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Motivation Apparatus Calorimeter Options

Parity Violation in Electron Scattering at Q2 � M2
Z

�γ Z

f

~e−

f

e−
Polarized beam on Unpolarized target

σ ∝ |Aγ + Aweak |2 ∼ |Aγ |2 + 2AγA∗
weak + ...

ARL =
σR − σL

σR − σL
∼ Aweak

Aγ
∝ GF Q2

4πα
g

g = ge
AGT

V ± ge
V GT

A , depend on sin2 θW , kinem.

for f ≡ l± g ∝ (1− 4 sin2 θW ) < 0.05

Observable A ∼ 10−7 − 10−3, sensitive to:
Electroweak coupling: ⇒ CM tests
Magnification: sin2 θW ∼ 0.23 ⇒ δ(sin2 θW ) ∼ 0.02 δ(A)

A

Target structure ⇒ unusual FF, PDF combinations
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PV DIS Asymmetry

LeHadron = GF√
2

∑
i(C1i · jeA · j iV +C2i · jeV · j iA)

where i are partons (quarks)

C1q = 2ge
Ag i

V = −C1q ≈ − t3iL + 2Qeis2
W

C2q = 2ge
V g i

A = +C2q ≈ − t3iL(1− 4s2
W )

Cahn,Gilman 1978
Parton model:APV = GF Q2

2
√

2πα
[a(x) + Y (y) · b(x)]

Y (y) = 1−(1−y)2

1+(1−y)2 , y = ν
E , x = xBj

a(x) =
∑

i fi(x)C1iQei/
∑

i fi(x)Q2
ei

b(x) =
∑

i fi(x)C2iQei/
∑

i fi(x)Q2
ei

fi(x) - quark distribution functions

Isoscaler target
Deuterium:f (x) largely cancel

q± ≡ q ± q in proton

a(x) = 3
10 (2C1u − C1d ) (1 + Rs(x))

b(x) = 3
10 (2C2u − C2d ) (1− Ra(x))

Rs(x) = 2s+

u++d+

Ra(x) = u+d
u++d+

}
large x→ 0

APV (x , Q2)/Q2 large x→ A(y)

Corrections from:
• s-quarks, sea-quarks
• target mass
• higher twists

Prescott 1979 s2
W = 0.22± 0.02 using SM
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Measurements of the weak charges C1q, C2q

Existing measurements:

PV-elastic in e−p, d , Be, C
at Bates, Mainz, JLab

PV-DIS in e−d , µ±C
at SLAC, CERN

Atomic PV experiments

Planned measurements:

PV-DIS in e−d at Jlab 6 GeV
(Hall A) x ∼ 0.3

PV-DIS in e−d at Jlab 12 GeV
(Hall C) x ∼ 0.3

Remember NUTEV!
Credit to P.Reimer et al

p. 5

FIG. 2: The effective couplings C1u, C1d (left), C2u and C2d (right). The future Qweak experi-

ment (purple band), combined with the APV-Cs result (red band), will provide the most precise

data and the best Standard Model test on C1u and C1d. The SAMPLE result for C2u − C2d at

Q2 = 0.1 (GeV/c)2 and the projected results from the 6 GeV PVDIS experiment (E05-007, Phase

I+II) [13] are shown. Assuming the SM prediction of 2C1u − C1d, the value of 2C2u − C2d can be

determined from the proposed measurement to ∆(2C2u − C2d) = 0.015 (red band).

E122) in the 1970’s served to establish the value of sin2 θW [14, 15] at sin2 θW ≈ 1/4.

Since this groundbreaking experiment, parity violation has become an important tool not

only for probing the Standard Model [5, 7, 8] but also for probing the structure of the

nucleon [16, 17, 18].

2.1. Parity Violation in Deep Inelastic Scattering

Prior to the SLAC E122 experiment, electron beams were used solely as an electromagnetic

probe of the nucleon because of the comparatively small amplitude of the weak neutral-

current scattering at low energy. A number of facilities (JLab, SLAC, MIT-Bates, Mainz)

have developed the capabilities to provide high enough luminosity to make studies of the

weak neutral current and its couplings feasible. The weak neutral current can be accessed
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Program of PV DIS Study

Strategy

Study hadronic physics first
Use the hadronic results to measure the axial couplings

Required precise kinematics and broad range

Two beam energies: 11, 8.8 GeV
Measure AD in narrow bins of x , Q2 with 1% precision
Study the AD(Q2) at 0.3 < x < 0.6 to constrain HT
Search for CSV with AD(x) in 0.5 < x < 0.7
Use x > 0.4, high Q2, Y data to measure C2q

Requires:
A large acceptance and high rate magnetic spectrometer
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DIS Parity Violation at X > 0.6 at 12 GeV
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Motivation: CSV, d/u, high twists
A ≈ 10−4 ·Q2 ∼ 0.7 · 10−3
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DIS Parity Violation at X > 0.6 at 12 GeV
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Rate=     35.8 kHz

at L= 540 pb-1s-1

Motivation: CSV, d/u, high twists
A ≈ 10−4 ·Q2 ∼ 0.7 · 10−3

Kinematics and Rates

22◦ < θ < 35◦, W 2 > 4
50 µA, 40 cm LH 0.54fb−1s−1

Rate 34kHz X > 0.55
Rate 8.7kHz X > 0.65

acceptance = 100%, eff=50%

1% stat ⇒ 2 · 1010 events
X > 0.55: 13 days
X > 0.65: 40 days
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Other Potential Experiments

Experiments considered at 12 GeV
SIDIS: transversity, etc. 2 paricles to detect
γp → J/Ψp photoproduction close to threshold
DVCS e−p → e−γp, e−l+l−p, ?
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Requirements

Acceptance

Working at L ∼ 0.54fb−1s−1

E ′ > 1.5 GeV to remove low energy e−, π−

E ′ < ∞ no line of sight, to remove γ

σE ′/E ′ < 2% energy resolution
∆Ω > 0.3str solid angle
PID e/π ∼ 105

Trigger rate <20 kHz/DAQ

If it were easy - would have been done somewhere
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Options

Several options have been considered:
Large solenoidal spectrometer
a magnet leased from BaBar/CLEO/CDF...
Double-todoid spectrometer
Others - much lower acceptance ...
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Solenoidal Large Intensity Detector (SoLID)

Solenoidal detector for PVDIS at high x
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EM calorimeters with optical readout

Density X0 RM λI Refr. τ Peak Light Np.e.

GeV rad σE
E

Material g/cm3 cm cm cm index ns λ nm yield
Crystals

NaI(Tl)∗∗ 3.67 2.59 4.5 41.4 1.85 250 410 1.00 106 102 1.5%/E1/4

CsI ∗ 4.53 1.85 3.8 36.5 1.80 30 420 0.05 104 104 2.0%/E1/2

CsI(Tl)∗ 4.53 1.85 3.8 36.5 1.80 1200 550 0.40 106 103 1.5%/E1/2

BGO 7.13 1.12 2.4 22.0 2.20 300 480 0.15 105 103 2.%/E1/2

PbWO4 8.28 0.89 2.2 22.4 2.30 5/39% 420 0.013 104 106 2.0%/E1/2

15/60% 440
100/01%

LSO 7.40 1.14 2.3 1.81 40 440 0.7 106 106 1.5%/E1/2

PbF2 7.77 0.93 2.2 1.82 Cher Cher 0.001 103 106 3.5%/E1/2

Lead glass
TF1 3.86 2.74 4.7 1.647 Cher Cher 0.001 103 103 5.0%/E1/2

SF-5 4.08 2.54 4.3 21.4 1.673 Cher Cher 0.001 103 103 5.0%/E1/2

SF57 5.51 1.54 2.6 1.89 Cher Cher 0.001 103 103 5.0%/E1/2

Sampling: lead/scintillator
SPACAL 5.0 1.6 5 425 0.3 104 106 6.0%/E1/2

Shashlik 5.0 1.6 5 425 0.3 103 106 10.%/E1/2

∗ - hygroscopic
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Energy resolution

• Fluctuations of the track length (EM): σE
E ' 0.005√

E

• Sampling fluctuations (EM): σE
E '

√
Ec ·t√
E

, where t is the layer
thickness in X0 (B.Rossi),
∼ 0.1·

√
t√

E
for lead absorber (t > 0.2) > 0.05√

E
• Statistics of the observed signal (EM): σE

E > 0.01√
E

• Noise, pedestal fluctuations σE
E < 0.01

E
• Calibration drifts σE

E ∼ 0.01 for a large detector

Ideally, a large sampling calorimeter may have σE
E ' 0.05√

E
⊕ 0.01

E.Chudakov Oct 31, 2008 Calorimeter for Large Acceptance PVDIS 13



Motivation Apparatus Calorimeter Options

SpaCal (CERN, Frascatti, Hall D)

scintillating fibers / lead matrix

• Volume: Fiber/Pb/glue
48%/42%/10%

• X◦ = 1.2 cm
• 5 g/cm3

• CERN - original R&D

• KLOE (DAFNE) - 5000 PMTs

• KLOE σE/E ≈ 5.7%/E1/2

• KLOE στ ≈ 50/E1/2 + 50 ps

Critical for this resolution:
• uniformity

• fibers collected to the Ph.Det.

• Ph.Det. surface: 50%
PMTs only? Mag. field?
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Shashlyk Calorimeter

• Pb + scintillator sandwitch

• WLS fibers to the Ph.Det.

• Ph.Det. surface ∼ 1%

Pb Pb Pb Pb PbSc Sc Sc Sc Sc

WLS fibers

PMT

• HERA-B: PMTs
σE
E ' 0.12√

E
⊕ 0.014

• KOPIO: APDs
σE
E ' 0.03√

E
⊕ 0.020
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HERA-B Calorimeter

NIMA 580, 1209 (2007)

2.1. Radiation environment

The HERA-B detector had to cope with a large radiation
environment, typical of the hadronic interactions at high
energy, strongly depending on the distance from the beam
pipe.

The INNERMOST part of the calorimeter was designed to
cope with up to �50 kGy (at shower-max position) dose per
year of operation while the same numbers for the INNER,
MIDDLE and OUTER sections are, respectively, �20, �4
and �1 kGy=year. For this reason a different technology was
used in particular for the signal collection devices.

2.2. The INNER section

The schematic construction of the INNER ECAL
module is shown in Fig. 3.

The stack of absorber/scintillator tiles consisted of 40
layers, each made of an absorber plate 2.2mm thick and a
scintillator plate 1mm thick, corresponding, in total, to
23X 0. The small lateral cell size ð�2:5� 2:5 cm2Þ and the
need of containing the lateral development of electromag-
netic showers in order to separate signals in the high
particle density region close to the beam pipe imposed the
choice of a W–Ni–Fe alloy as absorber, thanks to its small
Molière radius (see Table 1).
Due to severe radiation environment, modules exploited

radiation hard scintillator based on PSM115, separated
from the absorber plate by a 0.1mm TYVEK paper sheet
to improve the light collection, to provide uniform
mechanical load onto scintillator tiles and to ensure
elasticity to the assembled stack. Tile edges were alumi-
nized to prevent tile-to-tile light cross-talk and to improve
light collection. The rigidity of the complete stack was

ARTICLE IN PRESS

Fig. 2. The HERA-B electromagnetic calorimeter structure.

Fig. 3. INNER ECAL module structure.
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ensured by 0.12mm stainless steel bands pre-tensioned and
welded to front and rear steel lids.

The light produced by scintillators was collected by nine
1.2mm diameter KURARAY-Y11 radiation hard wave-
length-shifter (WLS) fibres penetrating the entire length of
the cell, and transported to the RO photomultipliers
window. Holes of 1.5mm diameter for the WLS fibres
were arranged on a square uniform lattice. Fibres for each
cell were bound together, polished and coupled to their PM
through 1mm air gap. At the front of the cell, fibres were
cut and aluminized. Radiation tests of module parts
showed that light-yield (l.y.) loss under irradiation did
not exceed 20% at acquired dose of 50 kGy [6].

The 25 PMs, together with power supplies, were
mounted inside a rigid aluminum housing at the rear of
the module. The front surface of the module was closed by
the printed circuit board (PCB) of the monitoring system
equipped with 25 Light Emission Diodes (LEDs) faced to
the central fibre of each cell. The light from LED was

injected into WLS fibre through the small hole drilled in
the centre of aluminized fibre edge.
The average amount of light produced in the INNER

ECAL cells was equivalent to �130 photoelectrons (p.e)
per 1GeV of deposited energy.

2.3. The MIDDLE and OUTER sections

A MIDDLE ECAL module is shown schematically in
Fig. 4. The main differences with respect to the INNER
were:

� the absorber/scintillator stack consisted of 37 layers
each made of a lead absorber plate 3mm thick and
scintillator tiles 6mm thick, corresponding, in total, to
20X 0;
� each of the four cells in the module housed 18 U-shaped

WLS fibres inserted into the holes of the scintillator/
absorber stack;

ARTICLE IN PRESS

Table 1

HERA-B ECAL parameters

INNERMOST/INNER MIDDLE OUTER

Channels 2100 2128 1728

Cell size 2.23 cm 5.59 cm 11.18 cm

Absorber W–Ni–Fe alloy lead (Pb) lead (Pb)

Radiation length ðX 0Þ 0.558 cm 1.675 cm 1.675 cm

Equiv. Molière rad. 1.24 cm 4.15 cm 4.15 cm

Depth 13 cm (23X 0) 34 cm (20X 0) 34 cm (20X 0)

Volume ratio W:Sc ¼ 2:2 : 1 Pb:Sc ¼ 1 : 2 Pb:Sc ¼ 1 : 2
WLS Kuraray Y-11 BCF-91A BCF-91A

Light yield (p.e./GeV) 130 800 1300

PM type R-5600/FEU68 FEU-84-3 FEU-84-3

LED (wavelength, nm) Marl (450) L934SRCB (660) L934SRCB (660)

Max. radiation dose (kGy/year) 50/20 4 1

at shower-max

Fig. 4. MIDDLE ECAL module structure.

G. Avoni et al. / Nuclear Instruments and Methods in Physics Research A 580 (2007) 1209–12261212
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HERA-B Calorimeter (continue)

Parameter Inner Middle Outer
Channels 2100 2128 1728
Cell size 2.23 cm 5.59 cm 11.18 cm
Absorber W-Ni-Fe Pb Pb
X◦ 0.558 cm 1.675 cm 1.675 cm
Moliere 1.24 cm 4.15 cm 4.15 cm
Depth in X◦ 23 20 20
Volume Abs/Sc 2.2:1 1:2 1:2
WLS Kuraray Y-11 BCF-91A BCF-91A
p.e./GeV 130 800 1300
krad/year 5000 400 100
σE
E

0.21√
E
⊕ 0.012 0.12√

E
⊕ 0.014 0.11√

E
⊕ 0.014

σX , Y cm 1.25√
E
⊕ 0.022 1.37√

E
⊕ 0.028 2.17√

E
⊕ 0.028
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KOPIO Calorimeter

tile exposed to collimated 90Sr electrons. For comparison,
the simulated light collection efficiencies are shown. One
can see that there is consistency between the optical
simulations and measurements. Further improvement
could be achieved if Millipore paper with reflection
efficiency of 90% were used [11].

2.3. WLS fibers

A main concern about the WLS fibers for the Shashlyk
readout is the light attenuation length in a fiber. Long-

itudinal fluctuations of electromagnetic showers are about
3–4cm (one radiation length). The effective attenuation
length in fibers, including the effect of the fiber loop and the
contribution of the short-distance component of light, must
be greater than 3–4m to have this contribution to the energy
resolution be much smaller than the sampling contribution.
We have measured (see Fig. 4) the light attenuation in

few multi-clad WLS fibers using a 1� 1 cm2 wide muon
beam penetrating the module transversely.
The effective attenuation length of 3.6m in Kuraray

Y11(200)MS fiber satisfies our requirements. In comparison

ARTICLE IN PRESS
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Fig. 1. The Shashlyk module design.
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NIMA 584, 291 (2008)

with other fibers, this commercial fiber also provides the best
reemission efficiency of blue scintillation light, and has
excellent mechanical properties, high tensile and bending
strength, and high uniformity in cross-sectional dimensions.
For example, its light reemission efficiency is a factor of 1.5
larger than that for tested Bicron WLS fiber, and the
diameter for any round fiber is more uniform than others in
that it varies by no more than 2.0%.

2.4. Scintillator

An important contribution for the improvement of the
photo-statistics over earlier designs of Shashlyk modules is

the use of new scintillator tiles with an increased light
collection efficiency. An optimization of the light yield of
the scintillator tiles for the KOPIO Shashlyk modules has
been developed and carried out at the IHEP scintillator
facility (Protvino, Russia) [9]. In the previous Shashlyk
calorimeters, scintillator based on PSM115 polystyrene
was used. The new modules employ BASF143E-based
scintillator.
Though there is no actual increase in the amount of light

produced by a charge particle, the light collection efficiency
in the new scintillator tile has a gain by a factor of 1.6.
Because the index of refraction for the polystyrene-based
scintillator is 1.59, only light from total internal reflection
on the large side of the scintillator tile can be captured by a
WLS fiber. The total internal reflection efficiency can

ARTICLE IN PRESS

Fig. 2. The Shashlyk modules at different stages of assembly.

Table 1

Parameters of the improved Shashlyk module

Transverse size 110� 110mm2

Scintillator thickness 1:5mm

Spacing between scintillator tiles 0:350mm

Lead absorber thickness 0:275mm

Number of the layers 300

WLS fibers per module 72� 1:5m ¼ 108m

Fiber spacing 9:3mm

Hole diameter (lead/scintillator) 1.3mm

Diameter of WLS fiber (Y11-200MS) 1.0mm

Fiber bunch diameter 14.0mm

External wrapping (TYVEK paper) 150mm
Effective radiation length, X 0 34.9mm

Effective Moliere radius, RM 59.8mm

Effective density 2:75 g=cm3

Active depth 555mm ð15:9X 0Þ

Total depth (without photo-detector) 650mm

Total weight 21 kg
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KOPIO Calorimeter (continue)

Cell size 11 cm
Absorber Pb 0.275 mm × 300
Scintillator BASF143E 1.5 mm
Hole 1.3 mm
Fiber 1.0 mm Y11-200 MS
Fibers/module 72×1.5 m
Fibers bunch OD 1.4 cm
X◦ 3.49 cm
Moliere 5.98 cm
Density 2.75 g/cm3

Depth in X◦ 16
Total depth 65 cm
krad 100
APD API OD=16 mm QE=94%
p.e./GeV 60000
σE
E

0.028√
E
⊕ 0.020

σt , ps 72√
E
⊕ 14

E

E.Chudakov Oct 31, 2008 Calorimeter for Large Acceptance PVDIS 19


	Outline
	Main Talk
	Motivation
	Apparatus
	Requirements and options
	Solenoidal Large Intensity Device (SoLID)

	Calorimeter Options


