BOlhng RunS Boiling runs: 1513-1530

HMS = 12.493 deg
SHMS = 36.88 deg
NPS = 20.58 deg

Calo HV Off, Sweep Magnet Off, EDTM = 100 Hz

RunNo Target ps-factor Current duration(s)
1513 LH2 ps3=1 5 868

1514 LH2 ps4=1 634
1515 LH2 ps4=3 735
1516 LH2 ps4=5 706
1517 LH2 ps4=9 962

1518 LD2 ps4=65 872
1519 LD2 ps4=33 659
1520 LD2 ps4=33 727
1521 LD2 ps4=17 599
1 LD2 ps4=9 639

1523 .5C  ps4=9 489
1524 .5C  ps4=5 666
1525 .5C  ps4=5 690
1526 .5C  ps4=5 702
1528 .5C  ps4=3 747
1530 .5C  psd=1 928
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Boiling Runs
-m S Events*ps (k)

1514 0 1023966 1024

1 1515 2 3 10 10 912408 2736
1516 3 5 15 10 751598 3758

1517 4 9 25 15 811950 7308
1518 7 65 40 15 521346 33884

1519 6 33 25 10 485796 16031

LD2 1520 6 33 18 10 289841 9563
1521 5 17 10 10 328346 5581

1522 4 9 5 10 345025 3105

1523 4 9 35 10 180135 1621

1524 3 5 35 10 156607 783

i 1525 3 5 40 10 187356 937
1526 3 5 25 10 144809 724

1528 2 3 15 10 153366 460

1530 0 1 5 15 190627 190

2
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Boiling Yield Analysis

» Fill all the BCMA4A scaler current readouts into a 1-D histogram => Gaussian Fitting = Get [ and o
» Use I — 30 uA cut to calculate the charge for each run
» Apply the same cut when selecting EI-REAL events

Scaler Yield Non-tracking Yield Tracking Yield
scaler htrigd — scaler edtm # of events X ps-factor # of events X ps-factor
charge charge X LT charge x LT X track eff
Cuts for scaler counting: Cuts for event selection: Cuts for event selection:
» Beam current cut » Beam current cut » Beam current cut
» Non-edtm » Non-edtm
» npeSum>2 » npeSum>2
» 0.6<etotnorm<I.5 » 0.6<etotnorm<I.5
> |gtr_dp| < 10
# of events > |vtx z| <4

LT

X ps — factor

A\

scaler_htrig4 — scaler_edtm

vtx_ok and gtr ok

KinC x50 2



Boiling Yield Analysis

Carbon
Charge normalized El-Real events(Carbon) Charge normalized El-Real events(Carbon)
3
~ 130F22 = ] 103,
2 H —*— Scaler Yield 8 [| —%— Scaler Yield
2 120 | —¥— Non-tracking Yield IS 1 02l —¥— Non-tracking Yield
§ 110H —*— Tracking Yield % | —%— Tracking Yield
— O —
- * * o —
1001 % —*— ' * 1.01—
90— -
80— ¥ ) ) N i 1 :_
70 :_ A b b N :
- v ' * v ’ 0.99{—
60— / -
50 ;_ y = 51.3462 x 4 98966 y = 46.8267 x 4 82802 y = 35.3809 x 4 66760 0.98— gjope :5.188 % in 100 uA Slope : 5.655 % in 100 A Slope : 5.300 % in 100 pA
40 —  x2/NDf=95.967/4 2/ NDf = 22.581/ 4 2/ NDf = 17.659/ 4 —  x2/NDf=95.967/4 %2/ NDf = 22,581/ 4 ¥2/ NDf = 17.659 / 4
= 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 11 1 0 97 B 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 11 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Beam Current (uA) Beam Current (1A)
First Fitting Second Fitting
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Boiling Yield Analysis

Carbon
Charge normalized El-Real events(Carbon)
g 103[ _ = 1.03
8 || —%— Scaler Yield 8
(0] H [0]
k= H —*— Non-tracking Yield £
2 1.02H < 1.02
2 | —%— Tracking Yield 2
5 B 3
o = o
1.01— 1.01
1:— 1
0.99|— i 0.99
0.98— gjope :5.188 % in 100 uA Slope : 5.655 % in 100 LA Slope : 5.300 % in 100 pA 0.98
L 42/ NDf = 95.967 / 4 42/ NDf = 22.581 /4 42/ NDf = 17.659/ 4
0.97 B 1 1 1 1 | 1 1 1 1 | 1 11 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 0.97
0 5 10 15 20 25 30 35 40
Beam Current (1A)
With 5 uA run

KinC x50 2

Charge normalized El-Real events(Carbon)

—*%— Scaler Yield
—¥— Non-tracking Yield

—— Tracking Yield

Slope : 2.398 % in 100 ptA Slope : 3.532 % in 100 pA Slope : 3.234 % in 100 LA
x2/NDf =7.624/3 v2/NDf =1.888/3 v2/NDf=1.837/3

6‘-_IIII|IIII|IIII|IIII|II

15 20 25 30 40
Beam Current (1A)

Without 5 uA run



Boiling Yield Analysis

Charge normalized El-Real events(LH2)

= 1.03[
8 || —%— Scaler Yield
GJ —
£ 1 02l —>— Non-tracking Yield
2 | —— Tracking Yield
>
5 E
O —
1.01— *
- *
¥ ¥
B L ¥
e —
0.99|— %
0.98— gjope :3.887 % in 100 uA Slope : 1.621 % in 100 LA Slope : 2.228 % in 100 pA
- 42/ NDf = 189.270/2 42/ NDf = 128.175 /2 42/ NDf = 47.777 / 2
B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 | 1 1 1
.97
0.9 0 5 10 15 20 25
Beam Current (uA)
With 5 A run

KinC x50 2

LH2

Counts / Intercept

1.03

1.02

1.01

0.99

0.98

0.97

Charge normalized El-Real events(LH2)

—*%— Scaler Yield
—¥— Non-tracking Yield

—— Tracking Yield

P

L S 4)#

Slope : 0.599 % in 100 pA Slope : -1.245 % in 100 pA Slope : -0.109 % in 100 pA
¥2/NDf =4.031/1 x?/NDf =5.367 /1 2/ NDf =1.862/1

(n—IIII|IIII|IIII|IIII|II

10 15 20 25
Beam Current (1A)

Without 5 A run



Boiling Yield Analysis

LD2

Charge normalized El-Real events(LD2) Charge normalized El-Real events(LD2)
g 1.03[; 5 1030
8 || —%— Scaler Yield 8 || —%— Scaler Yield
(0] H [0] H
£ 1 02l —¥— Non-tracking Yield IS 1 02l —¥— Non-tracking Yield
2 | —%— Tracking Yield 2 | —%— Tracking Yield
> >
3 o 3 o
1.01— 1.01—
- * -
- /M - *
Kl
1 11— i
u u ¥
— — ? 3
0.99— 0.99— ¢
- ¥ -
0.98— siope :1.945 % in 100 uA Slope : -1.649 % in 100 LA Slope : -2.156 % in 100 pA 0.98— siope : 0.557 % in 100 LA Slope : -3.032 % in 100 LA Slope : -3.542 % in 100 pA
L 42/ NDf = 852.698 / 3 42/ NDf = 692.144/ 3 2/ NDf = 421.388 /3 2/ NDf = 140.466 / 2 2/ NDf = 178.471/2 2/ NDf = 113.497 / 2
_I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 |_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
O'970 5 10 15 20 25 30 35 40 0.97 5 10 15 20 25 30 35 40
Beam Current (uA) Beam Current (1A)
With 5 uA run Without 5 A run

KinC x50 2



Boiling Yield Analysis

- With 5 yA run Without 5 yA run

% in 100uA Scaler Non-Tracking Tracking Scaler Non-Tracking Tracking
Carbon 5.188 5.655 5.300 2.398 3.532 3.234
LH2 3.887 1.621 2.228 0.599 -1.245 -0.109
LD2 1.945 -1.649 -2.156 0.557 -3.032 -3.542

The Maximum current for LH2 1s 25 uA ?

KinC x50 2 )



Low Current BCM4A Calibration

. Toy Model Yield for a Carbon Target
The formula to calculate the BCM4A current: e Measurod Comront

(where I_msr = |_true + offset error)
OFFSET — Offset error = +0.1 muA
oriset error LOmu
. ffset 0.0 A
I (Scalerdiff + Tlmediff) - (_ 1 60 5) offset error = -0.1 muA
BCM4A = 9 5 70 for comparison: slope of -2.8%/100muA, no offset
1.02

GAIN

Charge normalized El-Real events(Carbon)

5 1.08[; 1.01
8 [l —%— Scaler Yield
S i
k= N e Non-tracking Yield
2 [| —*— Tracking Yield —
< H —
© o0 1.00
1 —
N 0.99
0.99—
0.98/— sjope :5.188 % in 100 LA Slope : 5.655 % in 100 uA Slope : 5.300 % in 100 pA
L 42/NDf =95.967/ 4 42/ NDf = 22.581/ 4 42/ NDf = 17.659/ 4
— 0.98
097_| 1 1 1 I 11 11 I 1 11 1 I 11 1 1 I 11 11 I 1 11 1 I 1 11 1 I 11 11 I 1 11 O 5 10 15 20 25 30 35 ‘10
-0 5 10 15 20 25 30 35 40

asur 3es e
Beam Current (uA) Measured Beam Current (muA)



Low Current BCM4A Calibration

Counts / Intercept

Counts / Intercept

1.03

1.02

1.01

0.99

0.98

0.97

1.03

1.02

1.01

0.99

0.98

0.97

Charge normalized El-Real events(Carbon)

[l —%— Scaler Yield

| —*— Non-tracking Yield

[| —— Tracking Yield

- i OFFSET = —1605

[ Slope :5.188 % in 100 uA Slope : 5.655 % in 100 uA Slope : 5.300 % in 100 pA

L 42/NDf=95.967/4 2/ NDf = 22.581/ 4 ¥2/ NDf = 17.659/ 4

_I 11 1 I | I I - I | I I - I | I | I | I | I | I | I L1 1 1 I | I I 11

0 5 10 15 20 25 30 35 40
Beam Current (uA)

Charge normalized El-Real events(Carbon)

[ —%— Scaler Yield

H Non-tracking Yield

[| —%— Tracking Yield

- i 4

— * =

- OFFSET = —105

[ Slope : -0.151 % in 100 pA Slope : 0.489 % in 100 A Slope : 0.155 % in 100 pA

- %2/NDf=1.841/4 x2/NDf = 3.090/ 4 x2/ NDf = 2.671/4

_I 11 1 I | I I - I | I I - I | I | I | I | I | I | I L1 1 1 I | I I 11

0 5 10 15 20 25 30 35 40

Beam Current (uA)

Counts / Intercept

Counts / Intercept

1.03

1.02

1.01

0.99

0.98

0.97

1.03

1.02

1.01

0.99

0.98

0.97

Charge normalized El-Real events(Carbon)

[l —%— Scaler Yield

| —*— Non-tracking Yield

[| —*— Tracking Yield

C ) W

- ; OFFSET = —605

[ Slope :1.595 % in 100 pA Slope : 2.173 % in 100 uA Slope : 1.889 % in 100 ©A

- 42/NDf=12.870/4 +2/ NDf = 2.785/ 4 42/ NDf = 2.232/ 4

C | I | I | I | I | I | I L1 1 1 I | I I | I I | I I - I | I | I 11

0 5 10 15 20 25 30 35 40
Beam Current (uA)

Charge normalized El-Real events(Carbon)

[l —%— Scaler Yield

H Non-tracking Yield

[| —*— Tracking Yield

- OFFSET = +1605

[ Slope :-5.122 % in 100 pA Slope : -3.995 % in 100 pA Slope : -4.324 % in 100 |t

—  x2/NDf=77.443/4 %2/ NDf = 33.234/ 4 ¥2/NDf = 29.977 / 4

C | I | I | I | I | I | I L1 1 1 I | I I | I I | I I - I | I | I 11

0 5 10 15 20 25 30 35 40

Beam Current (uA)

BCM4A
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Low Current BCM4C Calibration

The formula to calculate the BCM4A current:

OFFSET

(scalerdiff + Timedl-ff) —|250
Ipcmac = 1332

GAIN

Charge normalized El-Real events(Carbon)

= 103
8 | —«— Scaler Yield
S ]
k= N e Non-tracking Yield
2 [| —— Tracking Yield
8 |
8 -
1.01—
1 —
0.99 i
0.98— giope :5.188 % in 100 uA Slope : 5.655 % in 100 uA Slope : 5.300 % in 100 LA
L ,2/NDf=95.967/4 42/ NDf = 22.581/ 4 42/ NDf =17.659/ 4
0.97 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 5 10 15 20 25 30 35 40

Beam Current (uA)

1.02

1.01

0.99

0.98

wn

Toy Model Yield for a Carbon Target

vs Measured Current

(where I_msr = |_true + offset error)

— Offset error = +0.1 muA

offset error = 0.0 muA

for comparison: slope of -2.8%/100muA, no offset

10

offset error = -0.1 muA

15 20 25

Measured Beam Current (muA)

30

w

7,
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Low Current BCM4C Calibration

Counts / Intercept

Counts / Intercept

1.03

1.02

1.01

0.99

0.98

0.97

1.03

1.02

1.01

0.99

0.98

0.97

Charge normalized El-Real events(Carbon)

| —%— Scaler Yield

| —*— Non-tracking Yield

[| —— Tracking Yield

B i OFFSET = 250

[ Slope : 4.626 % in 100 uA Slope : 5.121 % in 100 uA Slope : 4.813 % in 100 pA

L 42/NDf=52.149/4 42/ NDf = 13.990/ 4 42/ NDf =7.769/ 4

B 11 1 | I 111 | I 111 | I 111 | I 111 | I 111 | I 111 | I 111 | I 11 1

0 5 10 15 20 25 30 35 40
Beam Current (uA)

Charge normalized El-Real events(Carbon)

| —%— Scaler Yield

H Non-tracking Yield

[| —%— Tracking Yield

C i r {» ¥

- OFFSET = 430

[ Slope :0.130 % in 100 pA Slope : 0.766 % in 100 uA Slope : 0.564 % in 100 pA

- 42/NDf=9.829/4 ¥2/NDf =10.103/ 4 x2/NDf =5.015/4

B 11 1 | I 111 | I 111 | I 111 | I 111 | I 111 | I 111 | I 111 | I 11 1

0 5 10 15 20 25 30 35 40

Beam Current (uA)

Counts / Intercept

Counts / Intercept

1.03

1.02

1.01

0.99

0.98

0.97

1.03

1.02

1.01

0.99

0.98

0.97

Charge normalized El-Real events(Carbon)

[l —%— Scaler Yield

| —*— Non-tracking Yield

[| —*— Tracking Yield

— 1 I

- OFFSET = 350

[ Slope : 2.065 % in 100 pA Slope : 2.644 % in 100 uA Slope : 2.358 % in 100 ©A

- 42/NDf=11.854/4 42/ NDf = 6.352/ 4 42/ NDf = 1.784 /4

C | I | I L1 1 1 I | I | I | I | I L1 1 1 I | I | I | I | I L1 1 1 I 11

0 5 10 15 20 25 30 35 40
Beam Current (uA)

Charge normalized El-Real events(Carbon)

[l —%— Scaler Yield

H Non-tracking Yield

[| —*— Tracking Yield

C T

- OFFSET = 650

[ Slope : -4.571 % in 100 pA Slope : -3.401 % in 100 pA Slope : -3.618 % in 100 pA

—  x2/NDf=96.379/4 x2/ NDf = 41.867 / 4 x2/NDf = 32,635/ 4

C | I | I L1 1 1 I | I | I | I | I L1 1 1 I | I | I | I | I L1 1 1 I 11

0 5 10 15 20 25 30 35 40

Beam Current (uA)

BCMA4C
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Low Current BCM Calibration

Slope(% in 100 pA))

Carbon Scaler Yield Slope vs. BCM4A Offset

Slope(% in 100 pA))

Carbon Scaler Yield Slope vs. BCM4C Offset

]_Ill-llTlllllII|III|III|III|

y =|-30.5156|x:+ -0 _
x?/NDf=0.210/2 L x?/NDf=0.171/8
—6 11 | 11 1 1 | L1 1 | | L1 1 | | 11 1 1 | L1 1 | | L1 1 | | 11 1 | N
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

BCM4A_Offset / BCM4A_Gain

BCMA4A_GAIN = 9570

OFFSET
GAIN

When changing the

| y=-30.6289)x + 10

0.2 0.25 0.3 0.35 0.4 0.4

BCM4C_Offset
BCMA4C GAIN = 1332

value, different BCM has similar behavior.
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Low Current BCM Calibration

Toy Model Yield for an LD2 Target Charge normalized DVCS events(LH2) / Mean value
vs Measured Current o —
(assuming -2.8%/100muAslope) = I
> 1.05 ::"
no bcm offset error offset error tuned to +0.15 % —
s —
1.02 % 1.04 :_
i) ~
S 1.03—
(@] L
[&] -
1.02—
_\
101 1.01 T
1=
- T
0.99—
100 0.98— Fit result: y = -0.0006x + 1.0201
- +2/ NDf = 47.844 /18
0.97—
=1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
10 15 20 25 30 35 40

Beam Current / pA

0.99

Possible Improvements
» Use correct BCM offset to calculate the charge
» Calculate LT in a more accurate way
098 » Apply new NPS CAL calibration coefficients

Measured Beam Current (muA)



LT Calculation

Charge normalized El-Real events(Carbon) Charge normalized El-Real events(Carbon)
g 1.03[ g 1.03[
8 || —%— Scaler Yield 8 || —%— Scaler Yield
(0] H [0] H
£ 1 02l —¥— Non-tracking Yield IS 1 02l —¥— Non-tracking Yield
2 . | —%— Tracking Yield 2 . | —%— Tracking Yield
3 B 3 B
O = O =
1.01— 1.01—
B B *
: S S S o
C N s
- = i
- - ¥
0.99— 0.99—
0.98— siope : 2.398 % in 100 LA Slope : 3.532 % in 100 uA Slope : 3.234 % in 100 pA 0.98— siope :2.398 % in 100 LA Slope : 6.638 % in 100 1A Slope : 6.313 % in 100 pA
- ,2/NDf=7.624/3 42/ NDf = 1.888 / 3 42/ NDf = 1.837/3 - ,2/NDf=7.624/3 42/ NDf = 473.838 / 3 42/ NDf = 438.948 / 3
O 97 _l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 O 97 _l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
~"40 15 20 25 30 35 40 ~"40 15 20 25 30 35 40
Beam Current (uA) Beam Current (1A)
# of events .
LT = X ps-factor Directly from the report file

- scaler_htrig4 — scaler_edtm

(“HMS TRIG4 Computer Live Time”)
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Distributions

h_etotnorm_1519

h_etotnorm_1519
Entries 483682
Mean 0.7928
. StdDev  0.3110
10°=—
10°=—
10—
1=
:I HH 1 1 | 1 1 1 1
0 0.5 1 15 2 25 3
h_delta_1519
h_delta_1519
25000— Enfries 483682
B Mean -0.9700
- Std Dev 6.745
20000]—
15000/ —
10000 —
5000/ —
O—IIII|IIII|IIII| IIlIlIllllIIllI|IIII|IIII|IIII
-50 -40 -30 20 -10 0 10 50

h_npesum_1519

h_npesum_1519

10° Entries 483682
Mean 7.027
Std Dev 2.809
10°
10°=—
10—
:IIII|IIII|lIII|IIII|IIIIIIIII|IIII|IIII|IIIl|IIII
0 1 2 3 4 5 6 7 8 10
h_vtx_z 1519
h_vix_z_1519
- Entries 483682
= Mean 0.3522
7000 — StdDev  3.666
6000—
5000—
4000—
3000—
2000—
1000—
O—IlllIII|IIIIIII|II]IIII|III|IIIIIIIlIII
-10 -8 6 -4 2 0 2 4 6 10
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400

X
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w

Distributions

h_vtx_ok_1519

h_vix_ok 1519

h_gtr_px_1519

Entries
Mean
Std Dev

483682
0.8721
0.3339

”

h_gtr_px_1519

Entries
Mean
Std Dev

483682
-1.420
8.164

350
10°*

300

w

250 10

200

N

M—Hlllﬂq IIIIIIII| llIIlIﬂ] IIIIIIII| lllllfﬂ] I

10

150

10
100

|IIII|IIII|IIII‘IIII|IIII‘IIII|IIII|IIII

50

W T NN

I I 1 1 I |1
-600 -400 -200 0 200 400 600 800 1000

lIIlIlIIIIIIIIIlllIIlI|l|llII[IIlIlIIIIIlIlIIlI -1

2 3 4 5

o
o
o

=OTTT

h_gtr_ok_1519

X
-
o

w

h_gtr_ok_1519

400

350

300

250

200

150

100

50

III]|IIII|IIII’IIII|IIII’IIII|IIII|IIII’IIII

lllllllll

Entries
Mean
Std Dev

483682
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