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EM
Cal Blocks

Aug 2-4, 2017

•
this covers the absorber 
blocks for the EM

Cal 
•

density and block 
uniform

ity to achieve 
15% / √E energy resolution 

•
block dim

ensional 
tolerances to enable 
blocks to fit together w

ith 
m

inim
al gaps
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EM
Cal blocks technical overview

blocks m
ade from

 m
esh/fiber 

assem
blies and tungsten pow

der cast 
w

ith epoxy 

density ~10 g/cm
3 

blocks have diam
ond fly cut end for 

optical transm
ission to read out 

each block has 4 tow
ers 
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EM
Cal block scope 

•
filling m

eshes w
ith fibers 

•
casting of blocks from

 raw
 m

aterials 
•

finishing the block outsides 
•

filing aw
ay m

esh edges 
•

diam
ond cutting front and back for light transm

ission 
•

tests of dim
ensional tolerances 

•
check of block light transm

ission 
•

packing and shipping blocks to BN
L

4
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EM
Cal block production m

anpow
er
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•
CAM

/L3: Anne Sickles assistant professor 
•

scientific supervision: Caroline Reidl (research scientist)  
•

supervised factory for CO
M

PASS D
C production in U

rbana,  
•

currently technical coordinator for CO
M

PASS  
•

w
ill return to U

rbana in ~1 year for this project 
•

postdoc: Yongsun Kim
 scientific supervision and record keeping 

setup 
•

technical supervision: Eric Thorsland 
•

lead technician for N
uclear Physics Lab in U

rbana 
•

~30 years experience in w
ide variety of physics instrum

entation 
including calorim

eters for g-2 (BN
L and Ferm

ilab both) 
•

additional technical and student labor 
•

group has built 2 W
/SciFi prototypes for sPH

EN
IX test beam

s 
including first 2D

 projective blocks over the last ~3 years
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Key M
ilestones

To
tal C

o
st

F
ix

e
d
 C

o
st

L
ab

o
r

M
ain Cost D

rivers: 
      W

-Pow
der: $2.225M

 
      Scintillating Fiber: $1.28M

Block production drives the 
EM

Cal assem
bly schedule and is 

on the critical path     
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•
Schedule is being driven by the production of absorber blocks at U

IU
C. 

•
This is in turn being driven by the filling of the fiber assem

blies. This w
ill be 

done by students that are m
ainly available during the sum

m
er academ

ic break. 
•

W
e m

ust m
ake use of the sum

m
er break period in 2019 to create a stockpile of 

fiber assem
blies so that full scale production can begin in early February 2020. 

•
This requires ordering sufficient fiber and screens (~ ½

 the total order) in early 
2019 such that they w

ill be delivered by spring of 2019 and available for m
aking 

fiber assem
blies in the sum

m
er of 2019.

Start of block production (2/3/20)

•
2.2 hrs/block 

•
7 hrs/day, 5 days/w

eek 
•

10 students 
•

10 w
eeks over sum

m
er

CD
-3a Procurem

ent  (1/23/19) 
•

½
 fiber order - $640K 

•
Screens - $176K

Fiber assem
bly schedule

    To
tal: $

8
1
6
K

  

Filling fiber assem
blies

su
m

m
e
r 2

0
1
9

su
m

m
e
r 2

0
2
0

w
in

te
r 2

0
1
9
/2

0
2
0

preproduction prototype construction in FY18 w
ill 

decrease the the uncertainty tim
e estim

ate
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Exam
ple: EM

CAL M
odule Production - M

aterials
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Status and H
ighlights
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factory in U
rbana taking shape
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Fig.23.
C

luster
energy

vs.verticalhodoscope
in

the
EM

C
altow

ers
produced

atU
IU

C
before

and
after

the
position-dependentenergy

correction
is

applied.
The

beam
energy

show
n

is
12

G
eV

w
ith

an
incidentangle

of
10

degrees.D
ata

is
show

n
prior

to
unfolding

a
beam

m
om

entum
spread

(�p
/p

⇡
2
%

).
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Fig.24.
Linearity

and
resolution

of
electron

show
ers

in
EM

C
altow

ers
produced

atU
IU

C
and

TH
P,for

w
hich

a
2.5

⇥
2.5

cm
2

beam
cross

section
is

selected
and

m
atches

the
area

of
one

EM
C

al
tow

er.The
beam

incident
angles

are
10

degrees
(blue)

and
45

degrees
(red).D

ata
(points)

are
fit

w
ith

linear
(left

solid
curves)

and
�
E
/
E

=
p

a
2
+

b
2/

E
function

w
ith

results
labeled

on
plot

(right
solid

curves).
A

beam
m

om
entum

spread
(�p

/p
⇡

2
%

)
is

unfolded
and

included
in

the
resolution.

deviates
system

atically
below

the
nom

inal
beam

energy
due

to
back

leakage
from

the
calorim

eter
m

odules.

A
n

im
portant

function
of

the
EM

C
al

in
sPH

EN
IX

is
to

provide
electron

identification
and

hadron
rejection

forcharged
tracks

via
a

m
inim

al
E
/
p

cut.
A

s
show

n
in

Figure
25,

the
hadronic

com
ponent

of
the

test
beam

that
is

spread
over

an
area

of
2.5

⇥
2.5

cm
2

is
selected

to
quantify

the
hadron

rejection
in

the
prototype,

w
hich

is
com

pared
w

ith
various

sim
ulation

tunes
of

G
E

A
N

T4
physics

lists
[26]

and
B

irks’
constantfor

scintillator
non-linearity

[27].The
hadronic

beam
particles

are
selected

by
requiring

no
activity

in
the

beam
-line

C
herenkov

detectors,
w

hich
are

tuned
to

produce
C

herenkov
signals

on
electrons

but
not

on
hadrons.B

ased
on

Figure
14,

the
expected

m
uon

com
ponent

in
the

beam
is

sim
ulated

and
statistically

subtracted
from

the
cluster

energy
spectrum

.
The

resulting
EM

C
al

cluster
energy

spectrum
for

hadrons
is

integrated
from

various
cutvalues

to
the

m
axim

um
energy

in
order

to
estim

ate
the

num
ber

of
hadron

events
w

ith
cluster

energy
larger

than
the

cut.
Its

ratio
to

the
total

num
ber

of
hadron

events
is

plotted
as

inverse
of

the
hadron

rejection
versus

m
inim

al
cluster

energy
cut

in
Figure

25.
This

hadron
sam

ple
containsm

ainly
⇡

�
.The

kaon
contentisexpected

to
be

very
sm

all,about1%
ofbeam

contentathigherm
om

enta
(20-

30
G

eV
/
c)

[24],and
low

er
at

low
er

m
om

enta
(4-12

G
eV

/
c)

due
to

the
decay

of
kaons

in
flight.

N
evertheless,

for
the

com
pleteness

of
the

study,
both

⇡

�
and

K

�
are

sim
ulated

and
com

pared
w

ith
the

data.The
resultw

ith
beam

m
om

entum
of

8
G

eV
/
c

is
show

n
in

Figure
25

as
a

typical
result,

w
hile

this
study

is
perform

ed
in

a
negatively

charged
hadron

beam
m

om
enta

of
4,8

and
12

G
eV

/
c.A

ll
sim

ulation
tunes

repro-
duce

the
rejection

for
rare

high
energy

hadronic
show

ers
in

the
EM

C
alw

ithin
a

factor
of

tw
o.M

eanw
hile,the

sim
ulation

1D
 projective m

odules, 1704.01461

2D
 projective m

odules tested in 
February, analysis ongoing!



Issues and Concerns

•
EM

Cal block production is on the critical path 
•

preproduction prototype experience w
ill im

prove 
labor estim

ates 
•

procurem
ent delays an issue 

•
schedule relies on CD

3A funding for fibers and 
m

eshes $800k in early 2019 to use student labor in 
the sum

m
er 2019
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