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BigBite Spectrometer

General Description

BigBite characteristics
Configuration Dipole
Momentum range 200 — 900 @
Momentum acceptance —0.6 < %" <0.8
Momentum resolution 4 %1073
Angular acceptance ~ 100 msr
Angular resolution ~ 1 mr
Flight path (during (e, e’d)) ~3m
Maximum Field 0927T

BigBite Hadron detector package
@ Two MWDCs for tracking

@ Each MWDC consists of 6 wire
planes u,u’,v,v' x,x'

@ Two Scintillation planes E/dE
for particle Identification &
Energy determination
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BigBite Optics Calibration Approaches

Quick Description

The main purpose of the optics calibration is to determine the
target variables (y75, ¢ 75,075, 07z) from the focal plane variables
(XEps OFp, YFp, ®Fp)- There are many different ways to do that:

@ Different Analytical Approximations
o THaOpticsAnalytical, THaVertexTime - Circular arc
approximation
e THaOpticsAGen - Effective-midplane approximation
@ Transport matrix formalism
o THaOpticsHRS

é‘Tg <6Tg‘XFp> <5Tg|9FP) c o XFp
9Tg _ <9Tg|XFp> <9Tg‘9Fp> : te 0Fp 4.
YT e - (v1elye)  (yTelPrp) YFp
o7z - e (b1elyep)  (PTeldm) DFp
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Analytical Model THaVertexTime
Pros & Cons

@ Very simple

@ Only few parameters

@ Resolution is =~ 2 — 4%
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Transport Matrix Approach
The Standard Approach

@ For BigBite the same matrix structure as for the HRS is being
used.

7
{5Tga eTga ¢Tga }/Tg} = Z 0;—'py'/l-‘p¢lli'p Z azxﬁp
ij,k z=0
@ Until now the matrix elements were determined by a
semi/automatic method. Various scatter plots were used to
determine how target variables depend on the focal-plane
variables. So far we considered only two-variable
dependencies.

org = O1g(xmp,Orp), 015 = 075 (xFp, OFp)
Y1g = YTg(pr>¢Fp)> ¢Tg:¢Tg(YFpa¢Fp)

© At the moment the second iteration of the matrix element
determination is being done.
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Current Transport Matrix
01z and y7z Matrix Elements
[matrix]

These matrix elements work DOOO -0.0062 =-0.9545 1.1391 0.0000
reasonably well. 00 3.3909 -7.6819 7.7660 0.0000

00 11.7304 -19.2305 21.1691 0.0000
00 14.3041 -8.6769 3.5387 0.0000

D1
D2
D3

| A\
-
o
o
o
o

¢1g Matrix Elements
.0106 -0.4968 -0.1145 0.0000

.4910 0.1213 -0.4243 0.0000

-
[
(=}
o
o

Not determined yet. Using
assumption that BigBite is an
ideal dipole: ¢z should be

o
o
o
e
[ure

.0000 0.0000 0.0000 0.0000

equal to ¢g,. In this Y000 -0.0321  0.0000 0.0000 0.0000
i ! Y010 -1.0241  0.0000 0.0000 0.0000
approximation <¢Tg‘¢Fp> =1 Y020 -0.4919 0.0000 0.0000 0.0000
Y001 2.8075 0.0000 0.0000 0.0000

. Y011 0.7202 0.0000 0.0000 0.0000

7z Matrix Elements Y021 -0.7153  0.0000 0.0000 0.0000

We have only poor 15t order
approximation for 015.
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Sieve slit #1

First reconstruction

BigBite Sieve Slit
@ A 3.5cm sieve during (e,e'd)

md,u Tm—

@ Most of the holes already visible

@ Some are out of the acceptance
(covered by Helmholtz coils)

1.17*BB.trtg_th:(BB.trtg_y + 1.17* BB.trtg_ph) {(DL.evtypebits832)==32} |

0.3

Collimator X

.3
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Sieve slit #2

A lot of work still needs to be done

Comparison of reconstructed hole positions with true positions
| 1.17*BB.trtg_th:(BB.tr.tg_y + 1.17*BB.tr.tg_ph) {(DL.evtypebits&32)==32) |

0.4

0.3

0.2

0.1

A dojewnjjod
o

- 7\ L1 L1 | A\”I -\.‘\. “ L1 | \ 1 Vf‘ L L L L L l L Ll L L1 1
e 4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
Collimator X
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More Results

BigBite Momentum vs. Raw Coincidence time

3He(&, €'d) Production run #2294, Epeam = 2 GeV )

BB.tp.p [GeVic]

00
DL.T3 [ns]
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YTe reconstruction

Used carbon runs because with these runs we cover a larger
portion of the BigBite Focal plane.

hFpPh_TgY hFpPh_TgY

Entries 437074

03 2 002198

Meany 00817

RMSx 0.06075

RMSy 01324

B> N~ S~ S —

=)

& React.z*sin(75) o

=

-0.2

=TRTH FRRTH I ilienlnn i
-0.25-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25
BB.tr.ph

First determine how y7, depends on ¢f, for
different values of yr,. For each narrow cut on
YFp We can find:

., y1e(0r) = c(ym)dr + colye)

Determine how c¢; depend on yg,:

¢i(ym) = d;zyﬁ,, + diixpp + di3

Parameters dj; are matrix elements for yr,.
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YT reconstruction results #1

o 12C(e, €'p) run #3491 with 7-foil target: o7zy ~ 1.5cm J

22/ ndf 244.4128
1500 r Prob 2.037¢-36
: 2000 L Constant 2146+ 149
L React.z*sin(75) L Mean  0.0008671+ 0.0000853
[ [ Sigma  0.01473:0.00009
1000 1500
I n 1000}
500 [
Yy y M M
0 JJ L 0 M L L L L L L g

-0.2 0.0 0.2
BB.tr.tg_y [m]

-0.2

0.0 0.2
BB.tr.tg_y - React.z*sin(75) [m]
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YT reconstruction results #2

@ 3He Production run #2294: o1gy ~ 1.7cm J
2500 21 ndf = 3.334e+04 | 297
r L Prob o
r 8000 [ Constant 82821 27.3
2000 L r Mean  -0.001956£ 0.000041
I React.z/sin(75) L Sigma 001729+ 0.00004
1500} 6000,
L 4000
1000_ BB.trtg_ y L
500: W-ﬂ 2000
o2 a0 o2 0= 0.0 0.2
BB.trtg_y BB.tr.tg_y - React.z/sin(75)
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01y reconstruction
. Step No.1

Entries 80112 i &
oar s 8012 F_lrst determine how ¢7, depends on 0f, for
i wmyazsly - different values of xg,. For each narrow cut
i RMS x 0.1127 .
o8 misy 02|l ON Xpp Seek for a polynomial:
r : Fp poly
0.4 ; 5
: 2 01g(0r) = a3(xm)0p, + a2(xmp)0F, +
0.2
il ol al(pr)HFp + aopr)
3o
= N —80
-0.2_— _60
sl Determine how a; depend on xg,:
i 0
[ For All BB.trx 5
0.6~ 0 ai(xpp) = biaxg, + birxep + bis
_Mi...\..m..\.H|‘..\...|...\..‘

08 06 04 02 0 02 04 06 08
BB.trth

Parameters bj; are matrix elements for d7;.
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Deuteron Selection

2000

@ For the calibration 1%- and
2"_pass H runs and
2"_pass 2H runs at different
pEB. ., =0.37GeV/c and
0.5GeV/c were used. For

these runs g = ﬁg‘gmn.

dE.ADC [channel]

3000
E.ADC [channel]

Problem
How to isolate deuterons from

protons in 2H runs?
N
/ = "MM Deuterons
@ Cuts on the dE/E plots: = T e
Calculating distance from J Protons
. . 10
the main band and selecting =
the events on the positive ] _
1000 500 r': —H)
Distance From the Central Line [arbitrary units]

side.
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5Tg reconstruction results
Hydrogen Results

20000

6000

4000

2000

@ Elastic hydrogen run #3488 at Epeam = 2 GeV:

0.4 06

i
0.8
BB.p [GeV]

005 010
BB.rp - q [Ge)

¥ ndf 2267125
Prob 2019034
Constant 6612+ 27.1
Moan  -0.01187 +0.00004
Sigma 001295+ 0.00004

6000

a000f—

2000

i ol

05
BBirp(GeV]

02 00 02
BBirp-q[Gev]

Matrix seem to be working reasonably well in the wide momentum region
between 300 MeV /c and 600 MeV /c.
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01y reconstruction results

Deuteron Results

@ Elastic deuterium run #2164 at peeptras = 0.5 %:

20—

150

2 indt
Prob

Constant

Sigma

Mean 00009094 00003125

10071162
o057
192433

002342 00003

0
B8.11p [0eV]

@ Elastic deuterium

run #2167 at peentrar = 0.37

7.
Birp-a[ooV)

0=
! 200
qf 1 ndr 20351131
150 Y | e sammect
| Consat 1508221
Mean 0010735000034
100~ 100
BB.tr.p Sigma 002288000030
50 l\h
i NMK} _J/ | \.
82 3 6 57 00 %3

[
BE.rp [GeV]

BBIrp -q[GeV]

P—q ~09
9~ 0%
~ MeV
Op—g =~ 23 =2
GeV .
- -
P—9q ~ _|_3%
q
~ MeV.
O'i,*,a ~ 23 G

Matrix works for both momentum settings of the BigBite.
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dE /E as alternative momentum reconstruction

Background

@ ADC signals from the dE and E planes can be used for particle ID
as well as for the estimation of the particle momentum using the
Bethe-Bloch equation:

(dE) 7Zz2 1 4]
a= x == .
dS ) gethe—Bloch A p?

@ Since plastic scintillators are used, Birks formula needs to be
considered for the Light output of the scintillators:

dE
(dL> A (&)
ds Mean 1+ kBi’ks (%)
@ Adjusting Age, Ag and kgj«s we can fit a theoretical curve to our

data. In this way we can estimate the momentum of the events at
different regions of the dE/E plots.

Exact calculations of momenta is impossible due to straggling, path-length
distribution, etc.
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dE /E as alternative momentum reconstruction

A good example

e Elastic Hydrogen run #3488 at £, = 2GeV, pp, =~ 450 @:

r ' =70

2000

2000/

Fos —60 1000}

1500

3
c
€
©

E=

A

o L

Q

<

u

L

— 50

7
EdEp (GeV]

—40

2 Twdt Tots7324 | |
o

—30 Prob

Constant 1199461
Mean

1000 Sigma _0.01845+ 0.00007

20

10 \
0 j o

|
%z Ex 00

300
E.ADC [channel]

2000

o7 02
BB.EAEp - q [GeV]

this example: 2=9 ~ 47 %, op—g~ 19 @

For a rough approximation,the method seems to work reasonably well forJ
q
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dE /E as alternative momentum reconstruction

A bad example

e Elastic Hydrogen run #1518 at E, = 1 GeV, p, ~ 340 MV

2000

dE.ADC[channel]

1500

2000

J\\\\

1000

500

o

] 3000
E.ADC [channel]

8z EX) 0.0 5) 0.2

Problem

Near the punch-through point all points correspond to the same mean
energy-loss i.e. to the same momentum. Consequently an artificial sharp
peak appears at the P.T.P.
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Conclusion and Outlook

Conclusions

@ Problems with Analytical model - Work in progress.

@ First attempts to determine the matrix elements look promising.
@ We can already see a sieve slit.

@ Resolution is not yet good enough.

@ Try to make analytical model work.

@ Determine matrix elements for ¢7, and 07;.

@ Find higher-order terms for all target variables and consider more
than two-variable dependence and increase the resolution.

@ Incorporate particle Energy-losses.

@ Include path length into the matrix.
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Thank Youl

The End
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