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The Pion has Particular Importance WRegina

m The pion is responsible for the long—range partof N ' N

Garth Huber, huberg@Quregina.ca

the nuclear force, acting as the basis for meson ni
exchange forces, and playing a critical role as an nl
elementary field in nuclear structure Hamiltonians.

N | N
As the lightest meson, it must be a valence ¢g bound state, but

understanding its structure through QCD has been exceptionally
challenging.

m e.g. Constitutent Quark Models that describe a nucleon with
m,~=940 MeV as a ggq bound state, are able to describe the
p-meson under similar assumptions, yielding a constituent quark
mass of about m

m
m, R N ~—2 ~350 MeV
3 2

The pion mass m_~=140 MeV seems “too light”.

= We exist because nature has supplied two light quarks

and these quarks combine to form the pion, which is
unnaturally light and hence very easily produced.
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The Pion as a Goldstone Boson "Regina

m A remarkable feature of QCD is Dynamical Chiral Symmetry
Breaking (DCSB) because it cannot be derived directly from
the Lagrangian and is related to nontrivial nature of QCD
vacuum.

m Explicit symmetry breaking, which is put in “by hand” through finite
quark masses, is quite different.

m DCSB is now understood to be one of the most important
emergent phenomena in the Standard Model, responS|bIe
for generation of >98% baryonic mass.

= Two important consequences of DCSB:

1.Valence quarks acquire a dynamical or constituent
quark mass through their interactions with the QCD vacuum.

2. The pion is the spin-0 boson that arises when Chiral Symmetry is
broken, similar to how Higgs boson arises from Electroweak
Symmetry Breaking.

Garth Huber, huberg@Quregina.ca
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Relevance to Hadron Mass Generation "Regina

Garth Huber, huberg@Quregina.ca

Hadron Mass Budget

M Chiral Limit Mass
® Higgs Boson Current Mass

DCSB Mass Generation +
Higgs feedback

Ref: Craig Roberts (2021)

* Proton mass large in absence of quark couplings to Higgs boson (chiral
limit). Conversely, K and 1T are massless in chiral limit (i.e. they are
Goldstone bosons).

* The mass budgets of these crucially important particles demand
interpretation.

» Equations of QCD stress that any explanation of the proton's mass is
incomplete, unless it simultaneously explains the light masses of QCD's
Goldstone bosons, the 1 and K.

= Understanding * and K* form factors over broad Q? range is
central to this puzzle.



Measurement of F_ via Electroproduction WRegina

Above 0°>0.3 GeV?, F, is measured indirectly using the “pion cloud”
of the proton via pion electroproduction p(e,e’z*)n

‘p>=‘p>0+‘n7c+>+...

» At small —t, the pion pole process dominates the longitudinal cross

section, g;
= In Born term model, F_? appears as
— th

dt * (f—mi) gow () F(O7,1)

Drawbacks of this technique:
1. Isolating g, experimentally challenging.

2. The I values are in principle dependent
upon the model used, but this
dependence is expected to be reduced
at sufficiently small —t.

Garth Huber, huberg@Quregina.ca
QL
Q
t~

%
F (Q°)
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E=

Virtual-photon polarization:

1+2(E E) +Q2tan —J

~Or=(ppof

Wo=(p+ppf  t=(p-po)?

m L-T separation required to separate ¢; from oc,.

= Need to take data at smallest available —, so 6, has
maximum contribution from the n* pole.



Current and Projected F,_ Data % “Reaha

06 l l |
« JLab E12-19-006 will allow o Ackermann p(e.e’m)n
o _| & Brauel et al. (Reanalyzed) B
measurement of F,_to Q?=6 0.5 @ sLab Fr-t -

S with small uncertainties, O JLab Fr-2 T
& and to Q2=8.5 with larger 0.4 -_.._~_§§ § -
.% errors (both experimental . ¢ el TR
o and theoretical). :j 0.3 - R, B
S <4 S~
S $ JLab E12-19—-006 (Projected Errors)
o « New low Q? point (data 0.2 1 ; @ JLab E12-09-011 (Projected Errors) B
2 acquired in 2019) will
- provide comparison of the 0.1 e e T
w  €lectroproduction Roberts et al Dyson-Selhwinger
p extraction of F_ vs. elastic 0.01- e T T
= + . . . .
- r+e data. Q* (GoV?)
N =
5
L The ~10% measurement of F_at Q?=8.5 GeV/?

is at higher —t . =0.45 GeV?

The pion form factor is the clearest test case for studies of
QCD'’s transition from non—perturbative to perturbative regions.



F_ and F; Studies to Higher Q2 at EIC WRegina

= Physics Motivation:

m 7 and K" structure studies are important for understanding
QCD’s transition from “weak” and “strong” domains, and
understanding DCSB'’s role in generating hadron properties

m Definite answers to these questions require high Q? data well
beyond JLab’s reach, the EIC may provide these data

= Experimental Issues:

s [he DEMP cross section is small, can the exclusive
p(e,e’n")n and p(e,e’K*)\ channels be cleanly identified?
m Count rates, Detector Acceptances?

m |s the detector resolution sufficient to reliably reconstruct
(Q4W1)?

= How to measure the longitudinal cross section do,/dt needed
for form factor extraction?

Garth Huber, huberg@Quregina.ca



DEMP =*/K* Event Generator WRegina

= Regge-based p(e,e 'm")n model of T.K. Choi, K.J. Kong, B.G. Yu (CKY)
[J.Kor.Phys.Soc. 67(2015)1089]

= Created a MC event generator by parameterizing CKY o, o; for 5<Q?
(GeV?)<35 2.0<W (GeV)<10  0<-t (GeV?)<1.2

m Extended to p(e,e ' K*)\[Z"] by parameterizing Regge-based model of M.
Guidal, J.M. Laget, M. Vanderhaeghen (VGL) [PRC 61 (2000) 025204]

s DEMPgen paper: Comp.Phys.Commun. 308(2025)109444, arXiv:2403.06000

Slg L vs. -t CKY model Slg L vs. -t CKY model Slg L vs. -t CKY model
E Qsq:5 w: 75 0’ Qsq: 15 w: 7.5 v’ Qsq: 25 w: 7.5
|| Blue line. Landau fucntio i .| Blue line. Landau fucntio g | Blue | e. Landau fucntio
1023+ Red lin Ep ential fuc t 10 2| Red lin Ep ential fuc t 10211 Red lin Ep ential fuc l
g 5 Green points. CKY model 7 Green points. CKY model g :

Green points. CKY modal

Garth Huber, huberg@Quregina.ca
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p(e,e’w'n) Particle Kinematics "Regina

Assure exclusivity of p(e,e’r"n) reaction by
detecting all 3 particles

10(e”) x 130(p) GeV Collisions

Scattered electrons: ) Neutrons:
Pions: :
9.8—10.7 GeV'c, 80—125 GeV/e
10-35° from 3—-60 GeV/c, .
. 3-28° from p beam <0.6° of outgoing
outgoing ¢ beam proton bdam

S
o
\

o
T T T T [ 1T T7T

p (GeV/c)

Rate/bin (Hz)

T

—o
no
b e B

Garth Huber, huberg@Quregina.ca

L s ‘ ‘ C . . .
130 140 150 160 170 180 0 10 20 30 40 50 60
0 (deg) 6 (deg)

Offset due to
0 (deg) 25 mrad beam

crossing angle

10 e—mn—n triple coincidences, weighted by cross section, truth info
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p(e,e’w'n) Particle Kinematics "Regina

m e and z* hit the central detector
m The high energy neutron escapes down the ion ring exit

hadronic calorimeters
Solenoidal Magnet

e/m calorimeters
(ECal)

Time.of Flight,
DIRC,

RICH detectors

MPGD trackers

Garth Huber, huberg@Quregina.ca

MAPS tracker

11



Selecting Exclusive p(e,e’nr'n) Events WRegina
m Need to cleanly identify e’ z* n triple coincidence events in

Garth Huber, huberg@Quregina.ca

12

midst of large inclusive e’ z* coincidence background
To begin, require that simultaneously we have:

m 1 negatively charged track in —z direction (¢€’)
m Recently replaced with something "similar" to Inclusive ElectronFinder

m 1 positively charged track in +z direction (z*)

= 1 high energy reconstructed neutral cluster in ZDC
m E >40 GeV
m 0", <4 mrad

The ZDC has excellent position (0,¢) resolution, but much
poorer energy resolution

If the detected neutron is from an exclusive event, the ZDC should be
near the location predicted from n p,,iss = Pe + Dp — Per — Dt

m i.e. the location calculated via

m This condition only true if there are NO other emitted particles, i.e.
the event is from an EXCLUSIVE p(e,e’z*n) reaction
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p(e.,e’nt™n) Neutron reconstruction in ZDC "Regina

Number of reconstructed clusters in HCal

Energy corresponds to 1 cluster events in HCal

h4 hcal h5_hcal
N Entries 1741 B Entries 1108
L Mean 1.434 N Mean 24.02
1000_— Std Dev  0.6737 50:_ StdDev  4.695
N 800 :_ Require neutron g (wrt proton beam) < 3.5 mRad 40 E_
0 r -
g 600:— a0
.:':, 400:— 20f—
R o
@ 200_— -
E, - | | 1 | | : 0_ '
= Position x vs. y of clusters in HCal S
dh, .. 400: Entries 082504
2 = 5x41 etp collisions 3001 . i Moy Lo
= : : : - o e L Std Devx 106.3
T = High proportion of neutron hits 200F L2 LA L - [Sbevy i1
£ have multi—clusters o chl 6
S = (x,y) acceptance of ZDC fully r LEY 5
filled - o i 4
= For 5x41, the BO is particularly ~ ™F .. ;
needed to extend the ZDC 200E -
coverage to higher -t 300 T
C T I T B N I I B

13
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Example ZDC p(e,e’n*n) Exclusivity Cut

= Make use of high angular
resolution of ZDC to

reduce non-exclusive

background events

m Compare hit (8,¢) positions of
energetic neutron on ZDC to
calculated position from p,;..

If no other particles are
produced (i.e. exclusive
reaction) these quantities
should be highly correlated

m Energetic neutrons from
Inclusive background
processes will be less
correlated, since additional
lower energy particles are
produced

Garth Huber, huberg@Quregina.ca
O

14

A¢ (Deg)

-1'::-9_1

University

100

107"

= -+ i = i E
02 04 06 08 1
A8 (Deg)

-08 -06 -04 02 O

Differences between hit and
calculated neutron positions on ZDC

for p(e,e ' n) events

Cuts applied: -0.09°<A6<0.14°
—55°<A@<55° 1in addition to triple
coincidence cuts

TRegina

Rate/bin (Hz)



Reconstructing Mandelstam ¢

Garth Huber, huberg@Quregina.ca
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treconst(x ) \E ttruth(y)

ttruth

{ reconstr

University
TRegina

m Extraction of pion form factor from p(e,e '7"n) data requires t to be
reconstructed accurately, as we need to verify dominance of the
t—channel process from the dependence of do/dt upon t

tth

1 0 >
-ty (GeV)

Unusable ¢ reconstruction

O-t reconstr

=3.4 GeV?

t=(p,—p,)°

0
1, (GeV?)

tt - tyun Dist, 15 < Q2 < 20, ZDC Info Only

L
04 oz 03 04 05
i (GeVs)

il
5 04 03 -0.2 01 0

0.08

0 005 01 015 02 025 03 035 04 045 05 0

Correct p,,,.. W/ ZDC(0,¢p)
- | .
o I
o
(@) L
~ —
© | =
S
E-I | | | | | | | | |
S0 01 02 03 04 -ty
ﬁ0.35—* —
ES
5 0%
%0.25;
;___:'6 0.2;
0.15
0.1
0.05
—%00 150 100 50 O ‘.MLW 200
(t-t, I, (%)
Best t reconstruction
_ 2
O, roconstr —0-073 GeV



p(e,e’nr n) Detection Efficiency per (Q2¢) bin

Garth Huber, huberg@Quregina.ca

16

«— 16
= 14

1.2
1
0.8
0.6
0.4

0.2

OO

10

15

20

25

30

Require EXACTLY two tracks:

* One positively charged track in +z direction (n")
* One negatively charged track in —z direction (¢”)

| ‘ | |
35 40
Q? (GeV?)

1

0.9

Efficiency

Universily
TRegina

Detection
efficiency best
in crucial low
—t region

AND at least one hit in Zero Degree Calorimeter (ZDC)
* For 10x130 events, require the hit has Energy Deposit > 40 GeV



p(e,e’nt™n) BO event selection

m Reconstruct neutrons from either ZDC or BO EMCAL

Universily
TRegina

= BO neutrons correspond to high —t, while ZDC neutrons

give access to low -t

Son41l

BO n all clusters

nb0_clus
Enties  1.1028e407
Mean
1ﬂ§ = Std Dev

Garth Huber, huberg@Quregina.ca

| 2 2 cluster events ]

Threshold cluster energy > 100 MeV
17

Considered and combined first six cluster events by weighted mean of energies.
[Used BOECalClusters Branch)|

10on100

B0 n all clusters

nb0_clus
C Entries 6555426
(I Mean 1.542
0 Std Dev  0.7421

[22 cluster events ]

Threshold cluster energy > 250 MeV
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p(e.,e’r n) BO neutron hit positions “Regina

m BO X vs Y positions for combined 1-6 clusters

Hon41l 10on100

Garth Huber, huberg@Quregina.ca

n BO X" vs Y* around proton axis at Z = 6.8 m for clusters 1 - 6 n BO X" vs Y* around proton axis at Z = 6.8 m for clusters 1 -6
(3 200 - nbOw_rot_PosXY_clus § £ 200 - [nbow_rot_PosXY_cius Il . U{Iﬁ
E F Entries 6152405 > E E Entries 4831075 -
> 150~ Meanx  -9263 [l 105 > 150 Meanx 5668 5
- s Meany 1,006 - - Meany 1375 B
105E- o SidDevx  43.22 u 100E= 3 s:|StdDevx 3554 w
- . "':l:-_ & | StdDevy 5643 = = |StdDevy 4142
R 7 +—= f
2 - -, :
- m X ;
o oF i
8 C -~
50— 50—
C C 10°¢
-100— -100— u
-150— -150F—
- : | I 1 I Ll I L il | | - ' 0 T | I Ll

= L il | L1 1 I i il I Ll i I L i | | | | il 1 I | . 1 . | T | Ll | i Ll L
2%00 -150  -100 -50 0 50 100 150 200 20&00 -150 100 -50 0 50 100 150 200
X (mm) % (mm)

18
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p(e,e’t n) BO neutron 6* vs ¢* "Regina

Considered events with 6 < " (mRad) < 12.
Son41 100n100

25
#* (mRad)

8 n BO 6* vs ¢ for clusters 1 - 6 n BO 6* vs ¢* for clusters 1 -6

| | =53 by SEE %
m i b _rat_Thetaphi_clus N ) - nb0w_ret_Thetaphi_clus 10 N
- =) R e o 6157405 "T% z M, - - Lol SR ; =" Eniries 4831075 =
= £ s SR | Mean x 9.851 B = O O SRR - e L [Meanx 7638 5
o] e & . Mean y 0,604 v - - . S0 R e & | Meany 1.156 2
Q . S el SidDevx 3759 L4 B L N 4 LT StdDevx 2614 «
pud BT e, | S0 Dcvy 1099 R TR e " Tz [ SidDevy 1082

d ] 4. - . -l ™ 10_“ -.-. ' .;, g ’ e -‘.L .- LT 19 i " -

9 W am - b i o

& -
2

= 5
- } 10
10°

-y

o
2

-

£

o

m O is rotated by 25 mrad about the proton axis
m The 6<0*<12 mrad cut is to give a more uniform azimuthal acceptance
m All events with 1-6 clusters in BO are combined

19
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p(e,e’nt™n) BO exclusivity cut J"Regina

= We analyze the events with neutron in BO analogous to the neutron in
ZDC events

m Compare hit (6,¢) positions of energetic neutron on B0 to calculated position
from Prmiss

m The AB* Ag* cut limits are larger than for ZDC, but still provide a powerful
suppression of non-exclusive backgrounds

Ae* — (a*pMiss,rec' e*BU)g A(b* = (¢*pMissﬁrec' qb*BD)

S
3]
u
)]
=
[ 1|
o
o
-
-
®
S 5on41 100n100
o
2
g e*w _H.mvsww —¢’mw!5<02<35,6<9‘<12cuts
? ] o 3 1b0_ThetaPhioiT Jll 1o &0 5 g
- S e[ ghe| Entfes 1435162 € =} » o [Enies 2540860 =
w .8 - Meanx  0.04786 5 , 8 =| Meanx -0.01703 3
o T & Pt (R Meany  0.0785 E ° "o a, |Meany  -0.8932 2
= ¢ 40 el L g™ S Dev x  0.2099 o« g StdDevx 0.1948 [l 1o
: §L " 2 5‘ o w Std Devy 222
> 20 10° s :
= i
= o~
(11 E 10°
O
: 107
—4{]_—
60 10°
-1
* *
[-0.24 < A§" < 0.27,-30 < Ag" < 30 ] [-0.26 < AG* < 0.17,-30 < Ag* < 30 ]

20



p(e,e’r™n) BO triple coincidences

Garth Huber, huberg@Quregina.ca

oon41l

Aty d€tectedithrown ratio

= StdDevx  7.26
l."l W sidDevy 01857

100n100

2
Otruth vs 'tajuruth

50 — 60 % at low -t and Q?

Universily
TRegina

detected/thrown ratio
:

Entries 4726001
Mean x 2230
Mean y 0.5587
StdDevx 86T
StdDevy 0.2939

100% ?

m Triple coincidence detection efficiency per (Q3,t) bin w/ all cuts
m We believe the 100% efficiency region corresponds to photons or

neutrons generated from interactions with the beam pipe. We have not
had the opportunity yet to confirm this with further analysis.

21
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p(e.e’t n) combining ZDC and B0 “Regina
m The BO EMCAL allows the L detw 5.0 <Q° <350, de"l’diﬂ;;"’ﬂcutlfoz 0
t-coverage to be greatly 5 E— — s w1 10x100
expanded compared to ZDC R e StaDev 01023
alone e = / B0
= This is particularly important for E - /
5x41, where neutrons scatter * e

over a wider angular range
than at higher CM energy.

m At 5x41, the ZDC t-coverage P N P I .
is too small to permit a | | | o @0
reliable pion form factor _

T T IIIIIW
+
—
:
i
:

107

OIIIHI
L =
"4
—

Garth Huber, huberg@Quregina.ca

. E TR bOw_PosXY_clust N
measurement by itself. £ Gries 100528 Jff 105
> 150 Meanx  -187.4 3
- s Meany 0.541 £
- SR LS StdDevx 4477 =
100E- o e
0 10°
ox41 e neutrons
g in BO
RS - EMCAL
neutrons 100 107
in ZDC :
~150-
- 11 | | L1 1| | | | I | | | | 11 1 | | | I |

no
| ©

- 300 250  -200  -150 100 -50 0
22 X (mm)

(&)
o



Separating o, from o in e-p Collider WRegina

Garth Huber, huberg@Quregina.ca

23

2
T d o :gdGL 4 dUT +\/28(8+1)dGLT COS¢+8dGTT COSQ.¢
dtdp —~ dir  dt dt dt
_ 2
& = A=y )2 where the fractional energy loss y = Q 5
1"‘(1_)/) x(Stot_MN )

m Systematic uncertainties in g, are magnified by 1/Aes.
m Desire Ae>0.2.

m To access £<0.8, one needs y>0.5.
m This can only be accessed with small s, ,,

l.e. low proton collider energies (5—15 GeV),
below the EIC design range

A conventional L-T separation is impractical, need
some other way to identify o, .
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Isolate do,/dtusing a Model "Regina

Garth Huber, huberg@Quregina.ca

24

= |n the hard scattering

regime, QCD scaling
predicts g, «0% and o,«0-¢.

At high @°, W accessible _
at EIC, phenomenological 2
models predict o, >¢,at £ %]

|
small —t. a%

30 —

The most practical choice
might be to use a model

to isolate dominant do, /dt % o1 o2 o3 o
from measured do,, /. b (GeVE)

. .y  T. Vrancx, J. Ryckebusch,
In this case, itis very PRC 89(2014)025203.
important to confirm the * Predictions are for £>0.995 Q> W
va||d|ty of the model kinematics shown earlier.
used.
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F. EIC Early Running Projections “Regina

|
0-65 % Amqlendolia et al. :
® Ackermann p(e,e’m*)n

mo JLab (6 GeV)

04317 =

032§

QB

0.22 4

A Brauel et al. (Reanalyzed)

0.54 ~|¢ JLab (projected 12 GeV errors)

EIC L_,=5 fb™
10x130

S Simula & Vittorio Dispersion
Nesterenko-& Radyushkin QSR
Roberts et al Dyson—Schwinger

Garth Huber, huberg@Quregina.ca
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Q* (GeV?)

|
40

50

m10(e”) x 130(p)

IIL=5 fbo

m Based on full ePIC detector
reconstruction including cuts for
clean identification of exclusive
p(e,e’n"n) events

m y-axis location of projected
data is ARBITRARY, what is
meaningful are the error bars,

which represent real projected
errors, including:

m Syst. Unc: 2.5% pt—pt and
12% scale.

m R=0,/0-=0.013-0.14 at
lowest —t, and OR=R syst.
unc. in model subtraction to
Isolate o,

m T pole dominance at small —t
confirmed in e+d n/xn* ratios



Can we measure F, at the EIC? “Regina

m Can the “kaon cloud” of proton be used in same way as the pion
to extract kaon form factor via p(e,e’K*)A ? ’
€ . /

m Kaon pole further from kinematically allowed '771%
region

K+

m Many of these issues are being

explored in JLab E12-09-011 /\

p A/Z

m Propose to use p(e,e’K*/\/Z) reactions for pole dominance test

R= OL[p(e’e :KZO)] > R~ gzi'Kz
UL[p(eae KA)] 9Kk A

s Decay modes: A—nn’ 36%, A—prn~ 64%

Garth Huber, huberg@Quregina.ca

m Neutral channel most likely best option
m Avoids deflection of pr— away from detectors by ion ring elements

m 20 identified from X°->Ay—An’—n3y decay
26
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p(e,e’K*)N\ Event Reconstruction “Regina

Garth Huber, huberg@Quregina.ca

27

= Significantly more challenging than p(e,e'n")n reconstruction
m Need to efficiently identify A—nn’—nyy decay (~33%)

m Neutral products take straight line paths

m Cleanly distinguishing n from vy clusters is main challenge

m Dominant A—pn channel (~67%) has its own challenges
m Avoids issue of distinguishing n from vy clusters

m Main issue is that p, n~ are deflected in opposite directions by
proton ring magnetic elements, and it will not be possible to
efficiently detect both of them

= Additional reconstruction issue:
= Do not know A decay vertex when reconstructing n’—yy decay

= SiPM will provide enough information about spatial extent of
showers to extract incident angle of y on EMCAL to enable full
4—vector reconstruction of n- Is it sufficiently good?
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Implications for Det-2 Far Forward P “Resina

m Far forward large acceptance will be even more
important for K* form factor than for n* form factor

s A\—nn’—n2y and Z—Ay—n3y
identification likely only
possible if ZDC calorimeter
acceptance is extended with
addition of a BO calorimeter

= Not only essential for F,, but
also would improve forward
acceptance for u—channel
DVCS, and nuclear coherent
diffraction studies

Garth Huber, huberg@Quregina.ca

28

ZDC

m |dentification of forward hyperon will be essential for clean
separation of exclusive K* channel from larger n* channel

: b
o 1 e Ih‘ ﬂ L |
2‘1?150 ~300 -250 7ho ~150 ~100_ 50 o 50 °

P

rated x [mm]

Possible BO Calorimeter
* Greatly extends acceptance!
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Summary J"Regina

m Higher Q° data on " and K* form factors are vital to our
better understanding of hadronic physics

Garth Huber, huberg@Quregina.ca

Pion and kaon properties are intimately connected with dynamical
chiral symmetry breaking (DCSB), which explains the origin of more
than 98% of the mass of visible matter in the universe

m Measurement of F_ at EIC has various challenges

Need efficient identification of p(e,e’z"n) triple coincidences
Need good resolution t reconstruction to avoid excessive bin migration
Conventional L—T separation not possible as can’t access €<0.8

As o >0 expected, most likely possibility is to use model to extract
o, from do\g/dt -~ Used also for Q%=10 GeV? Cornell expt (1978)

Best to use exclusive /o' ratio in e+d collisions to validate model
Studies look very encouraging for data to Q?=30 GeV?

m Measurement of F is probably only possible at IR8

m Our studies are in early stage, but it is already obvious that a

larger far forward calorimeter acceptance is essential

= BO calorimeter would give 2"9 Detector unique capabilities

29
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Comparison: IR6 vs IR8 (5<Q%<7.5)
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W, i (GeV)

W, i (GeV)

hth | \4

OO

12

10

OO

vs W W (GeV)
« tighter correlation for IR6

W

true

—0.01

Q2 (GeV/c?)

Q2 (GeV/c?)
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Comparison: IR6 vs IR8 (15<Q2<20)

Garth Huber, huberg@Quregina.ca
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Comparison: IR6 vs IR8 (All Events) Fg iReaina

e’ ' n Triple Coincidence Rate for 5x100 @ L=1034
Cuts applied: |6 —0 |AQ], |Agl|, y>0.01
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Comparison: IR6 vs IR8 (5<Q%<7.5)

IR6

Rate (H=z)

IR8
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Garth Huber, huberg@Quregina.ca
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Comparison: IR6 vs IR8 (15<Q2<20)

e’ n'n Triple Coincidence Rate for 5x100 @ L=1034
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Comparison: IR6 vs IR8 (30<Q?<35)

e’ n'n Triple Coincidence Rate for 5x100 @ L=1034
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Garth Huber, huberg@Quregina.ca
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University

Measurement of =+ Form Factor — Low Q2 sRegina

At low Q? F_can be measured model-independently via high energy
elastic n scattering from atomic electrons in Hydrogen

= CERN SPS used 300 GeV pions to measure form factor up to
Q2 = 0.25 GeV? [Amendolia, et al., NPB 277(1986)168]

= Data used to extract
pion charge radius

r_=0.657 +0.012 fm

IFI°

075 |

Maximum accessible Q2
roughly proportional to pion
beam energy

0.5

0.25 | Amendolia n+e elastics

Garth Huber, huberg@Quregina.ca

Q°=1 GeV~? requires _
. 0 . I . 1 . 1 . | . | .
1 TeV pion beam 0 005 01 015 02 025 03

Q? [GeV?]
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Measurement of K* Form Factor

= Similar to ©* form factor, elastic
K* scattering from electrons
used to measure charged kaon
form factor at low Q2

[Amendolia, et al., PL B178 (1986) 435]

s Can “kaon cloud” of the proton
be used in the same way as the
pion to extract kaon form factor
via p(e,e’K*)A ?

= Kaon pole further from
kinematically allowed region

do, ~1Q°

7 o (t—m,2<) gian (1) F (O7,1)

Garth Huber, huberg@Quregina.ca

s Many of these issues are being
explored in JLab E12-09-011
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Current and Projected F, Data “Regina

= Kaon pole further from

kinematically allowed region Extraction of F) from Q2>4 GeV? data is
more uncertain, due to higher —,,

= Similar to n* form factor, elastic p(e,e’K*)A  ws2.5Gev
K* scattering from electrons 0.8 | . |
o used to measure charged kaon e o Ty
g form factor at low Q2 0.6 -
k= [Amendolia, et al., PL B178 (1986) 435]
()] v
g = Can “kaon cloud” of the o 04
% proton be used in the same , ¢ JLab E12-09-011 (Analysis in Progress)
> way as the pion to extract 0.2 Davies ot al Lattice |-
.Q = u Gao et al Dyson—Schwinger
E kaon form faCtor Vla i 1 Hutauruk Cloet & Thomas BSE+NJL
- e eJK+ A ? 0.0 | | | Kcha.rgelradius fit
s PEeK)
2 Q* (GeV?)
-
T
L
o
®
(L]

do, - 10" 2 2 /2
F
di (t—m>) 8w () Fic(€7.1) Many of these issues

are being explored in
JLab E12-09-011
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L/T—separation error propagation "Regina

Garth Huber, huberg@Quregina.ca
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Error in do,/dt is magnified by 1/A¢

—> To keep magnification factor <5x, need Ag>0.2, preferably more!

2 do dcr dJ do
dig:g; L4 +\/26 (e+1) cosqb fe 1T COs 2¢
dtdp ~ di dt dt 7
Ao, _ ] [AG]\/(RH,) +(R+¢&,) where R = 21

o (.E, — & ) gy
Aoy 1 AU\] &’ /1+é;2 \]L+;~’ 2(l+i]L

Oy (‘cl_‘qz)\ o N'U R LR,

The relevant quantities for I extraction are R and Ag

dO-L _th 2 2 2
oC t)F 1
df (f—}’fl;) gzNN( ) 7[(Q )
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o, via Beam and Target Polarization “Regina

Garth Huber, huberg@Quregina.ca
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Although the technique has not been tested for
this reaction, it is in principle possible to extract
=0,/0, using polarization degrees of freedom

For parallel kinematics o, 11
(outgoing meson along §) R=—= -1
in proton rest frame Or e\ X

Longitudinal polarization s = ( > I 2)5
of virtual photon L Q o

|
z-component of proton X. = A,
“reduced” polarization in 2P PAl-¢g°
exclusive pseudoscalar ©r
meson production AZ = double-spin asymmetry

Schmieden, Tiator Eur.Phys.J. A 8(2000)15-17.
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Polarization Technique Considerations “Regina

Garth Huber, huberg@Quregina.ca
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A point in favor of this technique is that P, (component
of proton polarization parallel to g) should be readily
optimizable at EIC.

Need to keep in mind that the R=¢,/6, polarization
relation only strictly applies in parallel kinematics.

s The detector geometry enforces very tight constraints, as
recoil neutron angle is very sensitive to 0.

o, c PPN1-84,

Figure of merit for this technique vanishes for €=1.0.
£~0.95 gives V1—¢&° ~0.31
Requires E.,<20 GeV, e.g. 3x25. Luminosity low.

At best, this could be used as a spot-check only in
specific kinematics. Generally not feasible.



Using n~/nt" ratios to confirm o, >0,

Universily
TRegina

m Exclusive *H(e,e’n'n)n and H(e,e’np)p in same kinematics as p(e,e’n*n)
m 7 t—channel diagram is purely isovector (G—parity conservation).

p_oln(ee'r p)] _ 4, -4

oAple.cTn] |4,+A4f

m The n/a* ratio will be diluted if o is not small, or if there are
significant non-pole contributions to o, .

m Compare measured /" ratio to model expectations.

e

R=1.0

Garth Huber, huberg@Quregina.ca
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EIC Far Forward Detectors J"Regina

= Crucial to cleanly separate exclusive p(e,e 'm"n) process from
competing inclusive reactions

m EIC measurement impossible unless recoil neutron (very high
momentum, <1° from outgoing hadron beam) is efficiently detected

= High quality Zero Degree Calorimeter (ZDC) essential

- " i !
L N

Roman Pots i /
e P \

et o |
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Garth Huber, huberg@Quregina.ca
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B0 Calorimeter
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