Data-taking Test with
55Fe Radiation on COFFEE3
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O Verify the digital response of the COFFEE3 chip to real radiation.
 The beam test during May 2026 has confirmed the analogue & digital response to charged particle beam.

« Using °°Fe for detailed information about performance.

Whether the COFFEE3 is able to produce signal peak of °°Fe

with the same configuration as the beam test?
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COFFEE3 v2.0-1 coll Fe55 HV=-65V

O Single-pixel (C1RO0) test with >°Fe.
O Using rising edge of CSA waveform as trigger on s waveforms
g o Al (superimposed)
oscilloscope. 3 oor] |

O Observed: 3

- Events rate increased significantly when exposed

to 55Fe. -20 0 — [ZES] 40 60
« Backgrounds are significant. COFFEE3 V2.0-1 Coll Fe55 HV=-65V

 Peak structure is almost discernable.
pulse height
distribution

: .. p
O Now we perform a new test using digital readouts. § Could this be the sigral peak?

N

Values [V]
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O Replicate all configurations used during beam test.

O Single pixel C1R0 was unmasked. Other pixels were all masked.

B1 o9V o . S
B> 0.6V Fat preliminary test using carge-lnjectlon.
SR OO
N D
IB1 0.5V Comparater |
B 0oV i i frmihimibogie
COM _bias 0.8V
CLAMP 0.85V The lowest comparater
Th 081V threshold where no digital
HV -65V readouts observed in 10 min. o G
FCLK 320 MHz s e
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I Data-taking 5 TR H#S Db G RUT R

O °°Fe data-taking: about 12 h 55 min.
] noise data-taking: about 10 h 5 min.
O In digital data, we have only Time Over Threshold (TOT) value to account for CSA pulse height.

O number of events:

full data require TOT >0
t number of t number of
evenis multiple events * events multiple events
>>Fe data-taking 958 104(2) 118(3) 797 27(2)
noise data-taking 4619 (27_210) 3538 (26_9229)

* Consecutive events with their timestamp differences of less than 5 us between any two adjacent events, and consisting of two or more events, are marked as a group of
multiple events. The measured average counting rate is about 1.2 min™, corresponding to a Poisson probability of approximately 1 X 1077 for a double-event formed by

real signals.
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I Timestamp distribution &y T OHEHD L BIHUR A

O Timestamp distribution of events (require TOT > 0)
« The timestamp distribution of >°Fe data sample is almost uniform, with average event rate of 1.2 / min.
* Much most of the events in noise data sample are recored in less than 0.01 s.
— Almost all events in °°Fe data sample were induced by °>Fe radiation.

— The noise data sample is rather not representative.

>S>Fe data sample noise data sample
T A £ x|
?O% 20, IR : 3 *“#*MH E
E o m M |) R b L WTHM
bl o dl il T 5 S
fWM%#WWﬂWW“W%EE///i;MJ mma

Running time [s] Running time [s]
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O Time interval distribution of events (require TOT > 0)
« For a radioactive decay source, the time interval between two consecutive events should follow
exponential distribution f(x) = 1le=* (x > 0), where 1 is the average event rate.
« For °°Fe data sample, the averaged event rate is 797/46500 ~ 0.017 s~ , which is in good agreement
with the fitting result on time interval distribution.

« For noise data sample, the time interval distribution shows a strange structure.

o 90k i —~ S 400 3
= SOE >5Fe data sample . 2 350 I noise data sample =
W — — + _
£ 70 model: ¢ A= (-1.71 +/-0.06) x 10> - 2 os00- E
g 99 . T 250 -
_ wn Ll ]
SR E = 200 4} —
40 = 9 - t -
- - m 150 — + —
S0 E 100" *l -
20 = = - + ++_.+ .
10 |- = S0 SAENES Frpaaatty, H»H ++++4- i
0 £ SE BN R TR T S R — - T e Set s X1 070
0 300 200 0 2 4 6 8 10

Time interval [s] Time interval [s]
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I TOT distribution &y KL T VA

O TOT distribution of events (require TOT > 0)
« Consider fitting the TOT distribution of °°Fe data sample with Gaussian peak.
« PDF: noise on the left (exponential) + signal (Gaussian) + tail on the right (linear)

* I SSU es : COFFEE3 V2.0-1 Coll Fe55 HV=-65V

what we have
seen may be
this part.

—

« The component of higher long tail is necessary.
(may due to over magnification or other effects)

« Exponential component representing the noise is necessary.

(may due to the Gaussian tail of electronic noise)

100 ) 0.02 0.04 0.06 \?a?fes [V]O.lo 0.12 0.14
5 N . g 30_ N CIR0 @ -65 V E
g N(034,0252) i g 70 W valid hits = 797 ?
E Signal yields = 388.81 +/- 37.17 ] ::) + + i
§ ol ignal yields = 388. - 37. LE 50 £+ TT E
H HE ﬂ E
30 = JF =
5. |
0 ) ) ) ) ) ) R SR o s o A & 0: el . ‘ . + +‘+‘++ ++1:r_+_|* ++H4:
0 1 2 3 0 0.5 1 1 5 2 2.5 3
TOT (coarse) [us] TOT/(coarse) [s]
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O Statistics analysis:

- Time related analysis shows that almost all events in >°Fe data sample are signal, with the

event rate of about 0.017 s~1

« TOT analysis shows that the Gaussian peak is significant, although the long tail on higher
band is not yet well explained physically.

O Issues:

« Events with TOT = 0 account for a large fraction, and also the multiple events.

O What's next
» Single-pixel test on other pixels.

« Simultaneous test on multiple pixels.
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~ 100
0 i |
o T ] = | N(0.33,0.272) :
S g . N(1.36,0.21%) 1
o j 2] . _
Z | = Signal yields (1) = 437.33 +/- 42.49
~ S 50 Signal yields (2) = 29.97 +/- 28.41
= Signal yields = 388.81 +/- 37.17 3]
o]
z v ANLL = 1.77 (0.04%)
_ % 1 2 3
R TOT
00 l 5 3 (coarse) [us]
TOT (coarse) [s]
FVAL = -3954.08005438511418
Edm = 4.46292108295257612e-07
FVAL = -3952.30704520930976 Nfcn = 452 o
Edm = 3.94511923578427832e-07 co = -0.839624 +/- 0.0922184 (11m1ted)
Nfcn = 258 C_noise = -18.7342 +/- 8.94244  (limited)
co = -9.917073 +/_ 0.0534174 (11m1ted) mean_fe_l = 0.332811 +/- 0.0376904 (11m1ted)
c_noise = -18.3548 +/_ 8.7395 (11m1ted) mean_fe_z = 1.36385 +/- 0.107186 (11m1ted)
mean_fe_1 = 0.338227 +/- 0.0345017 (limited) n_fel  =437.328 +/- 40.975  (limited)
n fe 1 = 388.81 +/- 36.831 (11m1ted) n_fe 2 = 29.9703 +/- 16.9523 (11m1ted)
n_linear = 350.982 +/- 30.2639 (limited) n_linear = 274.483 +/- 34.7742  (limited)
n_noise = 34.2073 +/- 18.1658 (limited) n_noise = 32.2189 +/- 18.1786  (limited)
sigma_fe_1 = 0.247335 +/- ©.0318374 (limited) sigma_fe_1 = 9.270164 +/- 0.0356726 (limited)
sigma_fe 2 = 0.206689 +/- ©0.0972372 (limited)
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  f  ( x ) = 𝜆  e  − 𝜆 t     ( x > 0 )
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   797 / 46500 ≈ 0 . 017    s  − 1
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