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Electron scattering

Elastic scattering Deep Inelastic Scattering
gives Form Factors : spatial gives access to partons distributionquark
distribution of quarks conter;t of nkgcleons
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Spin crisis : -
spin of nucleon is not simple sum of spin of quarks

Quarks are a more dynamic system inside of the nucleon so more

information about quarks inside of nucleon is needed



Generalized Parton Distributions

Generalized Parton Distributions are a p_ptl q+q
. . = — qum =
generalization of Form Factor and 2

Partons Distributions

A=p—yp
=(p-p)=4°
=(p+q?=W?

t
S
kvk, _1‘5_[2:P2:J[2+?L/—_L

A ,
Pr=-"-(1,0,0.1) n*=-1_(1.0.0—1)
q% S q V2 e
g w g
< A




Properties of GPDs

* Forward limit (£=0)

q(x) .
Aq(x),

* |Integration gives back form factors

+1 +1
/ deH"(x, &, t) = / deE"(x, &, 1)
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/ deH"(x, 1) = / drE(a
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Nucleon Femtography

M. Burkardt PRD 62 (2000) 071503. M. Diehl EPJC 25 (2002) 223  A.V. Belitsky, D. Miller, NPA 711 (2002) 118c  J.P. Ralston; B. Pire PRD 66 (2002) 111501

d?A
ol(x,b,) = f C

s e [H9(x,0,-4) + HO(—x,0,~47)]

o The transverse densities of partons in nucleons and nuclei is related

to the transverse momentum transfer (—A%) dependence of GPDs at
zero-skewness.

-0.5|

o DVCS and TCS cannot map out zero-skewness GPDs over the full
physics phase space.

by (fm) 0.0

0.5

The experimental knowledge of the &-dependence of GPDs
at fixed longitudinal momentum fraction allows to control the
% zero-skewness extrapolation required for nucleon imaging.

0.0

1.0

DDVCS with SoLID 7



o5l JLab Hall A
n-DVCS

04
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* AHLT GPD
| Ml Lattice QCDSF (quenched) !
-0.2[~ [JLattice QCDSF (unquenched)
I CJLHPC Lattice (connected terms)
-0.4-8 AW. Thomas, PRL 101 1(2008) 1
[ GPDsfrom:

Goeke et al., Prog. Part. Nucl. Phys. 47(20!11), 401.
-0.6[~ code VGG (vanderhaeghen, Guichon gnu Guldal)

0.8 HERMES Preli
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Nucleon Spin

1
lim f x [H9(x, &, t) + E9(x, &, )] dx = J

o The total angular momentum of partons inside the nucleon can be
inferred from the Ji sum rule which involves the forward limit of the
first Mellin moment of partons helicity conserving GPDs.

o DVCS and TCS cannot access GPDs at x + & over the full physics
phase space.

The experimental knowledge of the &-dependence of GPDs

at fixed longitudinal momentum fraction is a mandatory step
for unraveling the nucleon spin.

DDVCS with SoLID 8



Nucleon Forces

1
j xZHq(x,f,t) e = Mz(t)+§€2d1(t)

o The skewness dependence of the first Mellin moment of the GPD H

provides an access to the gravitational form factors of the energy
momentum tensor of the nucleon.

o e*-DVCS and TCS offers another path via dispersion relations.

The &-dependence of GPDs reveals the internal dynamics of the nucleon.

V. Burkert, L. Elouadrhiri, F.-X. Girod, Nat. 557 (2018) 396; arXiv:2104.02031

L1l 1 1 - Ll | L1 Ll ‘ L1l ‘ L | | - |
0 02 04 06 08 1 12 14 16 18 2
r (fm)
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Exclusive reaction

 To access GPDs, one need
to study exclusive
reactions

= * Nucleon intact in initial

and final state

* Most simple case Deeply
Virtual Compton
Scattering



DVCS / Double DVCS

Y +p Y (*)+p

|t + |-

Guidal and Vanderhaegen : Double deeply virtual Compton scattering
off the nucleon (arXiv:hep-ph/0208275v1 30 Aug 2002)

Belitsky Radyushkin : Unraveling hadron structure with generalized
parton distributions (arXiv:hep-ph/0504030v3 27 Jun 2005)



—
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DDVCS cross section

E,=6 GeV, 0°=2.5 GeV", x,=0.3, =0 deg.
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DDVCS with SoLID

*VVGG model

*Order of
~0.1 pb = 103cm?

*About 100 to 1000
smaller than DVCS

*Virtual Beth and Heitler

*Interference term
enhanced by BH

*Contributions from
mesons small when far

from meson mass
12



Integrated Cross Section

p=pl+tp2

A=plp2=02al -y (g1+q2)

Q2= _ q2
= Q? - A.q
. 2p.q p.q
2 )
scattered Q*=-(k-k')? Xpj= Q?
electron 2p,q,

Belitsky Radyushkin : Unraveling hadron structure
with generalized parton distributions (arXiv:hep-
Iepton pair ph/0504030v3 27 Jun 2005)

from virtual

¢ photon
Aii%-;b B 3w/4d9 /zwd /Qw 2sin & I —d
Amen (7 /4 i 2sin g, | drp dydtdodQ?dQ,
x \sm{Fl'H F25+§(F1+F2)'H} ;
4 M3 ‘DbVCS with SOLID 13



Integrated Cross Section

S. Zhao, PhD Thesis, Orsay (2020) K. Deja et al. PRD 107 (2023) 094035  A. Alvarado et al. arXiv:2502.02346

o 5-fold observables obtained from the integration over the polar angle of the muon and the azimuthal angle
of the final virtual photon are required, also minimizing the contribution of the BH, process.
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Kinematical coverage

JLab 11 GeV

25 GeV
40 GeV

- * DVCS only probes n=¢§
-— line

 Example with model of
GPD H for up quark

e Jlab : Q%>0

e Kinematical range
increases with beam
energy ( larger dilepton
mass )

DDVCS with SoLID
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Experimental observables
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* Access to the imaginary part of CFFs.
 Sign change when transitioning from £'>0 (Q?>Q'?) to £'<0 (Q%<Q'?).
* TCS(DVCS)-like BSA enhances the amplitude in the ¢'<0(¢'>0) region.

DDVCS with SoLID 16



Experimental observables

A:fj:“ IJ*;am'aLd J'zwdqb zﬁd (do™ +do)/2d)d ¢
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e Access to the real part of CFFs with angular asymmetries
e Curvature sign change is a highly-discriminating feature for models

DDVCS with SoLID 17



Experimental observables

cosd moment can be accessed with the muon charge asymmetry

_AFB(Q )__dﬁzyu(@“—)——dazgy(gﬂ—%—ﬂ)__dﬁzuy(ﬁﬂ—)——dazyy(@#+)__Aﬁi(@ )
YO By (pu-) + EZuv(pu- +71)  EPZpu(ee-) + PZuulpur) VU
A'u'i (ﬂ ) B dEEBHu, + d*’“EI?
UU\¥p BY e, + PXsH, + P®Eppves + PXr,
diornT ad 1 mp 1 Lo 1+ (:052(9) ~
) N, Wl lcos(d 37
TR~ P A A L
-------- -~ 1
:.g;(;)§(2co-)-\/'§(?(i$('(?') eM"™ + cos(3¢) sin(@)ReM +()(a)].
w204
LI_<D
There are contributions from cos(}) |

and cos(3¢$) modulations to the uCA.
cos(d) can be extracted from fits

0._

As BH is known, it can be subtracted .-

DDVCS with SoLID A I P B

I
150

200 250 300 35
9, deg)




Experimental Setup

EM|Calorimetery

[T R— -~ /

Muon]Detector
(forwardlangle)
=1

Target

:I_‘ el Cherenkov Cherenkov

i1m

Based on SoLID J/Psi and TCS setup with forward angle muon detector added
Sharing beam time with added muon channels for J/Psi and TCS
Forward Angle (FA) covers 8.5-16.5deg and Large Angle (LA) covers 18-30deg

DDVCS with SoLID
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Forward Angle Muon Detector (FAMD)

Forward Angle Muon Detector

.tracker'

DDVCS with SoLID

3 layers of iron for pion blocking

3 layers of uRWell

trackers for tracks in FAMD
to connect with tracks in SoLID
inner GEM trackers

— track resolution from SoLID inner
trackers only

3 layers of scintillators for pion
suppression and muon PID. And
last layer for trigger

20



lron of FAMD

* Reuse 6 of 8 CLEO octagon outer layer iron
 Each oneis about 36x254x533cm -
* No problem with space

* Field (<10G),force(<1N),torque(<2Nm) are
small

Iron wall 1

DDVCS with SoLID 21



LRWell trackers of FAMD

HRWell with good
rate capability and lower cost
than GEM

VMM electronics

2D UV strips with

capacitive charge sharing to
have rate 30KHz/cm2 and position
resolution of 1 mm

Top Copper (5 pm) oatl =

DLC layer (<0.1 pm)
p~10+100 MQ/C]

URWELL Detector — G. Bencivenni et a/ 2019 JINST 14 P05014

Top honeycomb
support

Cathode foil

Drift frame

GEM foil

induction frame

MRWELL foil

UV readout PCB

FEBs

URWELL Detector for EPIC outer barrel tracking layer

518887 o

1601.80 mm

| L _1530.00 mm

5977.99 mm

A plane of uRWELL detectors for muon detection

DDVCS with SoLID 22



Scintillators of FAMD

Each plane has 60 azimuthal segments 30cm

Readout with light guide and PMTs from
both inner and outer radial ends

Thickness 5cm and 150 ps time 185cm
resolution

Design similar to CLAS12 forward
scintillator and SoLID large angle 10cm
scintillator with similar performance



Event Acceptance

BH generator "grape-dilepton" used by HERA and verified by CLAS12

Best topology 3fold(e+mu+mu): scattered e- at FA+LA, both

_~ 1
muons at FA, proton not detected (shown below) > -
it G110 :
*  Additional topology 4fold(e+mu+mu+p): scattered e- and l 08
recoil proton at FA+LA, both muons at FA % 0.7
5 06
= 05
1
‘ “ acceptance g:
scattered lepton recoil p forunt soge 0.2
S f 10* S f :
g1 & 10F 10° 0.1
= I - T 1 L | , L .l
& af 10° o o - 107 10 15 20 25 30 °
F E F vertex 6 (deg)
| 10° 10°
4 4 . 5 ; i 1 T :1
n 10 = 0 AL 09 210 0.9
Ty 1 sl e P 08 o | 08
L. elwys-. I“' 1 1 1 1 1 1 8- i 8- accept: e
%020 30 40 50 60 70 80 90 % 10 20 30 40 50 60 70 B8O 80 [ € acceptance  f0.7 [ € &
8., (deg) 8., (deg) [ i forward angle Hoe . large angle 0.6
o os 05
decay lepton decay lepton” 0'4 0'4
S . S f 10° a | ' 4 ‘
g1or 10 g | 0.3 0.3
LR - o 8:_ % 10° 2 l‘ | 0.2 2 0.2
: - 0.1 0.1
s 6:_ i , olecls -‘Tk ; ¥EVY] FraT T PP BTaS k‘ \‘\ .
107 : 10 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
4 b 4 E 6 (deg) 6 (deg)
2:_ - J 10 £ J 10
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Event Distribution

BH generator "grape-dilepton" used by HERA and verified by CLAS12

* 3fold BH events covers large kinematic range
* 0.7 overall detection efficiency
*  Enough counts for 1.2e37/cm2/s lumi and 100 days to have multidimensional binning

§1GE §205 10°*
[0 9; q)18:
10° BH L o w0 et !
> F 51 gt o
(DZOO Z_++ BH 3fold, integral (all/>1.2GeV) 2840872/1276751 6; = 10° ‘c“, 12
="F 5E 102
81 80 BH 4fold, integral (all/>1 2GeV) 211177/99429 4; 102
- - 3E
=160 2 10 10
3 — E
0120:_ + E 02040608 1 121416 18 2
= Xg -t (GeV?)
100 it
Eo+ +
- +
80 — -o-+ +’+
— * + + 10*
60 :_ * . +H+:+ ++ 10*
- . 10°
40 - . . <10°
20 .. .
- ., 102
o) S S i S I I I IR 10?
0O 05 1 15 2 25 3 35 4 45 5 "
10
-
uwu InvM (GeV)

g9 0 !
Q%(GeV?)
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Exclusivity cut

Both BH with 4 final particles (elastic) and more than 4 particles (quasi-
elastic) are generated by "grape-dilepton”

Missing proton mass of 3 fold BH events with resolution from SoLID inner
GEM trackers, for resonance free region (muon pair InvM>1.2GeV)

3-4% background left after cutting MM>1.15GeV

missing mass of proton

50000

BH elastic, integral (0.5-1.15GeV) 1161880

BH quasi-elastic, integral {0.5-1.15GeV) 36054

40000

30000

20000

10000




Pion blocking

* Geant4 simulation of pions from target with some probabilities creating hits

at FAMD

* "pion hit probability", hits of charged particles entering each layer, used

for FAMD detector and trigger rate estimate

e "pion surviving probability", hits of pion and muon at the last layer of
FAMD and a track passing all SoLID inner GEM trackers, used for physics

event rate estimation

pion hit probability

— layer1
— layer2
layer3

0.9
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0.7
06
0.5
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Ll | I — | L1l
18 20 22
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()]
©
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—
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pion surviving probability
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0.002

FAMD, primar: Y pion

FAMD, primary and secondary pion

FAMD, muon from primary pion decay

FAMD, muon from primary and secondary pion decay
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Pion rejection within FAMD

* Muons behave ~_ muon
as Minimum lonizing b
Particle (MIP)

* Pions often deposit
more energy over 3

layers of scintillators. S———
. - — primary pion
* Use moderate pion ~ secondary pion

150

suppression factor
2 from energy cut

100

50—

Coov b o i 1
00 0.01 0.02 0.03 0.04

> ST - TRrN
0.05 0.06 0.07 008 009 0.1
Edep (GeV)

DDVCS with SoLID



* Full simulation confirmed the result

rate (Hz/cm?)

—_
o

QO o N W o0 N o

Single pion background

Combining single pion generator "evgen_bggen" (pythia+MAID)

events with "pion hit probability", study charged particle rate at 3 layers

Adding a safety factor 2 to obtain single particle trigger 600khz rate at
the last layer of scintillator. Coincidence of two hits from 2 different
sectors (out of total 60 sectors) within 50ns time windows leads to

18khz final trigger rate

single pion background
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Two pion exclusive background

Main physics background from two pion exclusive channel (missing mass cut won't
reject it because of pion and muon have similar mass)

Combine event generator "twopeg" (fit to CLAS data) and "pion hit probability"
with pion suppression factor 2, study "2pi" rate and compare to BH rate

5-7% background

BH and 2pi comparison

%} : — BH. integral (all’>12GeV) 2840872/1278751
5 | -
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O F
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Cand -,
310 E gt +
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U ~ . ey 'i'+
=4 + 4
3 . 1+ + * + 2Fi both decay, integral (ali>1.2GeV) 137815/4 1607
10° 5 Pl
= + Breat 4 T
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Experimental projections

10°

0.4 o 102

10

0.2

10

0.4

x

0.3

0.2

0.1

(b) (—t,xzp) space.

e 100 days would allow for exploratory
measurements on a five-dimensional grid.

DDVCS with SoLID
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BSA experimental proiections

~
] -

0.2F C
- 0.1
0.15F i
0.1F =
0.05}—
0.05 B
0 D:_
—0.05§ B
‘9'1; 0.05[——vas
-0.15F -e-- GK19 + BDMMS21 e
E —— K18
02k 1 | | ] ! | 1 | 01 ——soup l ! | | 1
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
¢, (deg) o, (deg)
(a) TCS-like BSA in the TCS-like region (Bin 21). (b) TCS-like BSA in the full DVCS-like region.

Figure 25: Sample TCS-like BSA projections.

* First-time measurements of the BSA sign change
* Possibility to constrain GPD models

DDVCS with SoLID 32



LCA experimental projections

Aa,
b
C Entries 10000
B Mean 0.003906
300— SidDev 001513
250
200~
150~
100~
50—
N IR EFRPRPIF PUPRPI SR AP RN R I u:' P B R R .
0 50 100 150 200 250 300 50 503 ] T 504 508
tpﬁgd%g)
(a) pCA and the components entering the cos ¢, mo- (b) Distribution of the cosg, moment of the pCA
ment. after 10k iterations.

Figure 28: Extraction of cos ¢, moment of the 4CA on bin 13.

Sample cos(®) extraction with a 11% error.
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LCA experimental projections
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* Observation of the CFF real part curvature change
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Beam time request

Beam Beam Beam Target Target Beam time

Energy Current Requirements Material | Thickness (days)

(GeV) (uA) (cm)

11 3 polarized (>85%) LH2 15
Run Group Calibration time 10
Run Group Production time 0
Requested Production time o0
Total Time 110

DDVCS with SoLID
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Summary

* We are proposing to complement the J/Psi
SoLID setup with a muon detector

* This will allow us to measure DDVCS in the
dimuons channel

 We will use the J/Psi beamtime and will
request additional 50 days to measure the
DDVCS asymmetries



Backup



DLC layer (<0.1 pm)
p~10+100 MQ/C],

URWELL Detector — G. Bencivenni et a/ 2019 JINST 14 P05014

b‘%_@l@?ﬂ,.,.,.,_,
< %mm‘ _1601.80mm _
S
(52}
",U‘
3
".‘I‘a 7-7
i LJM

5977.99 mm

A plane of uRWELL detectors for muon detection

Muon Detector

Utilize uRWELL detectors for muon tracking layers
Current uRWELL detector rate capability — ~200 KHz/cm? (High-rate version in
development — 10 MHz/cm?)

Discharge resistant thanks to integrated DLC layers — a huge improvement on
electronics stability — less interruption on DAQ during running

No spacers needed compared with GEM detectors — no dead area
A similar technology adopted by EIC

Our muon detector unit would be roughly in the same size as EIC prototypes
Total cost (3 complete layers covering a total of 75 m?) around 900K

Top honeycomb | s
support |

Cathode foi

e T ////II/IW””"""'%‘{{W ZZ

GEM foil //g/ﬂyﬂlf“r ==
induction frame 7
NRWELL fol
UV readou

FEBs

URWELL Detector for EPIC outer barrel tracking layer
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Muon Detector

Use capacitive charge sharing technique to reduce total
readout channels while maintain the same space resolution

Works for all readout patterns — strip, pad, zigzag, ...

With Capacitive charge sharing:

Space resolution : 1 mm

Total readout channel can be reduced to around 22K for all 3
layers combined

Detector rate will be determined by the final readout strip
width, larger strip width leads to lower detector rate
capability

For 22K readout channels, 1 mm space resolution, with
capacitive charge sharing technique — rate capability:
~30 KHz/cm? (assume 300 ns signal integral time)

Initial electron clouds size
from triple-GEM will hit on
average 2 10 3 pads of 0.4 mm DLC layer to drain charges to the ground

50 pum Kapton foil ize = 0.4 mm

anode layer witl

50 pm Kapton foil

50 pm Kapton foil

50 pm Kapton foil

Readout layer with pad size = 6.4 mm

pad,_, on layer,,, pad, on layer,,, pad,., on layer;,,

pad;, an layer;

pad, on layer;

Concept for capacitive charge sharing — K. Gnanvo et al, Nuclear Inst.
and Methods in Physics Research, A 1047 (2023) 167782
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Higher luminosity J/Psi setup tracking
study
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Higher luminosity ?

Current could go up to 80 uA
Target length up to 1 meter ( ~1.8 10739 cm2s)

Tracker occupancy and photon background
— Reduce amount of Copper in GEM
— Micromegas option
— Build smaller chambers and add more channels
— Study complement with 2D pad readout
— Superconducting tracker option
— Radiation hardened silicon and MAPS

Calorimetry
— Study liquid scintillator and cryogenics calorimeter option
— Superconducting detector to replace PMT ( 1 ns width pulse to increase rate capability )

Cerenkov
— Superconducting detector to replace PMT ( 1 ns width pulse to increase rate capability )
— HBD type Cerenkov for Large Angle calorimeter

6. 10738 cm2s?
Technically doable mostly matter of cost
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11 GeV vs 22 GeV
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11 GeV vs 22 GeV
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Quick numbers for J/Psi settings

50 days at 10137

Beam energy e-mu-mu+ pmu-mu+

Cross section about 3 times lower : could run at 10 uA or with 45 cm
target

Acceptance better when detecting proton but dominated by low
Q2/Q’2
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Charged Lepton Flavor Violation (et — ut)

e/e

Fig. 3. The SoLID J/¥ configuration with muon detec-
tors [28]. Other sub-detectors are labeled.

U Low center of mass energy but high luminosity: O High luminosity will allow for substantial
improvement over HERA limits on CLFV.
Vs ~ 4.5 GeV
9 O For £ ~ 1038 cm™2571 one can expect two to three
L~ 103 - 10% ecm=2 57! cn - s Xpect tw

orders of magnitude improvement over HERA.
U] Detectors should be equipped with muon detectors
and a good tracker. Proposed SoLID spectrometer meets
these requirements

Yulia Furletova

and Sonny Mantry
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Charged Lepton Flavor Violation via Leptoquarks

J Convenient to study CLFV in Leptoquark framework which mediates CLFV at tree-level:

et ut
& Ala q o g A% 2 . i . _
NG e . g g;;;,zzﬂ U] [ [ ay {aute. 201 ) + a3, ~w)gto) }
10y - - - - A2p ; wp 2% | Mig | 4 s
| 2
o =Y o |2 [ [ dy {aga (.21 ) + gs(2.~0)g0)
O\ pleey = — : 2y YSxqa (2, xs)f(1 g, —u)g(1 }
Ga 9 qp u* o || Mg, | : ne Y

Ap

] 14 LQ states. Positron beam can help disentangle F=0 and |F|=2 LQ states. Polarized beams can help
distinguish between left-handed and right-handed LQs.

: ; . Branching y : Branching
Type | J | F Q ep dominant process | Coupling . Type | J | F Q ep dominant process | Coupling &
ratio (¢ ratio G¢
u AL 1/2 +d AL 1/2
St lo|2|-1/3|eu — VE |1]0|+2/3| ehd 4
0 /3| evue { vd | =M 1/2 0 B erde =\ 5, Ak 1/2
Sg 02| -1/3|equp — u Ar | 1 Vit |10 | +2/3|efdp — £+ Ar | 1
| S8 |0 2| -4/3| egdn — €d Ar 1 | VR 1[0 | +5/3 |efurn —  fFu e |1
u AL 1/2 td =L 1/2
-1/3 | egur, — 4+2/3 | ehd, — ’
st oo | Y3 | { vwd | =ap 1/2 vi [1]0| 3| ekt { . N 1/2
| —-4/3 | epd, —  £d | —V2), 1 +5/3 | equr —  fru | V2A 1
Vi, [ 12| -4/3 | egdp —»  £d AL 1 SLylo|o|+5/3|efur —» £u AL 1
-1/3 | equ, — u A 1 +2/3 | efd;, — r+d -A 1
Vi (1] 2 / UL & R s, o]0 / it > “ R
—4/3 epdr, — d AR 1 [ | | +5/3 | epurL — fu AR 1
| Vi [ 1] 2| -1/8|egur = £u AL 1 Sk |00 +2/3 | efdp -  tHd AL 1

Crossection proportional to center of mass

energy ~ factor 2 at 22 GeV Yulia Furletova

and Sonny Mantry
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Number of events

SoLIDu vs uCLAS12

11 GeV beam

TR J_|1 l-l_ .l

| ! ! | I
50 100 150 200 250 300 350

100 days comparison
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o (deq)

55



B (deg)

SoLIDu vs nCLAS12

TFR2 frame TFR2 frame
hist BOP hist BDP
- — 180 —

180 Entries 174884 _@’ Entries 903910
Mean x 186.1 p — Mean x 180.2 |

160 lJ.C LAS12 Mean y 9364 | £ 160 SolLl DlJ. Mean y 86.12 |
StdDevx 8966 ) < StdDevx 1103
StdDevy  18.81 140 = StdDevy 14.84

40(
120
100 30
80
60 20(
40 .
100
20
v e b e b e b e b e by | 0 0|||||||||||||||||||||||||||||||||||
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0., (deg) o, (deg)

TRF2

* Angles in the muon center-of-mass frame
e Larger coverage with SoLIDu
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TAC report

1. This proposal will use SoLID with addition of 3-layers of muon detectors, which reuse the iron plates from CLEO
(now at JLab) with new tracking detectors and scintillators. Part of the running (10 days calibration, 50 days
productign) is parasitic to the approved SoLID-J/psi (E12-12-006) experiment and additional 50 days beam time is
requested.

2. The proposed measurement, aiming for a first dedicated precision DDVCS measurement, will also enhance the
approved SoLID-J/psi and TCS measurements.

3. The J/psi configuration of the SoLID setup has gone through several JLab/DOE reviews and prototype tested with pre-
R&D activities. The muon detector is a new design with its performance simulated. A rough estimation of cost was
provided.

4. When estimating the additional trigger rate from “di-muon” events (18KHz) it was assumed that the two single rates in
3rd layer are uncorrelated and that a 50 ns time window was used to obtain the accidental coincidence rate.
However, there could be single surviving pion/muon events with a correlated additional hit (secondary particle from
single pion/muon hitting materials before 3rd layer and then the secondary particle producing a hit in 3rd layer in
coincidence with the single pion/muon event). These type of “di-muon” events will not be reduced by the 50 ns
window. Is there an

estimate of the rate of these correlated two-hit events that would be included in the “di-muon” trigger rate?

5. To not be overwhelmed by low energy electrons, the J/psi trigger has ECal threshold cuts. The acceptance plots
(figures 14-16) seem to not have the low momentum limits corresponding to the ECal threshold cuts. Are the
physics projections corresponding to the acceptance of these plots or the acceptance with ECal trigger cuts?

6. The control of systematics of the detector efficiency and acceptance needs more careful study. Simulations alone will
not be enough. Calibrations with measurements of specific physics channels may work well for the electron detection,
but not clear how well they will work for the muon detector. No clear justifications were given for the “worst case
scenario” or the “more reasonable case” (page 37).



Systematics

Correction/ Systematic
accuracy

Electron efficiency 30% 5%
Acceptance 3% 3%
Polarimetry 1% 1%
Beam charge 3% 3%

Single pion contamination 5% 5
Di-pion contamination 5% 5
Background subtraction 4% 2%

~ 10% systematic on cross section — 5% on assymetries depending on pion asymmetry
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