STUDY!



Time Calibration Study - Instincts

* [f we have enough knowledge, time calibration is so easy.

* We need to know 2 things
) f1 — fo:Distribution of signal flight time difference

to both sides in a scintillator.
fo isthesignal flight time from the event to the PMT 0,
f1 isthattothe PMT 1,

i) A :Eventoccurring time difference between
two adjoining scintillators.
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Time Calibration Study - Instincts

* We believethat (f; — fy) = 0and4 = %,where Is the thickness of the scintillator.

 |wantto check above two instincts.



(f1 — fo) Study

« We believe (f; — fo) = 0 because most muons come vertically.
* Butif muonincident angle is tilted, it can be asymmetric.

0

> a0

(fi—fo)>0
z

» Let the incident velocity of muoninthe lab frame. v = (v, vy, v;). + v=(vov,n)
» And let our scintillator is on xy-plane, having angle 8 with x-axis.




(f1 — fo) Study

- Inscintillator'sframe, the incident angleis v = (v,cos® + v, sinf)x’ + v,2.
* Thusthe incident angle ¢ with scintillator direction 8 is

¢(9) _ tan_l (vxc059+vysin0).
* Especially, ¢(0) = tan?! (Z—’Z“) = —¢(m)
oewr(Da) e




(f1 — fo) Study

* Let'smeasure (t; — ty) intwodirections.

) = -1 | - -
n = N -

* [ftwo (t; — t,) measurements show no difference, it means we can use our instinct
(f1 — fo) = Oinpractice.
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A Study

» Let's try time calibration with 3 scintillation bars.
* Lett; isthe time measured from PMT i, T is the first event occurring time.

e Thent; =T, + H X A+ f; + d;. whered; isintrinsic time delay in PMT i.
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A Study

* First.use (f1 — fo) = 0 = (t; — to) = (dq — dy).
* |t should be zero, so we can add appropriate constant to ¢, .
* Same procedureto t; and ts.

* Now t,,,,1 isconsistent with t,,,.

t00:|| i ||:1t1
t, 2 - 3 ts i
t4[lq / h5t5 ti=T0+ E]XA-I_fi-l_di
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A Study

 Next, wedemand(t, — ty) = (t, — t,) = A
e Fromthe measurement, we have

2019-11-15

d, —do+A=(t, —toh
dy—dy +A=(t, —t4

— d4_d0 +2A= <t4_t0>1.

Subscript Tindicates the first experiment result.
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A Study

* One more experiment with different scintillator setup.
e Thistime, we get

do —dsy+ A =(ty — ta)2.

Subscript 2 indicates the second experiment result.

* Previously, wehad d, — dy + 2A = (t, — ty)4.

A TO
t4llj Au t5t5
to 0 - 1t i
tzzq h3t3 ti=T0+ E]XA-I_fi-l_di
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A Study

* Thus we have

3A = (ty — to) + (Lo — ta)2.

 Now we can get Al

t []-| A{ e 1t
t;’ 9= &/ == St;
ty 4™ = 5t.
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