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Introduction
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The MesonEx (E12-12-005) experiment

Meson Spectroscopy program with quasi-real photons: low Q2 electron
scattering on a hydrogen target.

Goals: Forward CLASIR

Tagger
® Measure the light-quarks mesons spectrum in ¢
the mass range 1.0 - 3.0 GeV/c?
® Determine masses and properties of rare qq ¢
states
® Search for exotic mesons ~035 _
2 . % 03 Q% vs v
Low Q< electron scattering: Sozsl |
® Provides a high-flux of high-energy, linearly 001'2:
polarized, quasi-real photons. o1l
0.05F

® Complementary and competitive to real
photo-production

! N
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E,(GeV)
® Virtual photon kinematics and polarization
determined event-by-event measuring ‘3'8:?, ET VS U
scattered electron variables 0.6 \
Experimental technique: coincidence oaf \\
measurement between CLAS12 (final state 3‘3: \
hadrons) and Forward Tagger facility (low-angle 0.1}
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The Forward Tagger Facility

3 components:

o Lead-tungstate calorimeter (FT-Cal):
measure the energy of scattered electrons
with few % resolution.

o Hodoscope (FT-Hodo): distinguish
photons from electrons.

o Tracker (FT-Trck): determine the
electron scattering plane.

Nominal design parameters:
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Tagged low Q? electron-scattering: kinematics and rates

L(Be, Q)

Kinematic variables:

E"‘ 0.009
e v=FE—F %"2
© A 0.008
o Q% = 4AEF'sin?(0./2) £
99 0.007
o W2=M?2+2Mv - Q? B
24 0006
Virtual photon polarization: ‘?’
0.005
2 2
o e =[1+4 QQQ% tan2(96/2)]_1 0.004
2
o & = %5T g, oo

25 35
Scattered electron energy (GeV)

Rates:
o Cross-section (low Q? limit, e, = 0): Um”j g TdEed2vs Bmas
doe _ . do~
dBcdQedX ™ P(Fe, Qe) - T3 T Bpin = .3 Gels
o Virtual photon flux: =
_ E (2Bo—v)*
N(E00) = 22 B |25 11

sx1073 /

o Total flux over FT-acceptance:
w10 [ Bpin = .5 GeV

£ = [TdEedQe =710~ -‘ e Epnas (GeV)
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MesonEx trigger requirements

MesonEx has a broad physics program, aiming to measure multiple reactions,
characterized by different topologies and kinematics

e Trigger system should be as open as

15t physics out of CLASI2 possible, to allow measurement of all
A e T reactions of interest (as opposite to

* Exploiting linear polarization (asymmetries)

* simplified PId (pions) * Spin Density Matrix Elements (SDME) standard CLAS12 electron trigge! )

* not perfect resolution, imited statistics * longiudinal plots
* narrow states, few particles involved  Testing Dalitz with new ampliudes (Veneziano)

% d6clbits Cbrain Siee: ¥ Dacior s FhshaRe Kot s (et VERRVLIY Critical points to consider for trigger

% Mesons never observed in photoproduction (narrow peaks)
design:

Data Analysis

Day Ist analysis

Yp = nm+ Used to build any theory ~ Angular; xsec Requires a dedicated (prescaled) trigger
Yp = p IO Less interesting but valuable Angular, xsec Easier to detect (2 clusters+ Ichrg track)
Yp = pe+(X)  Inclusive measurement Xsec, longitudinal plot 2 charged tracks, standard trigger

Yp— NTI(m)  Benchmark reaction Angular, SDME, xsec 2 charged tracks, standard trigger e Efficien cy / uniform Ity (for the
Y Nw,n... Calibration reaction Anguiar, SDME, xsec 2 charged tracks, sandard tigg .

Yp = NT 1T (1) Calibration reaction Xsec, longicudinal plot 2 charged tracks, standard trigger signa | )

Yo p® benchmark reaction Angular, SDME, xsec (Ko 1rTT)

Yo~ NM M = any meson not observed yet in photo production, e.g. radial excitations/new states above 2 GeV'
Yo = p Iy Narrow pentaquark peak in (p}/) invariant mass e Total rate (signal+backgrou nd)

Day 2 analysis

Yp—+NKK 21 extension Moments analysis Requires good Pid but could

Yp— NKT  K*spectrum Dalitz plot alcernatively accessed by ® P u rlty
yp— NKTITT  K*T spectrum Dalitz plot considering neutral kaons

[ o] 2 (Extended) Mesontx M Baceagleri - INFN GE
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MesonEx trigger overview

Starting point for MesonEx trigger design: CLAS hadron spectroscopy
program experience (gl1/gl12)

MesonEx primary trigger: coincidence between Forward
e~ detected in FT and N charged particles Tagger
detected in CLAS12-FD (NN: 2 or 3)

CLASI2

Individual reactions may require specific settings:

« v'p - pr°
o Photons from 79 decay mostly go in FT
(low-t) / FT 4+ EC (high-t)
e FT-only / FT + EC neutral trigger required

o Y'p o> pKTK™

o Proton typically goes in CLAS12-CD,
CLAS12-FD trigger mainly selects
KT K~ (p) topology

e ¢ acceptance very low for this topology

e Need to include CLAS12-CD to recover ¢

by measuring all topologies
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MesonEx trigger overview

Starting point for MesonEx trigger design: CLAS hadron spectroscopy
program experience (gl1/gl12)

MesonEx primary trigger: coincidence between Forward
e~ detected in FT and N charged particles Tagger
detected in CLAS12-FD (NN: 2 or 3)

CLASIR

Individual reactions may require specific settings:




Trigger-rate estimates @ 103 cm~2 s=! (CLAS12-FD only, N = 2)

Signal: e” in FT ® > 2 charged particles in
CLAS12-FD

. O’,?OT ~ 100pubarn

B
b
T

(ub)
8
T

;)7r+7'r7 / ‘l)ﬂ'vTriﬁui

oo = 64pubarn, € >~ 0.2
p7+7r77+7r7

o4 = 34pubarn, v: 0.4

-
]
T

. J,?OT € ~ 25 ubarn (2 ch) / 9 pbarn (3 ch)
o Rsignal :ﬁ'z'a—”{Ot'E

Background: random coincidence between FT and
CLAS12-FD (AT = 50 ns)

-
s
T

Efficiency of 2 detected x o

o FT: Elastic scatt. rad. tail, EM-backgrounds T g[seé, LR
(Moller, Bremmstrahlung, ...)
o CLAS12-FD: hadrons production due to ~ 0° 109

scattered electrons. Leguiv:

e 2ch: 5-1033 em—2 s 1, E,« > 1.5 GeV
e 3ch: 3.7-1033 cm—2 s 1, E,« >3 GeV

10% em? sec™

Summary table: (all rates in kHz) N=2

FT [ CLAST2-FD | Coinc. | £,.
Signal 1.6 H
Bck [ 40 (el. tail) + 90 (EM) | 125 [ 16 S
Total 3.3 e e RE

15 2
EFT cluster, GeV
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Trigger-rate estimates @ 103 cm~2 s=! (CLAS12-FD only, N = 2)

Signal: e in FT ® > 2 charged particles in
CLAS12-FD

. U$OT ~ 100pubarn
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o4 = 34pubarn, v: 0.4
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° Rsignal :L"Z'O—’?Ut's

Background: random coincidence between FT and
CLAS12-FD (AT = 50 ns)

-
s
T

Efficiency of 2 detected x o

o FT: Elastic scatt. rad. tail, EM-backgrounds £ g[seé, LR
(Moller, Bremmstrahlung, ...)
e CLAS12-FD: hadrons production due to ~ 0° 10%

scattered electrons. Leguiv:

10% em? sec™

5
=

e 2ch: 5-103 cm=2 571, E\» > 1.5 GeV
e 3ch: 3.7-10%3 cm—2 s~ 1, E,« >3 GeV

Summary table: (all rates in kHz) N=3

Cumulative rates, Hz for L

FT [ CLAS12-FD [ Coinc. ol
Signal 0.6
Bck [ 40 (el. tail) + 90 (EM) | 33 [ 05
Total 10 05 1 X 2 35 3

15 2
EFT cluster, GeV
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Trigger studies
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General strategy

Start by focusing on CLAS12-FD only and design charged-particles identification algorithm
o Evaluate single-particle trigger efficiency:
o Generate and reconstruct events with 1 charged particle (p/7* /7 ~) in CLAS12-FD
o ldentify events with a well-reconstructed particle: Nyec(p, 0, ¢)
o ldentify events also satisfying charged-particle trigger: N/t (p, 0, $)
o Determine trigger efficiency: € = Nﬁgig/Nrec — ideally, in the kinematic regions

where particles are tracked and reconstructed, trigger efficiency should be flat and
close to 100%

o Evaluate foreseen background rate

o Study trigger effects for specific reactions (e.g. vp — prt7n™)
Example: 7+, torus 0.75 inbending, solenoid 0.8. Charged particle algorithm: any FTOF-1B /
FTOF2 hit above 1 MeV. Plots show all momenta

n2_ThetaPhiQPREC h2_ThetaPhiQPTRIGGER2 100
60 60

ol L L L ' ol L L L L
-150 -100 -50 0 50 100 150 -150 -100 -50 © 50 100 150 “150 <200 =50 o S0 100 150 ° 10/19
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0®00000

Background rate evaluation

In order to evaluate the background rate in CLAS12-FD for the 50-ns time
coincidence with FT, a “time-slice” approach was followed.

e When asking for N > 2 charged particles in CLAS12-FD, main contribution is
from multi-hadrons production (Rcpasi2—rp = 125 kHZ)

o There may be a sizeable contribution due to random coincidences due to
pile-up, i.e. hits due to particles coming from different e~ bunches

o Different topologies are possible: 2 hadrons / 1 hadron + 1 EM hit / ...

o Total background rate is evaluated by simulating a 250 ns time window @
103 cm™2 s™1, and counting hits within a 50-ns time window starting at
T =150 ns

o Results are evaluated considering in GEMC full physics list / EM only physics
list
o Full physics list already includes multi-hadron production
o Results are a G4 estimate of Ropas12— Fp: multi-hadron + pile-up

o G4 over-estimates hadron production: results obtainer with full physics
list should be considered as an upper limit only

11/19
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CLAS12-FD charged particles identification algorithm: FTOF only
CLAS12-FD charged particles identification algorithm development started
from FTOF':
e 1 MeV threshold on deposited energy

R rateFTOFTE 1|

o Invidual paddles rate is too high to
implement an CLAS-like trigger system } .
(OR of all counters in a sector) e TR

e« FTOF1A-FTOF1B time coincidence (20 L
ns) and geometrical matching (50 cm) e 0
implemented

o No FTOF2 - loss in trigger acceptance o
Results (torus -0.75, solenoid +0.8):
o Trigger efficiency > 90%

o Rates in AT = 50 ns time window:
High rate source in EM case

PCAL not yet considered - waiting for cluster time reconstruction

. N currently being investigated.
Phys. list 1 2 (any) 2 (diff.) 3 If numbers are confirmed,
EM-only 5 MHz 870 kHz | 720 kHz | 111 kHz these results show FTOF-only
Full 5.6 MHz | 1.2 MHz | 990 kHz | 274 kHz algorithm is not sufficient for

N =2 / critical for N =3

12 /19
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CLAS12-FD charged particles identification algorithm: FTOF only

Example: EM phys. list only, event with 2 charged particles identified as
FTOF1A/FTOF1B time coincidence and geometric match

Sectors 3-6
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CLAS12-FD charged particles identification algorithm: FTOF-DC match

Geometrical matching between R3-crosses and FTOF hits (panel 1B / panel 2).
No time coincidence imposed between R3 crosses and FTOF hits in the 250-ns

event time window

o For each sector, project hit-based R3
crosses to FTOF1B / FTOF2 planes in
that sector

o Select hits from FTOF1B / FTOF2
above threshold
o Verify if, among all hits, there's at least

one in geometrical coincidence with the
projected cross, within AR = 50 cm

FTOF1 hits

(torus -0.75, solenoid +0.8):

o Average trigger efficiency — next slide

e Rates in AT = 50 ns time window:

N
i EM-rate under control
Phys. list i 3 (any) | 2 (diFf) 3 © =
EM-only | 480 kHz | 33 kHz | 11 kHz | 3 kHz » N =2 hadron rate
Full 1.0 MHz | 423 kHz | 244 kHz | 109 kHz comparable with
estimates

14 /19
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CLAS12-FD charged particles identification algorithm: FTOF-DC match

Example: EM phys. list only, event with 2 charged particles identified each as
one hit in FTOF1B/FTOF2 matched with R3 cross projection

Sectors 2-5




FTOF-DC match: trigger efficiency

0.3 — 1.0 GeV|[” | 1.0 — 2.0 Ge\"” 2.0 — 3.0 GeV||"”” |3.0 — 5.0 GeV/|"" | 5.0 — 11 GeV| ™"
p = - 9 o 030 30
- .
g 16/19




Conclusions
(1)

MesonEx trigger study with data

MesonEx trigger effort: study algorithms and develop tools and plans to commission
hadronic trigger - evaluating the effect of implemenation choices (thresholds / coinc.
window / ...) on the measured data

Possible procedure to study trigger uniformity with real data: similar to MC studies, with the
(remarkable) difference related to the trigger bias itself.
For the N = 2 case:

o Select three-track events with given topology (e.g. 777~ p)

o Let pi1, p2, p3, be the trigger efficiency for each track - each depending on that particle
kin. variables

o Number of measured events with all three-particles satisfying trigger condition:
Nau = p1p2p3

o Number of measured events with two (defined) particles (e.g. 2 and 3) satisfying trigger
condition: Ntwo = p2 p3

o Trigger efficiency for particle 1: €1 = Ngj;/Niwo = p1(p, 0, ¢)

This algorithm requires an efficient way to associate the trigger bit to a reconstructed particle.

Also identify possible “easily accessible” reaction channels to evaluate trigger effects on the physics



Conclusions
(1)

MesonEx trigger study with data

MesonEx trigger effort: study algorithms and develop tools and plans to commission
hadronic trigger - evaluating the effect of implemenation choices (thresholds / coinc.
window / ...) on the measured data

Possible procedure to study trigger uniformity with real data: similar to MC studies, with the
(remarkable) difference related to the trigger bias itself.
For the N = 2 case:

o Select three-track events with given topology (e.g. 7r+7r_p)be

o Let pi1, p2, p3, be the trigger efficiency for each tracl&@ch depe ng on that particle
kin. variables

e Number of measured events with allé%‘xalclas %eeg trlgger condition:
Nai = p1p2ps3 9
o Number of measured eV\r@wn two (de@“ ticles (e.g. 2 and 3) satisfying trigger

condition: Niwo

This algorithm reqmre |ent way to associate the trigger bit to a reconstructed particle.

. Trigger%x &artlcle &9 Nait/Niwo = p1(p, 0, ¢)
Also identify p055|b|e %vg\cessmle reaction channels to evaluate trigger effects on the physics

18 /19
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Conclusions

o MesonEx broad physics program requires an open trigger to allow measurement of
different reactions, with different kinematics and topologies

o Primary MesonEx trigger: coincidence between e in FT and N = 2/3 charged
particles in CLAS12-FD
o Trigger rate estimate (N = 2): 1.7 kHz (signal) + 1.6 kHz (bck)
o Full BG evaluation trough MC (including pile-up effects) being performed, first
results compatible with estimate (caveat with G4 hadrons production!)
o Matching with DC information required to suppress EM rate required for N = 2
o Tipical trigger efficiency > 90%

o MesonEx trigger efforts are focused on the implementation, commissioning, and
validation of this algorithm

e On-going discussion with trigger group to identify practical implementations
o Development of algorithm and tools to commission trigger during engineering run
with real data currently in progress

19/19
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Single-particle efficiency: reconstructed particles

To identify events with a “well-reconstructed”
particle and compute Nrec(p, 0, ¢), | check if in
the bank REC:Particle there's one entry
satisfying following conditions:

@ AP/P <20%, AO < 10°, Ag < 20°

@ There's a matching FTOF hit associated with
the particle in REC:Scintillator

For events with 38° < 6 < 40°, | see that
REC:Particle has tipically 2 entries, only one
satisfying condition #1 above. However, FTOF hit

associated with the non-matching one. oy ! ! ! ! ! !
-150 -100 -50 © 50 100 150

# REC::Scintillator x
T T T T T T TS R R |
[ 3 T 0 I 17 i T i [ T esmet [ ireawian )| swrssier | evesswr | eozestes |
P REC::Particle x
T vid I Px | [ | bz I v T W 1 v T___charge |
[ 0 T oseess )| eowsss [ vsemr )| 4sasmr )| ssewor )| ssonoss | T |
[ 0 I 512483 i 020654 )i 670572 I coesered || sseaars | L3552 )i T 0l
# MC::Particle x
[ ) vid 1 »x 1 Py [ vz 1 w 1 vy [l v [ mass 1
Cr i 2012 0 500138 I 026512 1 53318 I 00 )i 00 I 0.0 1 0.0 )|

Effect currently being investigated. Trigger efficiency results not affected, since

this simplify in the ratio € = N/29(p, 0, ) /Nyee(p, 0, d) 21/19
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