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Outline

 Data accidentals subtraction
e Simulation smearing

« Binning, cuts and corrections
— 3-clusters correction

« Cross-section extraction & comparison with Po-Ju

e Systematic errors calculation
— Clustering systematic errors
- Low statistics

01/Feb/2020 Hall A DVCS Meeting 2020



Photon2 t [ns]

—

Data accidentals subtraction

01/Feb/2020

Photons’ detection time wrt electron detection time

I PiO candidates + accidentals : 2 photons in [-3, 3] ns windows
Accidentals :
1. 1 photonin [-3, 3] ns and 1 photon in [-11, -5] ns
2. 1 photonin[-11, -5] ns and 1 photon in [-11, -5] ns
2 ! # -_— 10 3. 1 photonin [-11, -5] ns and 1 photon in [5, 11] ns

Number of pi0O events :

| O OO

5 10
Photonl t [ns]
Hall A DVCS Meeting 2020 3



Smearing

e« Cuts

Vertex :[-6.9742,6.6742] cm
R-value : 0.003 (used Alexa’s R-function)
Photons’ position(acceptance) cut : octogonal -

Clustering threshold : 1.10 GeV
+ (DAQ hardware threshold ~ 1.10 GeV)

Photon energy threshold : 1.10 GeV
Missing-mass”2[Mx2] cut : [0.0, 1.2] GeV"2 (-13, -20) (4, -20)
Invariant-mass (pi0’s )[Minv] cut : [0.11, 0.16] GeV

(11, 20)

(11, -13)

* Smearing division

Divide octagon into 7X7 overlapped area.

- Smear photon energy in each area with gaussian random : smeared energy = Gaus(energy*mean, sqgrt(energy)*sigma)

* Find mean and sigma with smallest chi*2 comparing Mx2 and Minv of data and simulation.

- Interpolate mean and sigma.
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Mx2 rotation

Before rotation
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Eniries

Mean x

Meany O
RMSx O
RMSy 0O

After rotation

—0.2 data Mx2Minv

= Entries 36696 .

8 wanx 1185  Mx2 and Minv should
= Meany 01387 be independent

RMS y 0.01305 variables
0.14 & . X i 50

Rotate Mx2-Minv
40 coordinate

30
0.08

0.06 20 Mx2_rot = Mx2 + C*(Minv — M_pi0)
C=20
10 M_piO : piO invariant mass

0.04

0.02
0

Mx? [GeV?]
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Smearing result

data VS smeared geant4 Mx data VS smeared geant4 M__
800 data_nosub_Mx2 'él:'ira_nasuh_h-'lin'.r
r aan Entries 28501 1800= aan Entries 28501
o Mean 1.21 S Mean  0.1387
700~ o l;'ﬁmi RMS  0.5661 1600F - RMS  0.01623
C e C e |
SDU: data bolorg accidanial s actinn 1400: data bolorn accidanial subfracton For anaIySiS
coof- fu 12001 Mx2 range : [0.6, 1.1] GeV"2
- o0oF- Minv range : [0.124, 0.144] GeV
400 C
soof- S0 - same range as Po-Ju’s
- 600
200 - :
C 400~ Clustering threshold : 1.10 GeV
- C Photon energy threshold : 1.70 GeV
100 200—
D_' g:|||||--|--_a|i_a-'_-,..---';_._._L | o
0 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

[GeV]

inv
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t-Binning (t - tmin)

t-binning with similar number of entries (events)

h_t data MNaoZub

i o o.1007 t0:[0,  0.085] GeV~2
500 e t1 : [0.085, 0.145] GeV"2

:W t2 : [0.145, 0.215] GeV"2
400 t3 : [0.215, 0.315] GeV"2

- t4 : [0.315, 0.680] GeV~"2
Bm;_ However, to compare cross-section with
Ecm: Po-Ju’s, used same t-binning.

- tO : [O, 0.097] GeV"2
1007 t1:[0.097, 0.167] GeV"2

F | t2 : [0.167, 0.258] GeV"2

Dnr”m olz' 03 04 05 06 o|:-"”6|s'”6|§”'1 t3: [0-2581 0-480] GeV"2

t - tmin [GeVA2] t4 : [0.480, 0.900] GeVA2
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Photon energy distribution

photon enengy. Mi rage : [0.6. 1.1] [GeV"]. Clustenng theeshald @ 1.10 Ge

Iie

Blue : data
Red : simu
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Photon energy
threshold : 1.70 GeV

Seems high, but still
lower than the
average of half of piO
energy.



Bin migration matrix

10"
60 022 Bin migration matrix of constant term of

0o the cross section (T + L)
018 5 thins, 12 phi bins

50

. 0.16 Corrections :

0.14 . Multi-track correction : 1.060

20 012 . Cerenkov efficiency correction : 0.9984

0.1 « scintillator(S2) efficiency correction : 0.9974

1008 . PiO braching ratio : 0.98823

20
0.06 . 3-cluster correction at photon energy threshold of 1.70 GeV : 8%
>  Corrected No. events
0.04
= No. Events X (multi-track) X (3-cluster)/(cerenkov)/(S2)/(Branch)
0.02
I I | > Radiative correction not applied, yet.
D N 1 T O A v o | D

o0 05 1 15 2 25 3 35 4 45 b5
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No. of events : data vs simu

kin36_1. t' bin 1 : [0.000, 0.097]
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Cross-section extraction

nb/GeV"2

350

or + o, [dt

300F

250

200

150F

100

Same cuts applied : vertex, rval, octogonal, Mx2, Minv

orr [dt

300:
250;
== Red :Po-Ju’'s
== Black : Ho San’s
“F Blue : GK-model
50
ci I
R
-1002 F T
-150;
2005 T R oy ey

Next step : systematic error studies

01/Feb/2020

Hall A DVCS Meeting 2020

50

-mof
-150f
-2003
-zsof

O i IR T B B B

-50F

11



800

700

600

500

400

300

200

100

Variables for systematic error calculation

data VS smeared geant4 Mx®

data_nosub_Mx2

C s Entries 29501
C - Mean 1.21
- . RMS  0.5661
: data bl acel E| i suract
oL — '
0 0.5 1
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photon energy. Mi rage | [0.6, 1.1][Gey™]. Clustenng theeshold 1 1.10 Gev
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Variables
« Mx2 max cut :
[0.8, 1.45] GeV"2
- Mx2 min cut : fixed
* Photon energy threshold :
[1.10, 2.10] GeV
e Clustering threshold :
[1.10, 1.40] GeV

 Red : nominal cut
* Blue : cut range for sys. err.
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Cross sections with different Mx2 max cut

o, +eo, 11 /dt o, + €0, 12 o, + €0, 13
Ak : : * Blue: inal -
S U I, | | section (@ 1.10 Gev~2)
] ‘ \ Iy ‘ \ * Red: Mx2 max cut range
l il l ‘ ‘ ] ‘ l | | | | for systematic error :
] | () | ‘ ‘ () [0.9, 1.2] GeV~2
] I ll ] l l ] ] m @clus_thresh : 1.10 GeV

oo UG 5 @phot_thresh : 1.70 GeV
l } THL ot t2 t3 t4
f l ‘ o +2.4% +4.0% +0.10% +0.68%
‘ ‘ ‘ ‘UN l l ‘ l | | | | | | | XEmaX - 21% -1.3% -6.4% -3.2%
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nb/

GeV 2,

Cross sections with different clustering threshold and photon energy threshold

@ Mx2 max : 1.10 GeV"2

o, +eo, t1 /dt

2501
240
230F
220
210 (\
2001 N
190
180
N N IS B [ S PR
1 12 14 16 18 B 22
photon energy threshold cut [GeV]
o; +€o 4
300
2801
260
240~

2 il

180 U i
160~
Covn v b v T R
1 1.2 14 16 TS 22
photon energy threshold cut [GeV]
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180[-
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o, +eo, 15

/ T+L

clus_thresh

Phot enemin

2.2
reshold cut [GeV]

Hall A DVCS Meeting 2020

E] 2 22
threshold cut [GeV] ©

tl

+2.8%
-0.0%

+3.4%
-1.9%

*  Clustering threshold

- Black : 1.10 GeV (nominal)

[ ]

Blue :1.35 GeV
Red :1.40 GeV

Photon energy threshold range :
[1.70, 2.10] GeV

Nominal cross-section
(@ 1.70 GeV)

t2

+8.4%
-0.0%

+1.3%
-11.%

t3

+6.5%
-0.0%

+3.4%
-1.9%

t4

+1.6%
-5.1%

+0.0%
-13.%
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Events |lost due to smearing after clustering

16

14

12

10

| Clust thresh : 1.85 GeV Aﬁér smearing
2 Photon 1:2.03 GeV - 1.94 GeV -
- Photon 2 : 2.32 GeV - 2.26 GeV
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Clust thresh : 1.35 GeV After smearing

Photon 1: 2.05 GeV - 2.23 GeV
Photon 2 : 2.33 GeV - 2.31 GeV
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1.2

1

0.8

1.6 |

Event that passed
2-cluster,
octogonalcut,
vertexcut, rvalcut,
mass cut.

But detected with

i clus_thresh 1.35 GeV

0.6

04 !

0.2

0

not with 1.85 GeV
Photon energy
threshold : 2.0 GeV

> Photon energy
threshold should be
far away from
clustering threshold
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nb/
GeV12

Low statistics in systematic error studies

o, +eo, t1 [dt

190[
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o +€c 12

230F

G + €0 15

A00EL e
1

g

o, + €0, 13

18 2 2.2
ergy threshold cut [GeV]

h_Minv_PhiBin_dat: t2 hi6

@ fixed clustering
threshold 1.10 GeV

When changing photon
energy threshold, the
statistical error increases

h_Minv_PhiBin_dat 2 >hi6

data : 155
aaa : 0
cca : 1
acc :1
— total: 153
— simu : 304

- Photon energy
r threshold :
£1.70 GeV

data : 47
10, aaa : 0
cca : 0
8 acc : 0
— total: 47
o — simu : 99

4—Photon energy
- threshold :
72,10 GeVv

!

[

|
Il

P T S N T T T A R M
0 0.05 0.1 0.15 0.
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D‘II

Ll
0.15 0.2
Minv [GeV]

P IR IR
0.05 0.1

Minv of simulation
and data matches
in each 5 t-bins
and 12 phi-bins.

Statistics decreases.
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Cross-section with systematic errors

nb/
GeVn2 o+ <o [dt Orr
500 4001 T+L i1 t2 t3 t4
“ = V2 max cut +2.4% +4.0% +0.10% +0.68%
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3501 100"
: dlus thresh +2.8% +8.4% +6.5% +1.6%
2502\ & - -0.0% -0.0% -0.0% -5.1%
B 100
200; 2005 Photon +3.4% +1.3% +3.4% +0.0%
150 . 00 enemin -1.9% -11.% -1.9% -13.%
100 00 otal +5.0% +9.4% +7.3% +7.8%
] e e e e ' _500:| ool b b b by '28% '11% '67% '14%
0.1 02 0.3 04 05 0.1 02 0.3 04 05
.. 500
on 5 t-binning ol O/ T+L t1: [0, 0.48] GeVA2
200 E GeV"2
F } 4001 N +0 00
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100F PJ E T
E a00f- 2 t-binning +3.8%
bi: e PEs: LEaiEt) . Integrated over phi clus_thresh '
E 250 -0.0%
o |:| clustering thresh : [1.10, 1.40] [VeV] F
E " 200 . +0.09
-502 //// photon ene thresh : [1.70, 2.10] [VeV] E PhOtOI’] enemin 0 00/0
50 -2.9%
E combined systematic error E 3 80/
150E 100~ +5.
i — — GKmodel E total 00
popee v Lo 0 Lo L 1 L S0 vl b b b L -3'7A)
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Conclusion

* Photon energy threshold should be far away from the clustering
threshold.

- Due to simulation photon energy smearing after the clustering.

* Low statistics give effects to systematic error.
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Outlook

e Future plans
Change cuts & t-binnings.

01/Feb/2020

 Loosen the Minv cuts.

e Sys. err. calculation on Mx2 min., max, Minv min. and max..

Higher clustering threshold.

Thesis writing.
Helicity depenent term.

Hall A DVCS Meeting 2020
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Backups
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Statistical errors

G; + €0, 2 Cr + €6 Integrated over t & phi

260 260 _ : :

- nb/GeV 2 -+ Blue : norminal cross-section

- ~» Red : range for systematic error
250~ 2501~ [
240 } } 240 I
230 ‘ ‘ 230 I I
220 ‘ ‘ ‘ ‘ 2201 \ { [ I {
210F 210 } }
Euﬂl_l|IIIIIIIII|IIII|IIII|IIII|IIII|IIII| Eﬂﬁ'_"l'"'!""!""!""!""l""l""l

0.8 09 1 11 12 13 14 15 08 09 1 11 12 13 14 15

( missing mass range : 0.6 ~ x [GeV?] WG missing mass range : 0.6 ~ x [GeV?



Statistical errors

c; + €0, t2 O; + €0 Integrated over t & phi

280 280

- nb/GeV"2 - _ . .

i . * Blue : norminal cross-section

- B  Red : range for systematic error
260 2601
240 240
220/~ T P
200 x\ 200
180 180~

i | | | | | | | | 1 | | | | | | | | 1 | I 1 1 1 i 1 1 | | | | | | 1 1 | | | | | | | | 1 | 1 1 1

—i
—

1.2 1.4 1.6 1.8 2 2.2 1.2 1.4 1.6 1.8 2 2.2
( photon energy threshold cut [GeV] ¢ photon energy threshold cut [GeV]



Statistical errors

c; + €0 12 Or + €0, Integrated over t & phi

2701 2701

- nb/GeV"2 N _ : ,
o60F- s80F « Blue : norminal cross-section

- [ =  Red : range for systematic error
250 250 I
?_amf— J 2400

- - I
230 } 2301~

: | | : L
220F { \ ‘ 220F l | I I I
210f 210 L]
200F- 200F
19{]; 1gﬁf_
1EU: | | | | | | | | 1 | | | | I I I I | I I I I 1 1Eﬁ: 1 1 | | | | | | 1 1 | | | | | ! | | T ! T T 1
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Photon energies

_ niemp
— ’ Entries 342532
% o Meanx  1.843
9. 4.5 Meany  1.858 |
o\ O |RMS x 0885
? 4 . |RMSy 0.6942 |
c
L
3.5 —10
3| —8
2 Gl —6
o 4
1.5 2
1 0

: P i S,
1 1.5 2 25 3 3.5 4 4.5 5
Energy 1 [GeV]
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Mx2 rotation

Before rotation After rotation
veanx @G Meanx  1.185 Mx2 and Minv should

Meany O

- Meany 01387 be independent

RMSy .

> RMS x  0.4967 )
RMS y 0.01305 variables

0.14 - BN Btk 50 :
- . Rotate Mx2-Minv
40 coordinate

30
0.08

0.06 20 Mx2_rot = Mx2 + C*(Minv — M_pi0)
C=20
10 M_piO : piO invariant mass

0.04

0.02
0

Mx? [GeV?]
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Mx2 rotation

Before rotation After rotation

data Mx2Minv
Enirigs 158440

Meanx 1718 Mx2 and Minv should

Entries 1! =

Mean x
Meany O %;.18

PO .
AMsx 0 = e be independent
RMsy o O.16 RMSy 001543 | variables
0.14 l : _
m 0 Rotate Mx2-Minv
012 coordinate
0.1
—60
0.08
0.06 40 Mx2_rot = Mx2 + C*(Minv — M_pi0)
Cc=20

0.04 M_piO : pi0 invariant mass

0.02

. 3
Mx? [GeV)
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Smearing result

data VS smeared geant4 Mx* data VS smeared geant4 M_
data_nosub_Mx2 'él:'ira_nasuh_h-'lin'.r
1800 =" Entries 128154 e Entries 128154
B e Mean  1.729 - Mean  (.1343
L - ﬂ RMS  0.7477 7000F - RMS 0_021:4
14'30_— - r - |
1200__ data helord accdp ol sultbacifn EDUD:_ data beloen accidanlal susfraction For anaIySiS
- thl 5000 Mx2 range : [0.6, 1.1] GeV"2
1090 : Minv range : [0.124, 0.144] GeV
N 4000
800 n
sool 30000 — same range as Po-Ju’s
400:_ EDUDf—
2[,.3:_ mnof—
B L E||||,,,|! 1 Y S e ] Rt B SN N RS T
E]ID 0.5 1 1.5 2 2 E]ID 0.02 0.04 0.06 0.08 01 012 0.14 0.16 0.18 0.2

5 3
M, [GeV?] M., [GeV]
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Variables for systematic error calculation

data VS Sm earEd geant4 sz phatonl energy. Mi rage | [0.6, 1.1][Gey™]. Clustenng theeshold 1 1.10 Gev
data_nosub_Mx2
1600 ™" Entries 128154 | /00 [
- - Mean  1.729 .
1a00b= - RMS  07477] oo Variables
C - d « Mx2 max cut :
cata holoed aceliilnial susttactisn [0.8’ 1.45] Gev/\z

« Photon energy threshold :
[1.10, 2.10] GeV

» Clustering threshold :
[1.10, 1.40] GeV

300

12001 500
1000F- MM 400
800 \

600
- 200

4001 '
B ]1]11 100
2001~
: WM 0 s
0 I o _ | | 111 | 11 1 | L1 1 1 | | I I | | 11 1
0 0.5 1 15 2 25 3 0 1 2 3 4 5 6 7
M: [GeV?] E, [GeV]
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