The relation b etw een the long-term detector resp onse

measurement and the p erio dic stability chec k

T ak eyasu Ito

5 Nov. 1997

Revised 2 Dec. 1997

1 Intro duction

The material presented b elow was pro duced in resp onse to Carlo’s question \How

many counts do we need in each daily-calibration p eak?" By now, I think everybo dy

has come to agree that we need b oth the long-term resp onse measurement (formerly

called the long-term calibration) and the p erio dic stability check (formerly called

the daily calibration)

1

as p ointed out in Masa’s and Ross’s memoranda, and the

requirements for the long-term resp onse measurements (eg. the required number

of counts in each calibration p eak, etc.) are relatively clear. However, the relation

b etween the requirements for the p erio dic stability check and the accuracy of mea-

surement we are aiming at, and the relation b etween the p erio dic stability check

and the long-term resp onse measurement are not yet that clear.

I would like to start by reviewing the purp ose and the requirements of the long-

term resp onse measurement.

2 Long-term Resp onse Measuremen t

T o my understanding, the purp ose of the long-term resp onse measurement is two-

fold:

1. T o provide the absolute energy scale in the �nal x-ray energy sp ectra (calibra-

tion).

2. T o provide a go o d measure of what the resp onse function of our apparatus

(after a run over a long time) is. (The long-term calibration p eaks seen in

the �nal x-ray sp ectra, after all the analyses, are the resp onse function itself

apart from the fact that the width has to b e scaled according to the energy

di�erence b etween the calibration p eaks and the p eak of interest.)

1

It is true that these are b oth \calibrations", but in this material I do not use the term \cali-

bration" for either of them to avoid p ossible confusion.

Roughly corresp onding to each of the ab ove, there are requirements that the

num b er of counts in the calibration p eaks and the width of the p eaks must satisfy:

1. The long-term calibration p eak should have enough counts so that

�(p

calib

) =

�

calib

p

N

calib

< 3 eV ; (1)

where �

calib is the width of the calibration p eak (=the width of the resp onse

function at the energy of the calibration line), N

calib is the number of counts

in the calibration p eak, and �(p

calib

) is the accuracy to which the p osition of

the calibration p eak is determined. In order to achieve an error of �3 eV in

the determination of the kaonic hydrogen K

� line p osition, the p eak p osition

of each calibration p eak should b e determined to a similar accuracy so that

the systematic error (due to calibration) � the statistical error.

2. The long-term calibration p eaks should b e narrow enough so that

�

calib

<

�

1s

2:35

; (2)

and

q

�

calib

2

+ (

�

1s

2:35

)

2

p

N

K

�

< 3 eV : (3)

Requirement eq.(2) comes from the fact that the width of the resp onse function

should b e smaller than the natural width of the k aonic hydrogen K

� line in

order to determine the K

� width accurately

. Requirement eq.(3) is simply that

we would like to determine the p eak p osition of the k aonic hydrogen K

� line

to an accuracy of 3 eV and that the narrow er the resp onse function is, the

easier an accurate determination will b e.

3 Perio dic Stability Check

As p ointed out by Masa, the calibration may change ov er time, due to v arious

causes, and this variation in calibration would app ear as an increase in the width

of the resp onse function. The purp ose of the p erio dic stability chec k is to detect

these changes and allow an appropriate correction to keep the resp onse function as

narrow as p ossible.

In the next section, I present one p ossible way of using the p erio dic stability check

data to correct the calibration and give an estimate of how accurate the p erio dic

stability chec k should b e.

Figure 1: The change in the calibration ov er time causes a wide resp onse function.

4 The Relation Betw een the Long-term Resp onse

Measuremen t and the Perio dic Stabilit y Check

Figure 1 shows how the calibration might change ov er time. If there is no correction

made for this change, the resp onse function we will see in the x-ray sp ectrum will b e

wide, as shown in the �gure, and p ossibly asymmetric. If we correct for the change

in the calibration using the data from the p erio dic stability check (calibration done

in a relatively short p erio d of time using a radioactive source or an x-ray tub e), then

we can make the resp onse function narrow er (Fig. 2).

There are three contributions to the width of the �nal resp onse function: the

intrinsic resolution of the CCD, �

CCD

; the error in the p erio dic stability check,

�

p erio dic

(although these tw o are not explicitly shown in the �gures); and the change

in the calibration ov er the p erio d b etween two p erio dic stability chec ks, �

uct

. That

is (approximately):

�

calib

= q

�

CCD

2

+ �

p erio dic

2

+ �

uct

2

(4)

Obviously

, one cannot gain muc h by making �

p erio dic muc h smaller than �

uct

. So,

the accuracy of the p erio dic stability chec k should b e

�

p erio dic

� �

uct

: (5)

In other words, the frequency of the p erio dic stability check should b e so chosen

that b oth �

p erio dic and �

uct are muc h smaller than �

CCD

.

Figure 2: The change in the calibration ov er time corrected by the p erio dic stability

chec k can make the resp onse function narrower.

Then, the next question is \what is the characteristic p erio d of the calibration

change ov er time and how big is the change?"

The stability tests done by Aaron in the summer obtained an approximate v alue

of �

uct of 12 eV over a day

2

. Assuming this value for �

uct and �

CCD

= 180=2:35 eV,

�

calib is plotted as a function of �

p erio dic in Fig. 3. Obviously

, one cannot gain much

by making �

p eriodic smaller than �

uct

� 12 eV. F rom

�

p erio dic

=

�

CCD

q

N

p erio dic

; (6)

�

p erio dic

� 12 eV corresp onds to N

p erio dic

� 40. That is, if the typical v ariation in

the calibration over a day is � 12 eV, and if one makes the stability check once a

day , one cannot gain much by making N

p erio dic larger than 40. At �rst sight, this

result seems quite surprising and that, if �

uct is as small as 12 eV, the p erio dic

stability check is unimp ortant, b ecause �

CCD pro duces the ma jor contribution to

�

calib

. How ever, the p erio dic stability check is imp ortant for the following reasons:

1. Even if �

uct ov er a day is as small as 12 eV, it can cause a larger v ariation in

the calibration for a longer p erio d of time: if one simply assumes a random-

walk like b ehavior (although it is to o simple an assumption), the v ariation of

2

The uctuation observed was � �1 ADC channel. Now that the readout b oxes are rescaled

so that the full range is 17 keV, if the main cause of the uctuation is in the circuit b efore the

ADC then the uctuation is still � 12 eV, but if it is the ADC itself, then the uctuation is now

� 20 eV.

4

Figure 3: �

calib plotted as a function of �

p erio dic

.

the calibration ov er N days (�

Nth day

) is given by �

Nth day

= p

N � ( uctuation

ov er a day).

2. Also, the v alue of �

uct

= 12 eV is a rather optimistic v alue obtained in the

lab oratory . W e hav e to p erform a stability test of the system under circum-

stances very similar to those encountered during actual data taking (i.e. at

the pit with the machine in op eration). There are factors which may cause a

considerably di�erent b ehavior of stability (e.g. the grounding at the pit may

not b e as clean as the one in the lab oratory).

3. Even after such a stability test shows that �

uct is small, �

uct for the real data

can only b e determined by the p erio dic stability check. That is, in order to

b e sure that �

uct is small, we have to make the p erio dic stability chec k.

5 Monte Carlo

In order to chec k the v alidit y of the argument ab ov e, I p erformed a Monte Carlo

calculation. The framework used is as follows:

� F or each p erio d of time �T ,

5

{ events for the long-term calibration are generated: the num b er of events

follows a Possion distribution of mean 3 and the energy of these events

follows a Gaussian distribution of mean E

0 and standard deviation �

CCD

.

{ the calibration E

0 is shifted by �E , which follows a Gaussian distribution

of mean 0 and standard deviation �

hour

� F or each 24 � �T , N

p erio dic even ts for the p erio dic stability check are generated

(hence, �T in this Monte Carlo calculation can b e regarded as corresp onding

to one hour and the p erio dic stability check as b eing done daily): the energy of

these events follows a Gaussian distribution of mean E

0 and standard deviation

�

CCD

.

� Sudden jumps in the calibration are also taken into account. F or each �T ,

a random number which follows a uniform distribution b etween 0 and 1 is

generated and if this number is smaller than a certain v alue, then the calibra-

tion E

0 is shifted by an amount of energy �E

jump

, which follows a Gaussian

distribution of mean 0 and standard deviation �

jump

.

The Monte Carlo calculation was p erformed for two sets of parameters: (1)

�

hour

= 3.5 eV, �

jump

= 100 eV and (2) �

hour

= 20 eV, �

jump

= 500 eV. �

hour

= 3.5 eV

and �

hour

= 20 eV are exp ected to roughly corresp ond to �

uct

= q

24=2 � �

uct

= p

2

= 8.5 eV and 50 eV. The parameters related to the sudden jump are set such that

the av erage frequency of jumps is once p er ten days. The calculation was p erformed

for 1000 days. F or each set of parameters, the calculation was p erformed for each

case of N

p erio d

= 10, 50, 100, 500, and 1000.

Figures 4 and 5 show the change in the calibration over time generated by this

Monte Carlo calculation for �

hour

= 3.5 eV and �

hour

= 20 eV (for simplicity

, the

starting values for the calibration were chosen to b e zero).

In Figs. 6 and 7, the raw sp ectra and the corrected sp ectra (corrected using the

p erio dic stability check in the manner of Fig. 2) from the long-term calibration data

for N

p erio d

= 500 are shown for �

hour

= 3.5 eV and �

hour

= 20 eV.

In Fig. 8, the v alues of �

calib obtained after correction using the p erio dic stability

chec k are shown as a function of N

p erio dic for �

hour

= 3.5 eV and �

hour

= 20 eV. Also

shown in dashed line are the b est �t curves obtained using eqs. (4) and (6) and

treating �

uct as a free parameter. The b est �t v alues for �

uct are 15:4 � 0:5 eV

and 52:7 � 0:2 eV for �

hour

= 3.5 eV and �

hour

= 20 eV, resp ectively

. These v alues

are very reasonable when compared to the exp ected v alues (8.5 eV and 50 eV) if we

take into account the contribution of the sudden jumps.

The general b ehavior of �

CCD is adequately describ ed by eqs. (4) and (6).

6

Figure 4: The change in calibration ov er time generated by a Monte Carlo calcu-

lation for �

hour

= 3.5 eV (for simplicity

, the starting v alues for the calibration were

chosen to b e zero).

7

Figure 5: The change in calibration ov er time generated by a Monte Carlo calcu-

lation for �

hour

= 20 eV (for simplicity

, the starting values for the calibration were

chosen to b e zero).

8

Figure 6: Sp ectra from the long-term calibration data for �

hour

= 3.5 eV. The raw

sp ectrum (top) and the sp ectrum corrected using the p erio dic stability check data

for N

p erio dic

= 500 (b ottom) are shown.

9

Figure 7: Sp ectra from the long-term calibration data for �

uct

= 20 eV. The raw

sp ectrum (top) and the sp ectrum corrected using the p erio dic stability check data

for N

p erio dic

= 500 (b ottom) are shown.

10

Figure 8: The v alues of �

calib obtained after correction using the p erio dic stability

chec k are shown as a function of N

p erio dic for �

hour

= 3.5 eV and �

hour

= 20 eV,

resp ectively

. Also shown in dashed line are the b est �t curves obtained using eqs. (4)

and (6) and treating �

uct as a free parameter. The b est �t values for �

uct are

15:4 � 0:5 eV and 52:7 � 0:2 eV for �

hour

= 3.5 eV and �

hour

= 20 eV, resp ectively .

11

Figure 9: �

calib plotted as a function of �

p erio dic assuming �

uct

� �

p erio dic

.

6 Conclusion

As seen in section 4, one cannot gain muc h by making �

p erio dic much smaller than

�

uct and it is su�cient to chose �

p erio dic to b e

�

p erio dic

� �

uct

:

Also, the p erio d b etween two adjacent p erio dic stability measurement should b e so

chosen that b oth �

p erio dic and �

uct are reasonably smaller than �

CCD

. (Again, this

can b e determined only after a stability test of the system under circumstances very

similar to those encountered during actual data taking.) In Fig. 9, �

calib is plotted

as a function of �

p erio dic assuming eqs. (4) and (5), and �

CCD

= 180=2:35 eV. Also,

the relation b etween the number of counts in each p erio dic stability check p eak

(N

p erio dic

) and �

calib is shown in Fig. 10 assuming again eqs. (4), (5), and (6), and

�

CCD

= 180=2:35 eV. As can b e seen from the �gure, little improvemen t can b e

achiev ed b eyond N

p erio dic

� 10

3

Ackno wledgmen t

I thank Aaron for the v aluable comments he made on the draft of this material,

which help ed a lot to clarify the argument.

12

Figure 10: �

calib plotted as a function of N

p erio dic

.

13