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Outline

s B
Aim: Simulation of the channele p — e p T1°

Secondary aim: Get the complete simulation and
analysis chain working

N

-
/ Steps of the simulation/analysis chain:

» Generate physics data with AmpTools

« Simulate the response of the CLAS detector
and the forward tagger with gemc

* Reconstruct the data with CLARA
« Convert the output to the HASPECT format (root)
* Do physics analysis with the HASPECT framework

- /
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Step 1: Physics data generation with AmpTools

« Andrea has provided a macro, which uses AmpTools to generate
physics events for the channel e p 2> e p ° based on amplitudes
from Vincent

* The beam energy has been set to 11 GeV

* The macro contains the condition that electrons are only generated
under a forward angle between 2.5° and 4.5° and with energies
between 0.5 GeV and 4.5 GeV

= Only these electrons will be detected by the FT and act
as part of the trigger for the MesonEx experiment

- The quasi real photons produced
by the electrons scattered under a ¢
very small angle (low Q?) are used
for the photoproduction of the
neutral pion.

>
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Reaction kinematics of the generated data

» The generated events have been analyzed to get a first impression
how the reaction kinematics will look like

t-distribution Q3-distribution of the virtual photon
43 ~ 4_momentum_transfer_squared_t 42 4500 Q2:-(Pbeam-Peprime).M2()
§ 12000 Entries 300000 § Entries 300000

Mean 0.2737 4000 ; Mean 0.1026
Std Dev 0.3333 - Std Dev  0.05971
10000 3500}
3000; _— 2
8000 — 2 = - .
i peak at 0.1 GeV o mean = 0.1 GeV
Il —_ 2 -
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20001 — -
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Q2 distribution is not exactly 0 like for a real photoproduction experiment
- Has to be considered by small corrections in the amplitude model
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Reaction kinematics of the generated data

degree of transverse polarization of the virtual photon (epsilon):

0 epsilon
= Entries 300000
3 ot Mean 0.4319
0 — Std Dev 0.1781
10° —
_I [ | [ | ‘ I | | I | | I I | I I | [ | I | | | | |

0 0.1 02 03 04 05 06 07 08 09 1
epsilon
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Kinematics of the scattered electron

electron energy

electron theta distribution

» The energy and the angle theta of the electron are only simulated
within the acceptance range of the forward tagger (trigger condition)

- Eieleclronflab % 2200 = THEAT _electron_lab

- "8 | e e S

- 1800 — Std Dev 0.5745

S 1600/

= 1400 —
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Kinematics of the proton

counts

- P_proton_lab ‘ugl [ [ THEAT_proton_cm
7000— Entri 300000 §14000(— [ Entries 300000
- momentum . oaswr = | Mean 168. theta proton
so00F— StdDev  0.3052 12000 | St4DeY 629
- - CM frame
C 10000 —
5000 N
B 8000 —
4000— -
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0: Ll ‘ L1 ‘ | | |- | | I ‘ L1 1 ‘ | | L1 ‘ Lo L | ‘ | theta / °
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4] _proton_vs_theta_proton — L ev A
g B energy vs. theta Entries 300000 10000 — f
st Moanx 1088 -LAB frame * Nearly all protons are
g 8 02 || 400 - :
g Sapovy e 8000 — going to the central
- 8 detector of CLAS12
o {00 6000 — I
B ) C Triggering on this part
40— T — . .
N B oe 40000 will be essential for the
- o000l reconstruction of the
“r oo - studied channel !l!
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Kinematics of the neutral pion

counts

energy distribution of the pion theta distribution of the pion
900 = E pi0_lab 2 E THEAT pi0_lab
~ |Entries 300000 3 40000 — Entries 300000
800 = | Mean 8.269 = Mean 3.384
— | Std Dev 1.185 35000 Std Dev 2.15
700 — C
600 — 300001
500 25000
400— 20000
300 15000
200 10000~
100 ;— 5000f
0 = . | = ! ‘ . : . L O B | 11 ‘ 11 | ‘ | | | | | 11 ‘ I 11 | | | |1 1 ‘ 11 | | 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16 18
energy /GeV theta/°

- 19 has a quite high energy and is emitted in forward directions

- Information for 11 can be used to calculate the gammas
- Random back to back distribution in the CM frame
- Boost to the LAB frame
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energy distribution of the gammas

E_gammat
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Calculated kinematics of the two gammas

theta distribution of the gammas

THEAT_gammat
Entries 300000
Mean 5.267
Std Dev 7.529

‘HII

* Many low energetic gammas
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* Most gammas are detected by the forward tagger
and the forward detector of CLAS12
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Angle between the two gammas of the ° decay

Angle between the two gammas
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alpha_gammal_gamma2_lab
Entries 300000
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Std Dev 6.512
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o
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angle between gamma 1 and gamma 2 /°

* Narrow angle between the gammas for most of the pairs,
but gamma clusters can be separated in most cases
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Step 2: Simulation of the detector response with gemc

« AmpTools provides the generated events in the lund format (text file)
which is used as input for gemc

« Simulation has been performed with a realistic resolution (RUNNO = 11)

« Simulation takes 1.2 - 1.5 s per event with 2 Intel i5 650 (3.2 GHz) cores
(approx. 55000 events are simulated in 24 h)

- Move to a cluster for larger event numbers

Output of the simulation: evio file

- Has to be converted to the hipo format
to pass it through the reconstruction
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gemc GUI for the visualization of the simulation
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Step 3: Reconstruction of the events with CLARA

* CLARA is based on COATJAVA

* CLARA stores the reconstructed particles in a hipo database
iIn which also the generated particles are kept

* In addition all information about the output of the detectors which
contributed to the reconstructed events can be looked up in this database

To consider: In the used version of CLARA tracking in the CD had
been deactivated to fix an issue
- Protons in the CD are not reconstructed!

=» Issue is fixed in the recent version of CLARA

* The database can be directly accessed to view the events

* For further analysis the contained information have to be read out
from the databse and converted to the HASPECT format (root)
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HIPO database provided by CLARA

[hipo-reader] ---= header record is read successfully : # events =1
Number of records recovered = 31

EEEEFFFEFFEFEEEE SRR R R EVENT # a B

e e T T T R R Ho-------- +
| id] name | entries| group| items|
e e T T T R R Ho-------- +
| el RUN::rf| 3| 11| 2|
| 1] FTOF: :adc| 84| 101 7]
. | 2] FTOF: : tdc| 84| 102| 5|
OverV|eW | 3] FTCAL: :adc| 76| 401| 7]
| 4] FTHODO: :adc| 2| 402 | 7|
for ohe event. | 5] DC: :tdc| 442| 302 5]
. | 6] DC: :doca| 442| 303 5]
| 7] CTOF: :adc| 4] 501 7]
| 8] CTOF: : tdc| 4| 502 5]
H | 9] ECAL: :adc| 68| 201] 7]
o The S|ng|e bankS | 10] ECAL: : tdc| 68| 202| 5
| 11] MC::Particle| 3| 20| 7]
can be selected for |zl Rl config| o el
| 13] FTCAL::clusters| 1] 912| 12|
H . 14 FTHODO: : clusters 1 812 10
more Informatlon 1 FT::particles 1 1711 10]]
16 HitBasedTrkg: :HBHits 335 1311 17
| 17] HitBasedTrkg: :HBClusters| 25| 1312| 23|
| 18] HitBasedTrkg: :HBSegments | 23] 1313| 28|
| 19] HitBasedTrkg: :HBCrosses| 10| 1314| 18|
| 20| FTOF: : rawhits| 35| 1211] 13|
| 21] FTOF::hits| 35| 1212 23|
| 22] FTOF: :clusters| 18] 1213| 16|
| 23] FTOF: :matchedclusters| 22| 1214| 18|
| 24] ECAL: :clusters| 3| 1613| 18|
| 25] RECHB: :Particle| 1] 22| 12|
| 26] RECHB: :Detector| 2| 23| 15|
| 27] TimeBasedTrkg: : TBHits| 155] 1321 17|
| 28] TimeBasedTrkg: :TBClusters| 27| 1322 23|
| 29] TimeBasedTrkg: : TBSegments | 26| 1323| 28|
30 TimeBasedTrkg: : TBCrosses 12 1324 18
| 31 REC::Particle 1 24 12 |
32 REC: :Detector 2 25 15
e e T T L e e +

Choose (n=next,p=previous, g=guit), Type Bank Wame or id : REC::Particle
SHOWING BANK
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HIPO database provided by CLARA

Reconstructed
particles in CLAS12:

Reconstructed
particles in the
forward tagger:

- FT particles are not
included in the REC
database so far

Choose (n=next,p=previous, g=quit), Type Bank Name or id :
SHOWING BANK

———————————————————————— e
=>>> GROUP (group=
———————————————————————— e it

pid

px

Py

pz

VX

vy

vz
charge
mass
beta
chizpid
status

INT)
FLOAT) :
FLOAT) :
FLOAT) :
FLOAT) :
FLOAT) :
FLOAT) :

BYTE) :
FLOAT) :
FLOAT) :
FLOAT) :

BYTE) :

(name=REC: :Particle):

———————————————————————— e

Choose (n=next,p=previous, g=quit),

SHOWING BANK

Type Bank Name or id

———————————————————————— R e
=>>> GROUP (group=
———————————————————————— e L LT

id
charge
energy

cX

cy

cz
time
callD
hodoID
trkID

SHORT) :
BYTE) :
FLOAT) :
FLOAT)
FLOAT) :
FLOAT) :
FLOAT)
SHORT) :
SHORT) :
SHORT) :

(name=FT:

]

-1
3.015
B.035
B.035
B.999
125.256
B

:particles):

———————————————————————— R e T T TR

Choose (n=next,p=previous, g=quit), Type Bank Name or id : J]

REC::Particle

: FT::particles
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Event monitor for
the visualization
of the hipo database

sector 1 and 4;

pion is passing
(green line)
proton is going
to CD (blue line)

HueA0Ge /R —L "

sector 2 and 5:

electron is passing
(red line)

TR v §

TWhee W HEdagmem BT
uuuuuu
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Step 4: Extraction of the content of the hipo database
and conversion to the HASPECT format (root)

 Plan for the future: Get a direct root output from CLARA
-> The present conversion is only an intermediate solution

a) Conversion from hipo to the lund format (txt)

| have written a groovy script which reads all generated and reconstructed
particles from CLAS12 and the Forward Tagger and writes it as lists
in a modified lund format to a text file.

b) Conversion from lund (txt) to root (HASPECT format)

Derek provides a macro to convert the produced list of particles
to the HAPECT format (root)

=» Conversion is working now @
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Step 5: Analysis of the reconstructed data

Aim for the current reaction:

« Reconstruct 1° from two detected gammas

« Compare the reconstructed electron with the generated to check
if the reconstruction in the FT is working correctly

* Do first physics analyses

—In the used (not recent) version fo CLARA protons are
not reconstructed in the CD

—> It is not clear if triggering on the CD will be possible at all in the experiment
—> This is mandatory to study this reaction

- Reconstruction of 11° can be used for calibration of the FT
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Analysis: Topologies and distribution of gammas

Elaagjilsalzm data 20000 }
é...ﬁieppig _. . 18000; 39,57 %
EI--aeppltl_hlstos —
- [initialize -
é--aautput 16000: 30’07 %
----- [(Arew -
é--@ resw_S0000 14000 -
HSCoce. root B
E;_?g ep_eppil_S0000.root 12000 ?
----- [ MoCut;1 10000 —
st s 16,57 %
----- I:lTupo:gamma,'l 8000 ?
----- DTopo_electron_gammaﬂ —
----- I:lTDpa_gamma_gammaﬂ 6000 —
----- |:|T|:| o_electron_gamma_ganma; 1 ;
----- I:lTDza_electanj_gammiﬂ 4000 —
----- |:|T|:| o_electron_p_gamma_dgamma; r
e I:u:untrDI_Histc::.l: - ’ 2000: 1,39 % 0.67 %
----- D Control_Histos.C~ 07 L | |’ — T 1
-G Histos.C
[ A e_ g e_ g g g e_ g g
» Events with a proton in the FD are in the order of 0.44 % - Most protons go to the CD!
e N
Distribution of the gammas on the detectors:
a) Both gammas detected in the FT: 55.7 %
b) One gamma detected inthe FT: 30.6 %
c) Both gammas detected in the forward calorimeter (FD): 6.7 %
d) One gamma detected in the forward calorimeter (FD): 14.2 %
\_
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Analysis: Reconstructed reaction kinematics
From now on: Take the topology with e gamma gamma detected

[ee]
[=]

counts
a

l reconstructed
W @

[+2]
[=]

[¢)]
[=]

IS
(=]

W
[=]
[TTTTTTTT

N
[=]

Q2_Topo_electron_gamma_gamma_All

L]
Entries 8283
Mean 0.1034
Std Dev  0.0596

ofy Lid
00:‘ ! IO‘.1 ! ‘0!2 \ Uﬁuﬁnsun ! «sol4m | 10\5\ |
Q2 IGeV2
$ = reconstructed |} I EA;D N o 31%?6%
o epsilon HﬂHMH )
b ﬂ i
o
- B
o +++++++ ¥y f
L4 t
007 - ‘O‘.1‘ - ‘0?2‘ - ‘013‘ - ‘0?4‘ - ‘0?5‘ - lO?G‘ - ‘Orﬁ-‘%’ddﬁ =
epsilon

» Q? and epsilon show the same range

counts

and a similar shape as for the generated
data

isshass_Topo_electron_gamma_gamma_

Entnes
Mean

8283
1.263

Std Dev  0.7461

H missing mass

80
60
40

20

==

’
K| w Mﬂ Mw “‘ﬂ Jﬂ ”ﬁWlthMIMM I BT

2 5

o

o
g;%\‘\\\|III|\\\‘\\\|\I\|II\|\

missing mass /GeV

» Expected is a single missing proton
at 0.938 GeV/c?
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Analysis: Reconstructed particle angles

theta electron

— b 4 Eniries 8284

- _|_ Mean 3.421

B -|- -H'-|-|- | Std Dev  0.5644

s -

N 114

S i

- +

- +

L T AT B SRR AT RS SRR

5 2 25 3 3.5 4 4.5 5 55
theta/°

* Electrons only detected in FT
- Same as generated

counts

theta gammas

- 4+ + Entries 8284
1400 — + Mean 4.348
N ++ StdDev  1.744
1200?
1000 —
800 —
600 —
400 —
C -+
200? —_
0_\ I|I\\\ll\\\ll\\\‘\ll\‘\\l‘\\II‘\\\\‘\\\\IIW\\}II\\‘ “‘JJJ\\"I—‘—‘-“ll\
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
o
theta /

* Most gammas detected in FT
« Some also in FD (tail for > 5°)
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Analysis: angle between electron and gammas (lab frame)

HE - ewes w84 o gverage angle = 6.3°
L + ‘|‘ gntzalgev 26432 iy
ool + ' - ~ 20 cm at FT position
- + angle between « for most events >4 °
600/~ + gamma
- + and
400 — +
- electron L
i 4r + = .
200? +—h-|-++ .
B A B il
angle between gammas and electron /deg
%1800} + ME;tr|238284 6.3°
~ Mean 2424 -
1600 — + StdDev  1.044
1400 —
- +
1200 — angle between
o two gammas T
800 —
g + e average angle = 2.4°
400 . - ~ 8 cm at FT position (5 crystals)
S - « for most events > 1.5°
0—_,_71‘,,‘\‘”,\,‘,H-‘-—‘-—h_,_,_.,__tA‘#J._L.LHMI.‘.‘I.H.M.‘.M.
ot 2 3 45 6T 8 et 12 boration meeting 30.03.2017

angle between both gammas /deg



Analysis: Check for overlapping gamms

Compare missing mass, if both gammas are reconstructed
and if only one gamma is reconstructed

both gammas reconstructed:

Mmiss jsshass. Tope_electan ga
%:: H Sid Dev 04
=)
"t \M
A
E W (Mw '
%M' '| . b“.W'|M{WMW‘WWWWsﬂh’.ﬁwﬂhW.W_.M%»ww.‘. o

only one gamma reconstructed:

éll
=
=
= _

missing mass /GeV

Tapo_elect

Misshass ron_gamma_All
w Entries 19787

Mean 2.793
}” Std Dev  0.9117

[ N T M il b b |

05 1 15 2 25 3 35 4 45 5 55 6 65
missing mass /GeV

misidentified overlapping gammas would lead to a peak at ~ 1 GeV
which is not observable in the left distribution
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Analysis: ? invariant mass reconstruction

* Topology with e- gamma gamma detected

M. M_., cut
140 j Entries 8283 90 i piOMass_cut_Topo_electron_gamma_gamma_All
- Mean 0.123 - Entries 3136
| Std Dev  0.02997 - Mean 0.1341
2o~ reconstructed s | Her, Ak
= 0 \a/} = | x%/ndf 62.42 /62
100 — L) WIthOUt CUt 70— | Constant 67.43+1.76
- = Mean 0.136 £ 0.000
- 60— | Sigma  0.004051+ 0.000090
80— l =
- N 50/ :
of - 1 sigma cut on }
L 40— . .
- W | - missing proton
[ 30_
40— c
- - mass |
B } 20—
20,_ } } -
: ™ i3
( et eiaiR il e L L I LT R I B B BN N A I i | L I R T NN
0 0. 02 004 006 0.08 0.1 012 014 016 018 0.2 00 0.02 004 0 06 0 08 0.1 0.12 0 14 0.16 0.18 0.2

inv. mass /GeV inv. mass /GeV

136 MeV/c? reconstructed (/it.: 134,98 MeV/c?)
Resolution: 4.1 MeV/c?
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Analysis: 0 invariant mass reconstruction

M_., in FT cut

Now:

111111
000000

counts

both gammas have
to be detected by
the Forward Tagger
(most of the pairs
fulfill this condition)

80

40

in addition:

1 sigma cut on
missing proton mass

[\
o

! ﬁtﬁh}lﬂm tewi o IE b
0.15 0.16

o
or T T 71

Y
—
o
Y
N

inv. mass /GeV

137 MeV/c? reconstructed (/it.: 134,98 MeV/c?)
Resolution: 3.9 MeV/c?
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Analysis:
Comparison of generated and reconstructed values

e-in the FT Reso_lutlon of the reconstructed
reconstructed — generated virtual photon energy (v):
momentum - Energy of the scattered electron
minus energy of the initial electron
200 ; electron_P_genrec_Topo_electron_gamma_gamma_All 43 C R
- Entries 8283 3 S00 Entries 8283
180 514 Do oo | Mean 06787
— | %2/ ndf 103.8/67 250 JT Std Dev 1.072
160 — I Constant 1568.9+£2.6
C Mean —-0.01028 £ 0.00049 L
140 — Sigma 0.03451 + 0.00049 w
- 200
1201~ Resolution: 34.5 MeV/c u #
100— for 0.5 GeV < E < 4.5 GeV 150 _Jﬁ
8ol E,.g =2 GeV:res <1.7 % - m
= 100 — || |
- - M«
- 50 — MW
- c Wy
n 0_—‘—‘—‘—‘J—‘—‘—‘—‘—*I|—MMW{ 'w L A LR LAV A B TON TP (RPN IR AT IS DA
0 1 2 3 4 5 6 7 8 9 10
Prec — pgen IGeV (Vrec - Vgen) / vgen %
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Analysis:
Comparison of generated and reconstructed values

Reconstruction of the electron angle in the FT
reconstructed - generated

electron_theta _gen-rec electron_phi_gen-rec
6000 — Enes 8289 500~ 5t e
— Mean -0.02125 - ean -0.2798
I~ Std Dev 0.07404 - Std Dev 1.073
I~ ¥2/ ndf 239.1/38 | %2/ ndf 57.29/24
5000 — Constant 5440 £ 78.9 400 — Constant 424.7 +7.0
- Mean -0.02016 + 0.00066 L Mlearl —0.2831+ 0.0095
~ Sigma 0.05903 + 0.00054 B Sigma 0.6873 +0.0102
4000[ B
- 300—
3000— B
B 200}
2000— B
1000| 1001~ !
L B o o +++
&J_G I I ‘ —Ol 4 I : } 0 2 : . : 0 : 4 ‘ . ‘ 0 6 0 ;ﬂ e M *—'1++++ﬂ+++++\+++ ‘ 1 | | +++ﬂ+++++|+++ A T RO S
theta /° phi /°
_— o H — (e]
res(theta) = 0.06 res(phi) = 0.69
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Analysis:
Determination of the angular dependence of the cross section

* Reaction is defined by a leptonic
and a hadronic plane

Leptonic plane is defined by the
ingoing and outgoing electron

Hadronic plane is defined by the 10
and the outgoing proton

 Determine the phi angle of the 19
in the CM frame of the photo production
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counts

Analysis:
Determination of the angular dependence of the cross section

CMPhi for generated events

CMPhi

70

60

50

40

30

20

10

Entries 300000
Mean 0.001313
Std Dev 1.813

.Lo
b
b
L

3 4

CMPhi /rad

CMPNhi for reconstructed events

120 —

100

80

60

40

20

llll]JJllJlJJlJlIJlllIllJlIl]Jlll]lll

secion gamma_gamma_All

Entries
Mean
Std Dev

8283
0.06466
1.467

|| H"
H ‘ ll }

” _
Hﬂ ' \' ‘H;.H'\

CMPhi /rad

» The cross section should show a constant offset and a cos(2 phi) modulation

» But: For our kinematic region (low Q?) the modulation seems to be
completely suppressed - Only constant offset is visible

» The reconstructed data is dominated by the acceptance, which causes

the fall of the cross section to both sides.

4
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Analysis:

Determination of the angular dependence of the cross section

* A very small modulation can be obtained by increasing the value
of the residuum g2 in the amplitude model

CMPhi

w = Entries 30000
g 1000 . Mean 0.001566
9 - Std Dev 1.813
¥/ndf  1.813e+04/28
[ p0 9549+ 0.2
L p1 16.95+ 0.26
800 —
600 —
400 —
- generated data
200 — work in progress
0 B | ‘ | | | ‘ | | ‘ | | | | | | | | | |
—4 -3 -2 -1 0 1 2 3 4
CMPhi /rad
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Simulation of
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Event generation

« Amplitudes for the reaction provided by Vincent

 Calculate generated events with AmpTools like for the first reaction

QED ==
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Momentum and angular distributions of the proton

counts

proton momentum proton theta
= P_proton_lab "g = THEAT _proton_lab
400 — Entries 30000 | S S00— Entries 30000
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p_proton_lab /GeV THEAT proton_lab /deg

* Protons mainly hit the central detector ( > 35°)
» Only a small fraction will be detected by the forward detector (5° — 35°)

» Triggering on protons in the CT will be mandatory for this reaction
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Momentum and angular distributions of the charged pions
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Dalitz plot for the generated particles

2
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" A
Simulation and reconstruction

» Simulate the detector response with gemc \/
» Reconstruct the events with CLARA \/

» Convert the output to the HASPECT format (root) \/
—> Particle ID has been done maually for charged
particles, since it is not implemented in CLARA
yet

» Use the analysis framework to analyze the data ¢

=» Details are the same as for the first reaction
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Analysis
Topo
3500 — htemp
L + Entries 9276
I em Mean 4412
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a) Proton: Reconstructed momentum and theta

For the following plots, the e p " (1) topology has been selected

proton momentum

?5 tm | ﬁh *WW |
H + + 5 ﬁmiﬂ#iﬁt =y

p_proton /GeV

120

100

80

60

40

20

proton theta

- proton_theta_Topo_e_p_pip_All

- Entries 661
j Mean 33.82

- RMS 9.954
— -+ -+

- +

== T T L e by e e e L

0 10 20 30 40 50 60 70 80 90 100

 Typical proton momentum: 0.5 — 4 GeV

 Protons are only detected in FD ( < 35°)

theta_proton /deg

 Tracking in CD (> 35°) was not available in the used CLARA version
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b) r* reconstructed momentum and theta

" momentum Tt theta

[ pip_theta Topo_e p_pip Al
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* Pion momentum goes up to 8 GeV
* Most Pions are detected in the FD

 Results for 11~ are similar, but acceptance difference due to the magnetic field
causes a slightly different behavior, especially at small momenta.
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Invariant mass of pmr* and p1r-and w1 and Dalitz plots

For the following plots, the e p  m topology has been selected
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» More statistics is needed to identifiy resonances

Stefan Diehl, JLU Giel3en CLAS collaboration meeting 30.03.2017



Outlook

» Complete simulation — reconstruction — analysis chain is working

« Two channels have been passed through the complete chain

Next steps:

* Increase the statistics of p 1+ 1T

» Do physics analyses for p T+ 11

* Define trigger conditions for the mesonEx experiment

» Simulate / analyze additional channels

\

~

-

A documentation of the single steps is available
on the HASPECT wiki under the following link:

https://wiki.ge.infn.it/haspect/index.php/Ppi0

J

J
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