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SoLID - The

Next-Gen Spectrometer at JLab

Solenoidal Large Intensity Device

» Rich physics program including

For an overview, see Xiaochao
Zheng'’s talk at the JLab User’s
Meeting
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SoLID APPARATUS FOR PVDIS
What do you need for to measure parity
violation in DIS?

= DIS experiment: W2 > 4 GeV? Isolate DIS
events. Only electron is detected.

» PV experiment: High Luminosity with E ~ 11
GeV, stable systematics

What do you need to address the physics?

= Wide x-range: 0.25-0.75:
— untangle physics.
— Large scattering angles ~22°<6<~35°

» L arge azimuthal acceptance. =l arge Q2 range: Measure Higher Twist.
» Better than 1% statistical errors for small =2 GeV < E'< 6 GeV: Low background
bins

= Around 2% Momentum resolution
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SoLID APPARATUS

= Baffles to reject wrong momentum background
= Light Gas Cerekkov: identify electrons for trigger; reject pions.

= Shashlyk electromagnetic calorimeter (Ecal) : coincident trigger
and further particle identification.

=  With tracking, tight E/p cuts reduce pion backgrounds.

Baffle 5xGEMs EC

.




LATEST — CLEO-Il MAGNET COLD TEST AT JLAB
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LATEST — CLEO-Il MAGNET CoLD TEST AT JLAB CLEO_|I

700
= Alow current test on March 24th. 600 '
= 3-axis Hall probe data matched TOSCA model well. o
9, 400
= Coil average temperature remained constant during test. 2 200 . o Tosc
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PARITY NONCONSERVATION AND ELECTRON SCATTERING

desEEhE T0 THES BEDTTOR Proposes that electron scattering should have

measurable parity violating asymmetry

PARITY NONCONSERVATION IN THE
FIRST ORDER IN THE WEAK-INTER- = Proposes interaction like that responsible for 3 decay
ACTION CONSTANT IN ELECTRON to occur in electron scattering

SCATTERING AND OTHER EFFECTS = Argues cross sections for scattering left- and right-

handed electrons could differ

Ya. B. ZEL’ DOVICH

Submitted to JETP editor December 25, 1958

J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 964-966
(March, 1959)
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SLAC E-122 BEAM MONITORS -
‘ - CURRENT S 3
ENERGY G MALLER _
a ACCEL. POSITION '@ POLARIMETER Cg
L ANGLE R . S
[GaAs SOURCE} | =+
J @
w COMPUTER QO
7))
TO ELECTRONICS ¢ a N
= Scatter left and right polarized electrons ~ c);
from target > m
. . —
» Count/measure (frequently integrating) TO ELECTRONICS ——— N

number scattered into specific solid angle
= Keep systematic effects in control
= Form asymmetry and publish
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1ST GENERATION PV EXPERIMENT IN 1977

PARITY NON-CONSERVATION IN INELASTIC ELECTRON SCATTERING *
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Abstract

We have measured parity violating asymmetries in the
inelastic scattering of longitudinally polarized electrons from
deuterium and hydrogen. For deuterium near Q% = 1.6
(GeV/c)? the asymmetry is (-9.5x10-°)Q? with statistical and
systematic uncertainties each about 10%
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This experiment convinced the world
that the Z-boson violated parity. Argonne &




PROBING THE STANDARD MODEL

What we know:

= The Standard Model is

extremely accurate
— annoyingly so in some
cases.

= But there are slight
disagreements

What we don’t know:
= Exactly what is missing
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. 1—(1-y)?
PVDIS VARIABLES Cahn and Gilman, PRD 17 Y = :

L, 1313 (1978) polarized L+ (1—y)? =25
g —a rons on deuterium
Aisg _ Ui — electrons on deute R(IQZ) _ G’I/{Tr ~ 0.2
i‘{;F(v.)j 201-{5 - Cld (1 + Rs) +Y (2021;. — CEEI) R-u
Ta2/2 o+ R,
R( ) 25 (T‘) Large = 0
& h — 7
U(z)+ D(x)
LT + d;, &I') Large x
R.U(.T) — t ( ) ( ) g \ 1
Ulz)+ D(x)
_Ci=2g:8y  Cy=2gy8, ) aco
Cru = —3+35sin°0y ~ —0.19 = Parton distributions (u, d, s, )
Cg = %—% sin? Oy = 0.35 = Charge Symmetry (CSV)
Ch, = —%+2 sin“ fy ~ —0.04 = Higher Twist (HT)
OQ,{ — %_2 H1112 H“. ~ 0.04 = Nuclear Effects (EMC)
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. 1—(1-y)?
PVDIS VARIABLES Cahn and Gilman, PRD 17 Y = :

RV S
Ao = ol + o R(IQZ) = O’I/{Tr ~ (0.2
3GrQ*\ 2C, — Cig(1+ Ry) + Y (2Cs, — Cog) R,
B (W{}-“Eﬁ) 54+ R,
Ra) = —20) L,
Ulz)+ D()
. . Ru(s) = Uy(2) + dy () Large "
D Ulz)+ D(z)
\Clz = nggv Cy = ZngA/ t—-ﬂ‘ QcD
Cin = —i4+isin?0y ~ —0.19 - = Parton distributions (u, d, s, ¢)
Ciq = 31—2sin’by =~ 035 Half full or = Charge Symmetry (CSV)
Ch, = —%+2 sin“ fy ~ —0.04 hatt Spty = Higher Twist (HT)
Chy = %_2 sinfy A~ 0.04 = Nuclear Effects (EMC)
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PARITY VIOLATION AS A TOOL TO INVESTIGATE THE STANDARD MODEL
2

SN
g = )4 + Zi 4 7 gl — o
%«% Ay =

l r
Mweak—I—BSM o Mweak+BSM

~
0.245 unnin: g
e Particle Threshold ]
. . Measuremen ts 3
— e 1 _ e 1 " ]
\Cli = 2gAgV C2j = 2ngA/ 0.240 l SLAC E158 _
lAPV Qweak_I h _;

AN E
= sin® 6, is a Standard Model Parameter 3 \/ st '5

= Search for NSM Physics looks directly -
. : 2023 Particle Data Group
at couplings R SR IO AR R I
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u [GeV]
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EXTRACTING THE PHYSICS

PVDIS Asymmetry Uncertainty (%) Half full

| halfempty
12 N N R | ==y

. Cleanest BSM search 11 Gev

Q? (GeV?)
I
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Y R — _ul physics topics:

2: ..... ' ..... X -Y- Q2
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X
Bur ) CSV
AMeas. = Asm |1+ + Bosve
o (1-2)°Q2 Higher Twist
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SoLID PVDIS IMPACT

., Published data
1 @@ Published data + P2
e _ _— | zAHAD eq — Sl eq — 5
Lxe o2 | €T TE Zd Javdiug T €r"e Zd Gy a4 / < Published data + SoLID + P2
q=u, q=u,
: 3 Q? 1—(1—y)?
ADIS ~ X _(2¢%%, — ed + (2¢5%, — ed
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L1 I R B B BSM physics probed: leptophobic Z’, dark Z,

| T
-0.5
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2 strong PV (https:/arxiv.org/abs/2306.04704)
s, 29 -9l gge. p. Souder, PAC50 18 Argonne &
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https://arxiv.org/abs/2306.04704

HADRONIC PHYSICS: CHARGE SYMMETRY VIOLATION

uP(x ) d'(z) = du(z)=ul(x)—d"(z)
dr(z) =u™(z) = od(z)=dP(z) — u"(x)

||.V || \

P 6Apy ’ du(x) — dd(x)
ST Ay T u() +d(x)

B_CSV Estimates
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0.7 0.8 Slide Credit: P Souder, JLab
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STANDARD MODEL EFFECTIVE FIELD THEORY (SMEFT)

« BSM Physics has large phase space SMEFT identifies
« PVDIS deuteron measurement access all possible BSM physics
effective electron-quark couplings
i 84 d=6; 993 d=8 independent couplings
£=2.2 3ia 0 =]

| el |

Ceu ['1'ev2

Odj = ei'Yueifj'Y fi Cea = €53
1

€L/R = 5(1 F ) e

OY = LL¢, LRy, RL;, RR;

05

0.0} = LHC (Drell-Yan)
= SOLID

Goal: Measure each C4i as — sop e
precisely as possible

(Nobody really knpwg where the Thanks to F. Petriello
new physics is.) AR VR

-0.5 0.0 @) 1 ]
iq |Tev2

-05p

| See Euler and Su, Prog. Part. Slide Credit: P Souder, JLab
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1.1

PROBING THE EMC EFFECT _ © NMC DIS
What we know: 105 1 E139 DIS
= Parton distributions in nuclei appear L op ? ¢ A E665 RC DIS
different than those in nucleons | ﬂ] |
g,
What we don’t know: ©0.95H g
= Is the sea quark effect absent? Sb O
— see Drell-Yan from SeaQuest 0.9 u
= |s there a flavor dependent effect? - @) ij
~ cf. Cloét PRL 102 252301 (2009) o5
= Why does the effect exist at all? I
)
0.8
| L1 1 | | L1

L1 | I I | | | | | | | | I | | | | 1

O 01 02 03 04 05 06 0.7
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1.1

PROBING THE EMC EFFECT _ © NMC DIS
What we know: 105 1 E139 DIS
= Parton distributions in nuclei appear L op ? ¢ A E665 RC DIS
different than those in nucleons | ﬂ] |
— except, possibly for sea quarks 1 %Q O (P
. T =
What we don’t know: ©0.95 % . g
= Is the sea quark effect absent? S [ | {}l 1i | : O
— see Drell-Yan from SeaQuest 0.9  wr l__*'”"i} s N
= |s there a flavor dependent effect? - f ‘ :u 5l O ij
~ cf. Cloét PRL 102 252301 (2009) (o« m” :
= Why does the effect exist at all? T Fee ,;.;%}M i £
) [~~~ Pion Excess L A
o f o gk ter 14 3 &
O N 8 o 0.0 ()I.l 02 0.1 02 <

0 01 02 03 04 05 06 0.7
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Traditional models and explanations of the EMC effect assume that
the effect is the same for all flavors of quarks

FLAVOR DEPENDENT EMC
A LA CLOET

T T T T T T T

Z/N =26/30 (iron) !

] uy (x) _ ds(x)
] uf(x) B df(x)

1.1}

This symmetry is not demanded by any underlying physics!

NuTeV:

= SM test based on neutrino scattering

= Tour de force experiment in many aspects except

= Weakly interacting v beam required a dense target—Fe

= Flavor dependent nuclear effects can explain much of the NuTeV anomaly

EMC ratios

0.245 _' N DA DL RLLLL BRRLELALLLLL IR LAY BLELALLLL F LR
" 0.240 Qw(p)]iow(e) INuTev
S
= 2
© = Q,(APV)
= eDIS
Q ~g 035
E 2]
m -
0.230 -
0.6 - Rgb ........ 'U,A/'U,f QZ — E)GQVQ i
: l - ' - ' . - ' 0225} 2014 Particle Data Group
0 0.2 04 0.6 0.8 vl vl vl il el vl il
T 0.0001  0.001 0.01 0.1 1 10 100 1000 10000
@ ENERGY s 23 h[GeV] Argonne &




PVEMC

2 2
FQ 1-(1-y)
APV ~ _47_[“\/7 al(X) + 1 + (1 )2 3(x)
EY* Y. Ciieilqi(x) + q;(x)] e Y7 X Cieilqi(x)—q;(x)]
ax=e1_= i€ilYi i a3(x)=gAy= T —
1(x) = g3 F1],/4 Zeiz[qi(x) +3,(0)] F{ Yeflqi(x)+qi(x)]

Approximate a4 (x) around symmetric nucleus

9 12\ ul — d#
al(x) = g — 4 Sill2 HW - (25) A A

uy+dj \
g (x) = q(x) £ q(x) Measures flavor differences!

§*77%, u.S. DEPARTMENT OF _ Argonne National Laboratory is a
¢} U.S. Department of Energy laboratory 24 A
(BJENERGY Z55 5ty rgonne

AAAAAAAAAAAAAAAAAA



a4(x) FOR NUCLEI

a,(x) = = — 4 sin® 6y,

5
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EXPECTED RESULTS

Q? (GeV?)

o—llllilIllilllliiIllillIlillllillllillllillllillll

0.1 02 03 04 05 06 07 08 09 1
X

0.98

0.96

0.94

-—

0.92

0.9

0.88

0.86

26

0.

a, from CBT, *®Ca x/X,=12%, 60 days, 80uA

IIIIIlIII|I|I|III|III|III|[II

— a1 CBT

— Our Projections (stat, stat+ pt to pt sys)

aren g

Shared sys. uncert

e e v v b b e b e by gy

1

0.4 0.5 0.6 0.7 0.8 0.9
X
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RECAP

» Parity violation in DIS enables electroweak
and QCD exploration

A ol —o"
e
7
~ Mweak weak
MEM

» SoLID mission (one of several) is to used
PVDIS for electroweak and QCD study

Baffle 5xGEMs

Qom 0a>

", U.S. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory 27
managed by UChicago Argonne, LLC.

Half full or
half empty

AAAAAAAAAAAAAAAAAA



RECAP

» SoLID PVDIS has significant reach to explore the SM

= SoLID flavor-dependence in the EMC Effect

a;(x) =

— — 4 sin%0

5

Q2 (GeV?)

PVDIS Asymmetry Uncertainty (%)

14

T

&”’M

o

" i i i annllnnan
01 02 63 0405 06 07 08 09
X

12uj — d;

W 25uf +dt

28

0.94
‘_0.92
0.9
0.88

0.86

D .

[2 gau' dd]VA

=020 26-0.74-0.72-0.70-0.68

05 ] | 1 | | ] 1 1 r
-1 -09 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

[2 geu_ gd]Av
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e l

o —o
AeDIS
g€ + o!
— 2 Sy gA X QAgv[ (x)+ Q(x) [1+(1 3’)2]+QVZ QAgA[ (x)— C_I(x)][l_(l_Y)z]
- M Q5 (ZQA) q()+ qo)][1+(1-y)?]

3 Q"2 1-(1-y)?
~ 20ma(Q) v [( g gAV) t (Zg g‘%il (1+(1—y)2)]
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UNIQUE HIGHER TWIST CONTRIBUTION

The observation of Higher Twist in PV-DIS would be exciting direct evidence for diquarks

following the approach of

Bjorken, PRD 18, 3239 (78), v, = @Yuu— dYud)‘:' 5, = (;Yuﬁdyud]
Wolfenstein, NPB146, 477 (78)

Isospin decomposition
before using PDF’ s

() =1, [(DIV* ()7 (0)| D)e™*d"x

'yZ
A, = éQ [a(x) + F()b(x)] 6= 2 ; n ésgi a(x) x W x1—-0.36
Higher-Twist valence quark-quark correlation Zero in quark-parton model
(VV) —(55) = {(V = 5)(V +5)) x /(DIU(r) u(x)d(0)7,d(0)|D)e" " d*x
m (c) type diagram is the only operator
e that can contribute to a(x) higher

(a) : (b) ‘ twist: theoretically very interesting!

u d /
m o, contributions cancel

Slide Credit: P Souder, JLab
(EENERGY tI5sia s betey 30 Director’s Review, Feb 2021 Argonne &
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“8ca/*°Ca Ratios

WHY USE PARITY VIOLATION?
= 48Ca/*0Ca ratio (E12-10-008) -

------- E139 Param

CBT

“8ca/*°Ca Ratio (stat + pt to pt sys)

-
o
a
EIIII|IIII|IIII

Common Syst.

— will be less than fully conclusive 88_ Shared systematic
LLN
3 No Flav. Dep. ...
= 3H/3He (MARARHON) g B e e
— more sensitive to neutron structure function than g __F .
5 % Cloét
flavor dependence 2 F
09—

O.BSIIIIIIIIIIIIIIIIIllllllllllllllllllll

= 7*/11- from 3H/3He (12-21-004 Hall B)
_ Condltlonal approval 0.2 0.3 0.4 O.Sij 0.6 0.7 0.8 0.€
— PAC “The physics programme is very rich, but
the extraction of the underlying physics
observables is very challenging”
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Possible Lepto-Phobic Z’; Example at lower energy

Motivation for introducing new particle:
Baryon number is a global symmetry in the SM (bad).
Theories of local baryon number symmetry are attractive.
They predict a lepto-phobic boson. (gB)2
They also predict a dark matter candidate. A~ M)
2

C2

Perez, Phys. Rept. 597, (2015) 1-30 :
Leptophobic 2’

e arXiv:1203.1102v1 q

m== CMS 8 TeV, 19.7 fb™* Buckley and Ramsey-Musolf

1.0 m— CMS 8 TeV, 18.8 fb!

0.8f
CMS 13 TeV, 35.9 !

0.6f = CMS 13 TeV, 36 fb~& 27 fb~*

m
. = CMS 13 TeV, 18.3 fb

0.4r

=== (CMS 13 TeV, 35.9 fb~"

0.2 = CMS 13 TeV, 41.1 fb™* :
Ao A e q
00 ) ) ) ATLAS 13 TeV, 3.6 fb
' 50 100 500 1000 == ATLASI13T&V, 2030 ‘o . ,
Mk\ Modifies mainly C,'’s
Perez, et al., : :
JHEP 07 (2020) 087 Limits depend on branching ratios. in PVES

Plot shows that the LHC is interested in Leptophobics



Dark Boson Z, and sin?0,, c2
* Davoudiasl, et al. Phys.Rev.D 92 (2015) 5,
055005
0.242f
0.240f " gz =25GeV ]
-00016 < &' < —0.0005
— 0.238F | &> 00008 (light color)
S
f 0‘236: APV(Cs)
% 0234f
1 if [
0.232} apviRa ) Moller
I P2 qweak i
0.230 - "Anticipated sensitivities" SLAC
R I I S T
Log,p Q GeV]
Method:

PVES is the only way to see Zj if
decay is dominated by invisible
particles

1. Assume Standard Model
2. Treat C;'s as function of sin4,y
3. Fitto one parameter
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