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> Uncertainty in charge has significant impact on Tharmal Ieolation
measured cross section. K
> BCMs needs to be well calibrated for charge . _ Aluminam Enclosare Thermally Regulated
precision. Upgtream Demmmarsan
BCM Hardware: Cavity Cavity
> Two BCMs: UpStream (U) and DownStream(D) : PET :
> Multiple receivers for each BCM: : Torods :
- Analog: X1 :Ul and D1 || Caibration Cararric [
||| Wi /Gap B
X3 :D3 | ; |
Beam m j m
X10:D10 Direction
o » Sl |
v Digital: Unew and Dnew Fram hﬁ@ Hio =2 —‘H]:—I@jj
» Output from the BCM receivers are sent to Voltage ! Beam

Eeam
to Frequency (V-F) converter then to Scaler. Pipe

. S S
. Electrical Shielding' Maoratie Shiel dines
> BCM Measures relative current so need to =~ g .

calibrated against Unser.
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Unser:

> Unser output is proportional to input
current.

Unser Pedestal

> Easy to calibrate.

Time

> Uncertainty in Unser is 0.2 JA.

Unser Pedestal Variation, (No beam) Run 12813

> Unser pedestal drifts in unpredictable _ d
way over time scale of several minutes. s ' T
12— RMS 0.1805
> Calibration Procedure: - oo 2/4
10— Constant 8.429 = 0.863
> First Calibrate Unser with known o P S ormosnone
current source. of- _ jﬁ
> Then use Unser current to calibrate ‘© I
BCMs. 2~
01:”|H. H|... Ll

08 -0.6 04 0.2 0 0.2 0.4 0.6 1

0.8
(Observed Unser_Pedestal - Expected Unser_PedestaljuA
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Unser Calibration:

> Unser is calibrated with known injected current in Hall A (f ... = lynser)-

> With precise knowledge of beam current from Unser, BCMs are
calibrated (.~ lgenm)-

LHRS 12323
| x2/ nat 7.703 /12 1= — First ramp -
1001 :: 0.02.217:;3 iiﬁt."llt::l’: _ — Second ramp
; — 0 5_
! %
2 o 5 | |
= 60 © ,
St * S 0
I Eat e ‘ l |
= 40 @
= i .05 E
20 _'_ : Estimated current noise(AI)=2/sqrt(1*60)
: peigegs e Jean ey i g i ] g e g L e -1 -_ L L L 1 | L L L 1 |
00 10000 20000 30000 0 50 100
unser_rate(Hz) Current(uA)




Unser Gain Stability:

Unser gains Fall 2016 Unser Gain Spring 2016

Run Gain X 10°  Error X10°
Run Gain X 10° Error X10° (UA/HZ)
(MA/HZ)
Fall 2014 2755 7
= 2506 > 21590 2754 6
23779 2504 5 12323 9753 6
22324 2753 6

Unser gains are stable within the error bar for particular
run period.
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BCM vs UNSER, Run: 14545 (November 28, 2016)

D3 Frequency verse Unser
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> Using Unser current the BCMs are calibrated.



BCM vs UNSER, Run: 14545 (November 28, 2016)

Linearity Ranqge:

D10 Frequency verse Unser
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Spring 2016:
12508 - 13015
13100 - 13261

13279 - 13418

U1 Gain
? ']

D3 Gain

1
X,
00

Gains from
run 12514 &
12916

Gains from
run 13220

Gains from
run 13447
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Spring 2016 Calibration Coefficient

Global Calibration from Spring 2016 by Zach

-5k

v e @ Fast Scak

> The gains for new receivers changed multiple times.
> Analog BCMs: gains are stable so we can do global calibration.

BCM's Gain (x 10-6 pAJHZ) Offset (pA)
ul 35117 £ 0.72 0.75 = 0.06
D1 319.28 £ 0.65 0.41 = 0.06
D3 93.09 =0.18 0.30 = 0.05
D10 32,14 =0.18 0.19 = 0.06

Unew and Dnew [ Run 12514 & 12916)
Dnew 172.15 + 0.66 0.19 = 0.06
Unew 199.25 + 0.76 0.20 + 0.06
Unew and Dnew [ Run 13220)
Dnew 24395+ 1.41 0.10+ 0.12
Unew 20564 + 1.66 0.20=0,12
Unew and Dnew ([ Run 13447)
Dnew 4284 = 0.25 0.04 £ 012
Unew 50.05 + 0.29 0.05 £ 0.12
U1 Offset D1 Offset
. L |
ooa -l -5k LS
D3 Offset @ D10 Offset
0.AD
i :l . [ J 1 S, AR L . ‘ .
: . _ $




Stability Gains & Offsets:

A
Fall 2016 Calibration Coefficient
October 15-2016 (Run 13852) High | (GMP) November 2-2016 (Run 14252)
Fall 2016 & Fall 2014 BOWs | Gain [x 106 pAlHz) Offset (uA) BCWM's | Gain [x 106 pAlHz) Offset (pA)
il 044 + 0.R7 1.1 +0.08 uli 2831+ 3.43 1.28+0.16
D1 329.2 + 0.69 0.49 £ 0.09 D1 326.3 +2.93 0.81 + 0.16
D3 0549 £ 0.17 038+ 0.07 D3 97.7 £ 0.60 0.13+0.08
D10 3298 +0.27 0.24+0.10 D10 34.36 + 0.32 012011
Unew 546+ 0.45 015007 Unew 2A3.1+16 0.003 + 0.09
Global Calibration (Now 2 and Nov 26) November 26-2016 (Run 1 ]
BCM's Gain [Jx 10-6 uA:'Hz:l Offset (uA) BCW'S Gain (x 106 pAFz) Offset [uA)
L o454 + 1.0 Ll+01 U1 388.63 £ 2.49 D.77 % 0.16
D1 328.77 £ L.50 0.62 £ 0.11 D1 33168 + 2.12 0.34+0.17
D3 97.05 + 0.32 0.19 + 0.06 D3 06.84 + 0.39 0.20 + 0.09
D10 3372+ 0.22 0.03 £ 0.08 D10 33.11 +0.30 0.14+0.11
Dnew 22423074 001005 E“E“‘ 25::; : 2 gi D”ﬁ;)f%”;’g
Unew 755,50 + (.85 0.05  0.06 new oo R
Fall 2014 Calibration Coefficient
Dec 12 -2014 (Run 10505) > For Fall 2016, combined analysis from
BCM's Gain (x 10-6 pAlHz) Offset (pA) Nov 2 and Nov 26 can be used.
515.9+9.99 056+0.29
45453+ 88 055+0.22 i . .
74516 0395017 > Only one calibration run in Fall 2014 .
4565057 0031 +0.17
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Charge Gomparison from Different BCMs Charge Comparison from Different BCMs
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Fall 2016

The charge from different
BCMs agrees within 1%.

New receivers are noisy and
gains are not stable.

Ul and D1 are not linear
below 10 pA.

D3 and D10 are linear within

our range (5-20 pA) and
gains are stable.
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Run Time Vs. D3 Fast Scaler Charge / D3 Slow Scaler Charge
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Fall 2016:

Global Calibration (Nov 2 and Nov 26)

BCM's Gain (x 10-6 pA/Hz) Offset (MA)
Ul 384.84 + 1.86 1.10 £ 0.11
D1 328.77 £ 1.59 0.62 +0.11
D3 97.05 £ 0.32 0.19 £ 0.06
D10 33.72 £ 0.22 0.03 £ 0.08
Dnew 224.23 £ 0.74 -0.01 £ 0.06
Unew 255.50 £ 0.85 0.05 + 0.06
12508 - 13015 Gains from
run 12514 &
12916
13100 - 13261 Gains from
run 13220
13279 - 13418 Gains from
run 13447

Fall 2014:

Dec 12 -2014 (Run 10505)

BCM's Gain (x 10-6 pA/Hz) Offset (UA)
Ul 515.9 +9.99 0.56 =+ 0.29
D1 45453 + 8.8 0.55 +0.22
D3 1274 +£1.6 0.39+0.17
D10 45.65 + 0.57 0.031+£0.17

Spring 2016:

Global Calibration from Spring 2016 by Zach

BCM's Gain (x 10-6 pA/Hz) Offset (uA)
ul 351.17 £ 0.72 0.75 = 0.06
D1 319.28 + 0.65 0.41 + 0.06
D3 93.09 + 0.18 0.30 = 0.05
D10 32.14 £ 0.18 0.19 + 0.06

Unew and Dnew ( Run 12514 & 12916)
Dnew 172.15 + 0.66 0.19 + 0.06
Unew 199.25+ 0.76 0.20 £ 0.06
Unew and Dnew ( Run 13220)
Dnew 249.95+ 1.41 0.10+ 0.12
Unew 295.64 + 1.66 0.20 £ 0.12
Unew and Dnew ( Run 13447)
Dnew 42.94 + 0.25 0.04 £ 0.12
Unew 50.05 + 0.29 0.05+ 0.12
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I ———————e—m, e e e e _-_
Conclusion:

- Unser gains are stable within a same run period.

> The gains for analog BCMs are stable within same run
period so global calibration coefficient can be used for
one run period.

~ Ditferent BCMs agrees with each other within 1%.

> D3 and D10 are linear in our current range and their gains
are stable.

> Charge from slow and Fast Scaler are in agreement for
run more than 5 minutes.
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Unser Pedestal Variation, (No beam) Run 12813

— h4
14— 1 Entries 214
B i ] Mean 0.0001086
12 _— RMS 0.1805
- 12 / ndf 33.2/ 41
10 — Constant 8.429 + 0.863
B ][ Mean -0.01805 £ 0.01425
81— /7 N Sigma 0.1768  0.0143
— \
61— i
4 s _
ol \
B // H N
0 [ R 1 L L ' N N I R R m. Lo

-1 -0.8 -0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8 1
(Observed Unser_Pedestal - Expected Unser_Pedestal)uA
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BCMs Correlation:
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Unser (1A)

(BCM U1 - unser)/unser

(BCM U1 - unser)/unser

Global Calibration

BCM vs UNSER, Combined analysis from Nov 2 and Nov 26 calibration

U1 Frequency verse Unser,

%% /'ndf 31.45/17
po * 1.095+0.1058
1 0.0003848 + 1.863e-06

-
x10°
20 0 60 80 700
U1 Frequency
Residual U1
X Tnar 3081 /17
p0 007241
p1 002446
4 10 ] L] A .
f {I F A -
n L L L L L n L
5 70 15 20 25 30 35 0
A by unser
Residual U1
32 Tndf
po 0.00610
1 00004179
] 1 P PRy 1 e | l [ ) ¢ '] v
= l * ¥ P v l T * + T [
n , s , , L
0 5 10 15 20 25 30
Trial #

Unser (uA)

(BCM D3 - unser)/unser

(BCM D3 - unser)/unser

BCM vs UNSER, Combined analysis from Nov 2 and Nov 26 calibration

D3 Frequency verse Unser.

X2 7 ndt 37.21/27
p0 0.1883+ 0.06137
p1 "9.7050-05 + 3.22¢-07
s L i x10°
150 200 250 300 350 400
D3 Frequency
Residual D3
[ 7ndr 36.97/ 27
| p0 0.00329 + 0.00675
pi ~0.000112 + 0.0002298
[ ] )
é% ' 3 -
L ke ik e ke L
15 20 25 30 35 40
HA by unser
Residual D3
% 7ndt 36.19/ 27
I p0 -0.003808 + 0004404
pl 0.0002656 + 0.0002637
. i PR I S Y ) P
! { 8 T T T * T e
. L , | L
10 15 20 25 30
Trial #
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Unser (UA)

(BCM DNEW - unser)/unser

(BCM DNEW - unser)/unser

%2/ naf

80 100

Residual DNEW
37.79727

-0.001053 £ 0.00675
4.287e-05+ 0.0002298

0
MA by unser

Residual DNEW
[Z)Dl ndf 37.68/27

0.001667 + 0.004404
pt —0.0001019+ 0.0002637
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Z
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(BCM UNEW - unser)/unser

UNEW Frequency verse Unser
%2/ ndf 43.64/27

pO 0.05423+ 0.06173
p1 0.0002555+ 8.477e-07

Residual UNEW

43.01/27
0.005235 + 0.00675

0.0001804 + 0.0002298

20
WA by unser

38.86/27
-0.008403 + 0.004404
0.0005759 + 0.0002637

Trial #




BCM Calibration Fall
2016 .

12 St
BCM vs UNSER, Combined analysis from Nov 2 and Nov 26 calibration BCM vs UNSER, Combined analysis from Nov 2 and Nov 26 calibration

D10 Frequency verse Unser

D1 Frequency verse Unser -
z s . 3 YZTndf 36.68/20 S
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5 015 p1 0.0001977 + 0.0002446 3 . p1 —0.0007127 + 0.0007559
5 0.1 6 g
a 0.05 * = ’
a (]
=3
2 ' ] . 2 LJ
e 0 # 4 5 * Lol v g 3 ~e
-0.05 ; ° °
0.1
715 3 76 75 2 %5 30 35 E 4 1 25 =~ =% = -5
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Gain Offsets Spring 2016 I

Spring 2016 Calibration Coefficient

Feb-16 -2016 (Run 12514) April-10-2016 (13220)

BCM's Gain (x 106 pAlHz) Offset (uA) BCM's Gain (x 10-6 pAlHz) Offset (A
u B335 057022 ul B20:21 0682016
D1 32332 055022 01 32072 +1.88 0351016
D3 G3.9+057 0.19+012 03 83.38 + (.65 0294013
pio 3224033 0.14£0.14 D10 3208 £0.49 0194019

Onew 1728+133 0.046 £0.13 Dnew 2480+ 16 0154012

Unew 207+11 0034 £012 Unew 2043+14 0251012

March-04-2016 (Run 12916) April-21-2016 (13447)

BCM's Gain (x 106 pAlHz) Offset (uA) BCM's Gain (x 10-6 pAlHz) Offset (yA)
u 15227 1054015 ui H25+0.98 053011
D1 363+24 10162014 01 3084089 0141011
D3 §29+051 041008 03 Q202 0192009
1o 3238031 0.23£0.09 010 3195 £ 0.65 01302

Onew 12709 0231008 Dnew 1292 +0.25 00382012
Unew 1998+11 0.25£0.08 Unew 50.02 £0.29 00454012
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BCM vs UNSER, Run: 10505 (December 13, 2014)

U1 Frequency verse Unser

Rosidual Ut

Rosidual Ut

BCM vs UNSER, Run: 10505 (December 13, 2014)

D3 Frequency verse Unser

resains T
11 . — |
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Resiui 03

0012081 0017

Unr i)

| Pt “W é.

Unser iA)

BCM vs UNSER, Run: 10505 (December 13, 2014)

D1 Frequency verse Unser

TEsE 7=
Bo 0.05889 2 05004

Residual D1

01 Frequency

BCM Calibration Fall
2014

0.006156 +

Residual D1

WA by unser

o

000045411

6 004062

BCM vs UNSER, Run: 10505 (December 13, 2014)

D10 Frequency verse Unser
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BCM calibration Spring I_
201

BCM vs UNSER, Run: ALL (June 13, 2016)

D3 Frequency verse Unser,

BCM vs UNSER, Run: ALL (June 13, 2016) P
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Charge Comparison

Charge Comparison from Different BCMs
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