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Q ANSFHEEBEFEISIEZSE (Kinematic Variables)
‘/ )\Ejﬂj tﬂgjﬁ% (P30: 930: (peO: Peh 96/! ¢el)
v SReREFIMESs L (E,, 0, 0,E,6,, ¢.)
v NETEEFRIRA RO TS [0

Q? =4E,E'sin*(0/2) v=E,—E'
y:E|_E|':q'P X = Q2
E I-P Jo2my

Q ZF(“$8")HIIESE (Kinematic Variables)
v [REME (My, Py, On dn)
v [EE#OsLIG (My,0, 0, 0)
v IRACEFIRCTE A (Hr)

Q X&\EF (I F, &%) HEIESE
v [REMDNE (My, Py, 6y, bp)
v BRI E]

P
Pr = F‘)qz‘h P.qg
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Upgrade magnets
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cryomodules | J Nepe

20 cryomodules

Add 5
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Place for
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Superconducting Radio-Frequency Cavity
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(Sea quarks)
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(Valence quarks

Q BASE: Toik B MR B AT RS !

= JEEIME T aud) A (udd) RIE o Fd S50 R

Wraz o R T, “o” A “d” v g (A B 2] 1 T LR ok (HEA = s g i Be i i oK)

0 AT S LV b AT RS (03 I 15406

= — & H Deuterium (p+n) 8. Hellium-38 (2p+n) 1ENE L F

= ORI B B T2 ZE 3 1 (Fermi-Motion) 5 A] B8R H HH A1 (EMC effeco).
Q \EwW: LufldER= 5w, WNJLER/DN EREshEr e, JElid SRR 7 2k

o ] DLE S E A F (e.g., K+(u-sbar), K-(ubar-s) , B WAz 5 1) B 5w 1 A
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> RACE EFE:
‘n_rPoIarized NH3 Targets

“proton”

HES
v 24542 1.2m(W) x2m(H)
v W37 E g 5 Tesla
vV EIK:: ~3 cm
v = 1035 cm? 57!
v BRI >90%
v EERIRAL AR 70%
v FRE RN ~0.13
vVIEITIRE: 1K

Ievsulating Ve

o ZNZERLE, AR BEA SR

o BEURmMRALE, (HESLIIMEER BN S
*  JLabf) 3 EARALAE

«  UVARIRRACHEA 2 e TR 1Y)

https://userweb.jlab.org/%7Eckeith/Frozen/Frozen.html
http://twist.phys.virginia.edu/

Polarized He3 Targets
“neutron”

HFES
v A4 F-42: R=1.83m(outer)
v 158 : 25~30 Gauss
vV EEK:: 40 cm
v 22103 cm? 57!
v i R >T70%
VPR ~60% @ 15uA
v RN 0.3
vVigfTinEZ: ~20C

~90% ~1.5% ~8%

o ZMATTF ( longitudinally and transversely polarized)
o 19984 HuffEIlabfiiH (Jian-Ping Chen)

o CAEIMNLREHY

o RSETANUE A MER12GeV SLE i E

o A

o AR TR I = 2 EURD At T T 1 S

http://hallaweb.jlab.org/equipment/targets/polhe3/polhe3_tgt.html
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==& RFIRBIZRS (Particile Identification) /[FREE{Y
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% o TR FTNAEZE (Vertex Reconstruction)
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Detectors s = N ‘
v Position ' -~
v' Angle
v Time
Y Speed e Beam
v' Momentum v Current
v' Energy 7 T
v Particle Type (Mass, v Position
Charge) : . v Polarization
| v Arrival Time
i o i L Jum Collider Mode
Target (fixed target experiment) Ion Beam (EIC)
v' In-Beam Density (boiling effect correction) v' Current '
v Polarization (for a polarized target only) v Ene_rgy &/
v' Target Atoms (if mixed materials) v' Position
v" Reaction Point (for a long target) .‘/ Ani|e
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< SIERERFEA!
v %E?i%éﬁenyI&'ﬁﬁjHﬁ%#?iE
v BN FEOERNRMES (AWPMTRIRKRE
v %ﬂu%éﬁéﬂﬁgﬁﬁﬁ,?éﬂ (BRI, EE]AE%%
#lﬁgﬁﬂii SHIBENIE, & 11%HUJHEI%¥—7—EQ‘%E’J}
pl

< AEBRNIZEE R REEARERRE FEF

* FESEE, FARRFERN, EERITAERARS
BIF: AMEARITREARES, PRI EBRHINRARNES BE?

Left PMT Logic Sienal

Note: delay time due to

Right PM'T’ Logic Signal

Coincident Logic sienal (“time”)

Charged Particles
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J
0’0

4

L)

(CAR)

L)

L)

Single Arm Triggers (S0&S2); (S0&S2)&GC; (SO| |S2)&GC

SO coinc 1111} FIFO - [

widhsons  delay / 22222 — Fl--.-_ fire SO or S2 Reference Time for all front-end
To adjust S 5z
r:I:tlifLéstt? g:crrlwdostier €« >
for SO&S2 and SO| |52 S0 | | 52 —

52
\_I— S0 -
$2 coinc 111111 FIFO S0&S2 /e _I‘_q: - : \
wiath3ons  delay  — L ——1 1 T 1 fire SO and S2

50| |52 \\>_
G-CL 1 i fire (SO or S2) — Check GC

(50] |52)&GC —> > . L L
GC analog — ) [ | DT _ and fire GC Check Etticiency
sum disc. LLLLLL ! (S0&S2)&GC T > — 8

delay ~ SO+S2
To adjust GC analog

sum to S0&52

& . Efhciency

One to (NIM => ECL)->TS — - fire (SO and S2= B
S0&S2, S0&S2&GC timed on S2 One to other arm ‘ and fire GC

(SO| |S2)&GC timed on SO if SO fires
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kB R—MlltER N
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O — M ElfE—iRZ Z— M F SR FZINE > BlEEIARE]
(RF Time)--fll#E & 4ERYE]

¥

Q RXKSAFEFRUEENE, BERE $TIEERIEREIRNM SR A < >:
4 At,
: (from Path- : .
N Lenath) | (from Path-
@ ) i Length)
o) L : detected :
RF time N @ _I__ Ly _1__
at rest—" ? TOF from Lot L
W/ detecte . rom Left- RF Time 1OF from Right-
Spectrometer Spectrometer
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SCISSCH: Hall-A Tritium

>Hall-ASLIg KT

O Two identical high resolution spectrometers (HRS)

O Each HRS includes 3 Quadrupoles (Q) + 1 Dipole
QQDQ setup to obtain high momentum resolution (104

O A " 20 meter flight path allowing to precise measure the
angles and positions

O The detector-huti1s ~ 10 meter above the floor to avoid
radiation damage and background.
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»High Resolution Magnetic Spectrometer (HRS)

Q BNMZWABE (+/-60mrad MIR/ANZINENE (+/-5%) (BIREDHHE
Q ALk ERERIRN (BASER, SIEEE, *&mh?ﬂ‘l‘éﬁz)
—ﬁx—fﬁiﬂﬁlﬁgﬂ‘ﬁ‘%}\]EEA%E&F'

A Inclusive measurement in Hall-A
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»High Resolution Magnetic Spectrometer (HRS)

Q T MNRBE  (+/-60mrad) FITRIMZWENE  (+/-5%) {BIREDHER
Q AJURKIRERENRN (SASTER, SHEE, ISR FAITEER)
O —fig—AsCIeIRE ReelER MR/ A

A Semi-inclusive/Exclusive measurement in Hall-A
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»High Resolution Magnetic Spectrometer (HRS)
Q BMNRIRE (+/-60mrad AIRANERIIENE (+/-5%) BIREDHFR
Q LUK S RERNRE (BASER, SEEE, WMEFIHEE)
Q —fr—ALIwiRE ReellE R MR RN

AAAAAA

A Exclusive measurement in Hall-A
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Electron Arm l

>Ha11‘A;E'ﬁkJT Detector 3 N Shower

countens

Package Cerengor v
The detector hut contains a set of detectors hold 1n a retractable rack,

protected by a thick concrete door from radiations (e.g. neutrons).

” pre Shower
—
> " counters
VI s

(@ S0) s \s -
1 Azrogel
2 % ) Cerenkov
: @
“ ! \ ‘- Ll &
I m DQ T
Y T HRS-R o
Delecun
[ 't Pickage s Calorimeters
! N
gh '
w"‘ orsost & X Polarimetry
J n:muu.w\ .
VX N RS (Proton
s L W Polarization,
& i not n used)
Front-ind Electrons + Trigger System N et/~&mt/-
Timing Separation

Positions and Angles Tracking /= and K*/~ Separation
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—IRNZE, NBARRFEY:
~ El{m-los (MARATm \\

¢ d/u Ratio at x=>1
s Isospin-dependent EMC Effect \

High Momentum Transfer /
s T s - =

—

LT
|

831 5 (2017~2018) o — ~
~

/ E12-11-112 (Inclusive SRC)
¢ Study Isospin Effect in 2N-SRC and 3N-SRC \

< Measqre GMn at small Q?

(
\

e / 3 . ¢ : .
\ Spokespeople: G (Makis) Petratos, J. Gomez, A. Katramatou, DOE allowed \ Spokespeople: J. Arrington, D. Day, D. Higinbotham,
R. Holt (J. Arrington), D. Meekins, R. Ransome, ‘ " : t_’ 1 N P. Solgignon*, Z. Ye
PhD Students: T. Hague, M. Mycz, T. Su (Kent), J. Bane (Tenn, % ) ILab cut-off P tugents Shujie Li, Nathaly Santleyl (UNH)
Tyler Kutz (Stony Brooks ), H. Liu (Columbj § T 7] — m—
- "
\ — p— EXp max /
/ E12-17-003 (H | S) \ / E12-14-009 (EXCIUSiVC SRC) \
. ypernucied - ¢ Measure proton mom. dis. in °H & 3He
- Searcl(l’ for Lambda-N-N Hypernuclear B S SR, o —— & Verifvi b nucleis 1 (K51 (K
e Current (1) % Verily in neutron-rich nuclet: n, (k)>n, (k)

e’

Trittum Specs: i Mamar Tronter
1099 G o ==

" . . : Semi-Inclusive , QES
Spokespeople: F. Garibaldi, P. Markowitz, S. Nakamura, * 200 psia Spokespéople: L. Weinstein, W. Booglin,

J. Reinhold, L. Tang, G. Urciuoli / *  Cool with 40K \ F. Hauenstein, O. Hen, S. Gilad /
PhD Student: Bishnu Pendey (Hampton) e Beam 22.5mA (T 15W heat) PhD Students: Reynier Cruz Torres (MIT)
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> M A RAT H O N E X p e r i m e nt C. Roberts, R. Holt, S. Schmidt, PLB 727 (2013) 249-254

1O~
o FEHHIE x> 1 B9 20/T2p ATLUAIBRREIQCDIEELRY /ARG ,
A. Accardi et. al. Phys. Rev. D 93, 114017 (2016). a Yo 3 ,._]6_ Q e SU(6)
— 2 4 | - - . . . - e 06— O.0mn 0 =l
FZ — z eq fl (x) B CJ15 ';;:‘ ’ b QWhiUOW et al.(P;’le) .gu 5 a O V‘?DSE real.
q 0.8 MMHT14 _ ' (0.4|-w Melnitchouk and Thomas 17l pQCD
B CTi4 | | O Whitlow et al. (EMC) #J k) DSE cont.
B JR14 0.2 E 59§9§.(|2012) ' <> atqltlj‘fxrrk
(.6 Jids 29 ‘- L.'; \,_: ...&’ " - :
<+ BRI FH2NF2p, FADAFAEF s Y Owemaal
= ' TERMER - SR v TR R T SE
FU> FEEAMRIIEE x
0.9
0}
0 02 04 06 0.3
T 0.7 +

s 375 FIFSEETRNAIHS (BRRRL )

| |
i b = 5:; \ J F2n IR — F; He/F;H Super-Ratio in EMC (DIS) os | Solid circles : JLab MARATHON
\ — 5 5 R(3He) Opep squares : JLab BoNuS
- \ FQP 2]:‘2 He/[;‘2 H. R — Vertically-lined-hatched band : SLAC
v aria(ionul‘a \ R(3 H ) 0.1 + ' + + + + +
DB e 0.1 0.3 0.5 0.7 0.9

F3 F3 ;
» R(?’He)_ ZF Ij_; (3H)= H : Bjorken x

Fpt2Fn S EEHBEAZR  PRLIZS, 132003 (2022)
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»MARATHON Experiment o EEIIRTETRELT?
* EMC Effect: Per-nucleon DIS cross-section
ratio between a nucleus-A to the deuteron
decreases linearly in 0.3<x<0.7

1.2
[ ° EMC X
; o BCDMS ;
11 | e SLAC 5
5 oo t ﬁgwg of | " Trittum/D2 and He3/D2 gave maximum 1sospin asymmetry i DIS
\‘2 : ¢¢ 5 # +$ i 5 ] 1.05+ +r 1.05+ il
= 0.9 : g S 0*0{ ]N{ . "I/' /:"
ol o = . + { +
*% = EMC effect TO ¢ ¢ LE’ i :\*l““—\t.;‘*:$?~+\ff§+¥ ;‘:. ’ M\-] nnl ......... k{i ....... § ................. + }é’ ;’;...
08 Lot RIS SPEPrerd e T e P Rr N (AT el o *-ll\i ?‘*—_+ ,' o }f?+\ * {
00 0.1 02 03 04 05 0.6 0.7 0.8 0.9 1.0 =5 (ILIE Ve ++ /; 2 {ﬁ
X Wy (L
7 | o o Sens
) <1 T - CI5-LO + ~+ + Sk
= No accepted explanation 5 - KP Model H-H. D | ClI5LO
:F—‘-:l-“.““— === SLAC it E‘}”'”““ === KP Model
. & HallC E03-103 ' -== SLAC Fit
= Nucleon must be modified ¢ MARATHON ® MARATHON
*  Which nucleons are modified? T 00 0.4 i 0.6 0.8 PR 0.4 ) 0.6 0.8
. .[,‘, . ’I.}

e Isospin Dependent? Submitted to PRL
e Flavor dependent? * But no flavor sensitive> Need new experiment !
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> E12_11_112 (iﬂClUSiVG SRC) vE[[ 7o C. Ciofi degli Atti and S. Simula, Phys. Rev. C 53 (1996).

 BFZIA0HIERIKIE T3 ER (TIFIER) 1 O Y. | - e
< RZFEXREL (Shortrange correlations, SRC): 2 i g mac R
v BBfZIN2N-SRC (3N-SRO) E{UUTFD (CHe&’H) JRFI% r [fm]
v ARIRFEZRIZFNESHEERIUEER
/ BEE BHE GIRTTENS RIRNSHENS)

Momentum Distribution

s 2N-SRC has been observed by inclusive and exclusive QE scattering _

N. Fomin, E02-019 results, arXiv:0812:2144 . x l 1 . . , . 1

0O 01 02 03 04 05 06 07 0.8 0.9 1

T T T T T F T T T T T 2 > - b X Y Y . k (GeV/C)
o 8l + - ) )
T T % eeex | D "D * B No signal about 3N-SRC!
St —-—.—-—o—'_; - - ’* ’ C : = = . :
PR . 3 L..,.-.n.aﬂ— ...0’6":‘“4 E o New E08014 (23,25, 15<Q"<19 GeV? |
_ T Tl ® emswok | Ky e TF o E02019018, Q=2.7GeVY
% ‘Hg GSCH E P} ;"‘ -‘f m..f - Pt‘jllﬁh@d‘ Dala l~ P. '---..,_|_|-‘l 4 :_ % (_- l.-.-"LS
:E‘ N .= x & ;_ & E . t + + + * + + 6: - |
& . . k20 *FefD T 2ph/Ap 1 -
) o o - —
o I — 8 q.+ st o é%é
1 ottt W—+ =+ {*
167 ] 4 o T o.. T 2 oof ¥ 1}
%ge evand Au o & - °F W*ﬂ@g ¢ 7
al et hd . ] fa & 1 & ~ 8 F
ﬁ"'P.'...l 1 1 1 ;m"ﬂ".'.l 1 1 1 QL . i " " i ‘~ b - e - -~ ~ 1 C
%8 1 12 14 16 18 1 12 14 16 18 2 R A IR RS e A A R 1 N T R - Z. Ye, et. al., Phys. Rev. C 97, 065204 (2018
x x A B : u |1|u| L |1|q| Lo |2|u| L1 |q| L1
Schmookler et al., Nature (2019) - .S : 2.2

X
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» E12-11-112 (inclusive SRC):

, _ R. Shneor et al, PRL 99 072501 (2007)
s 2N-SRC 15 strongly Isospin-Dependent

Spin component in V(r)

: 40 - + P ( -
: | e ANy > A - \
% ;A At small r, tensor-force dominates: o

Counts

.-

==0 > Repulsive w 20 +_ N
= -3 6,0, D Autractive 10 + ;
Back-to-back in SRC w/ A(e,e’pN)A-2 reaction n Hall-A, JLab w

|
O | | 1 | |
< -1.00 -098 09 -094 -092 -0.90
S gt COS Y
A —t
B E : : O. Hen et al.
s = qnp pairs are 90% mn 2N-SRC! . '
L W ppinp from [*Cle.e’pp) /“Clee’pn) 1/2 pp x Science 346, 614 (2014)
= | © pp2Nfrom [ Clee’pp)/“Clee’p)]/2 - —
a ¥ 2N from PCle.epn) /Clee'p) R. Subedi, et al, R LU e T MMMRRELLLIIIIEEELLLL
O oL A mavmnTcomm pm Science 320 1476 (2008) S sof- C Al Fe #np / (#np + #pp) Pb
- | | 8 60 : 00 68% C.L.
i g —F + ¢ = aof- P Dominance H 95% C.L.
I . P . | o 0F #pp / (#np + #pp)
0.3 0.4 0.5 0.6 %D:—
Missing Momentum [GeV/c] 0O 20 40 680 80 100 120 140 160 180 200 A
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» E12-11-112 (inclusive SRC):

¢ Isospin-Dependence was seen in (e,e’p) with big errors
- but not fully conformed by (e,e’)

¢ Use Inclusive QE scattering on He3/H3 to study 1sospin dependence
v'"Much clearer than Ca48/Ca40 ratio

D. Nguyen, Z. Ye, et al, RPC 102, 064004 (2020)
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S. Li, et. al, accepted by Nature (to be published on Sep. 1)
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»Unpolarized Inclusive Cross-Section Measurements:
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»Unpolarized Inclusive Cross-Section Measurements:
BRIUEIRETEE F28
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»Unpolarized Inclusive Cross-Section Measurements:
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»Unpolarized Inclusive Cross-Section Measurements:
BRIUEIRETEE F28 \ nf M FHEIRRTIE
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»Unpolarized Inclusive Cross-Section Measurements:
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»Unpolarized Inclusive Cross-Section Measurements:
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»Unpolarized Inclusive Cross-Section Measurements
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»Unpolarized Inclusive Cross-Section Measurements:
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»Unpolarized Inclusive Cross-Section Measurements:
BRIUEIRETEE F28 \ n T FIBHETIE
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»Drift Chambers (DC)
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»Gas Electric Multiplier (GEM)
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»>Silicon Tracker
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»Multi-gap Resistive
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»Time-of-Flight (TOF):
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>§1€$4%§E§j}/?\f¥ Threshold (GeV/¢)

radiator index e T K p
quartz (DIRC) 1.473 | 0.00048 | 0.13 | 047 | 0.88
aerogel (mRICH) 1.03 | 0.00207 | 0.57 | 2.00 | 3.80

O Hall-A Gas Cherenkov Detector was tuned to allow electrons
with 18 MeV/c to emut hight, while pions requires 4.3 GeV/c

P . mc aerogel (ARICH) | 1.02 | 0.00245 | 0.69 | 2.46 | 4.67
threshold =" /o1 CoFs (ARICH) | 1.0008 | 0.01277 | 3.49 | 12.34 | 23.45
Spherical Mirrors CFy (gRICH) | 1.00056 | 0.01527 | 4.17 | 14.75 | 28.03

(8Ocm focal length)

PMT Table 11.40: Table of Cherenkov thresholds for various media.

(Burle 8854)

Cherenkov hights are focused by
miurrors and reflected to the PMT
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>E{eRKRIBEIRIE
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Q 67, EREFFIEEMHASENASORE (BHSHEUE, SREE, YEiR

59, BBFXITTES)
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>Shashlyk (T EREES (Shashlyk EMCal)

E 4ap oo

B HeBn

Q Shashlyk Type: ($AHR+ZEIN...) E00; FEEAYEAS |+

HEBEIEERHES
0 BEEDHERK
Q 8H; 455

Preshower+ Al

Preshower, 2X,lead + scintillator

e /
e e s =

= /
1 o /
' 11.2mm lead 20mm Sc.

Preshower WLS fiber Y

1-1 fiber
connectors

|

' (large sheets) (6-25—cm-side hexagons)

(guided out between EC and the magnet wall)

’
N
I

clear fibers

Shower, 18 X, Shashlyk
(6.25—cm-—side hexagons)

" Shower

WLS fibers

434.5mm (194 layers)

T -

20 mm Al

Eeach layer: 0.5mm Pb+1.5mm Sc+two (.12—mm gap I

=-=—100mm =

100-100 fibes
connectors

54/40




H RN =RE

>BFIRNBRSG
Q 2+ (Muon) B“EEF", YEER/LF—HF REEH
(105.66 MeV) FIAEREE (2.2 us)

0 —LyENREE, WRERSFHNREREFENTS

oA

— . VEFERSEMERES:
, VT REESFEERE T
VSR EIES ST ERT

/ k. % \ v i1Double-DVCSXIGPDEINIE

Q 2L EREBES, BRI~ EIEUR
(FEHAE BE R ELAXE)

O BERENEELD, GRANSTANE .

ROt TN E

TGRS

.l()]lil[ml!.)g

55/40

I0YR[UIDG



HERN=E RS

>Rpz RN RS (EELE)

0 RIS HeHEA T4, ERIBIHEDFEPR
hFHNEEE

0 WEPINTFHIKN FHILEH, ERTFHPEILTINBA
PAIK, BB TREER BT

_ Q izt —hIBEEWRIR, MELIZFEHX
(il PonClowd| ¢ [ Realbion ]

c@g‘_ m: - Emm

O B RFZAEIRET,

Superconducting
Solenoid

Photon Detector

RIS F Cl Q SIUSAEE, Kit—F -
‘ HERERG, 1R s
Knock-Out Particle ﬁgd:Z?i&{fi-EnﬂE@ I}
V' @& RHENE, HFHaIEE o
- ‘ ] 1
o\ -
NS A S
Sl Recoil Partich

Target-Cell

SN Recoil/Spectator HERMES Recoil Detector

N



HigfRNz= R 57/40

>Rz IRNERRS (XYE)
+ IEXIARAR, RPHT ERGDRE CRENES) >BS2R

17

-
ity

b ) ' | (13\@" . e

leed Target (Recoil De‘rec‘ror‘) Collider (Forward Detector)

/..':,

<+ —RRAENEREm (100m) , FRUBRFEESINRIFIRS, HTRPZFRINE

central detector small angle ultra forward
with endcaps hadron detection hadron detection
low-Q? electron detection n,y
[ I
and Compton polarimeter large aperture on quads 60 mrad bend a
electron quads '
P Y N
e small diameter 5 o
— electron quads Y «—
P E— - - -

50 mrad beam Thin exit Fixed trackers Roman pots

(crab) crossing angle windows




X/
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Check how well to recover the physics inputs

€ne €a.

A Monte-Carlo Simulation 1s basically like running an experiment in your computer

Target/
Reaction-Point

Spectrometer/
Solenoid

Detectors

Front-End

Electronics

Reconstruction/A

nalysis

Simulate the
physics reaction < Many application
w/ model inputs v Design experiments
v" Design detectors
v Evaluate detector/electronics performance
) . v" Help pre-processing of the online
Simulate how particles bp p-ld- , 5
travel in a EM field experimental dala .
v Apply correction and evaluation
uncertainties to real data
Simulate how detectors
respond to particles & Software and Tools
v" Event Generators for dedicated physics
processes (w/ theory models)
. v" Fast simulation to study particles
Simulate how detectors o throush EK/Ipf 1ds and
: ls converted into propagating throug 1elds an
zl.%?a t electric sianals materials (DYT codes)
'TTerent eleciric sigha v' Sopesticated MC simulation, using Geant4

Reconstruct physics quantities after

building in "actual effects” (energy-loss,

background, detector resolution, etc.

)
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