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Outline

- Physics motivation
- The 914 (HD-ice) experimaent
+ The reactions ¥ p(n) —n" «° p(n) and ¥ n(p)— "' n(p)

- The single polarization observable |° and the double polarization

observable P2
- The reaction y p(n) . p° p(n)

- First attempt to extract the double polarization observable E



Experimental goal: unravel the nucleon spectrum
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Motivation

aa Deep Inelastic Scattering
oe ¢'¢ Annihilation

¢ Hadron Collisions

®® Heavy Quarkonia

=QCD «as(M2)=0.1189+0.0010
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Other approaches are needed: - LQCD
»Constifuent quark Model

asymptotic freedom

PQRCD



Where Have All Resonances Gone?

Discrepancy between predicted and

experimentally observed states:
"MISSING RESONANCES PROBLEM"

Theoretical models: Experiment:
other a

roaches alternative to

strong probes:

Where Have All the Resonances Gone? An Analysis of Baryon Couplings The missin g9 s fates may be weakl Y
in a Quark Model with Chromodynamics

Roman Koniuk and Nathan Isgur coupled to channels where the pion 1s
Department of Physics, University of Toronto, Tovonto, Ontario M5S1A7, Canada

(Received 26 November 1979)

tn the witial and final states
This paper reports on the results of an extensive analysis of baryon couplings In a

quark model with chromodynamics., The amplitudes which emerge from the analysis re- N

solve the problem of “ missing” baryon resonances by showing that a very large number b“f ILL\-Q_'j W‘ﬂ_’j b-Q OBSQYV-QA th Ofl’l-QY
of states essentially decouple from the partial-wave analyses; those resonances which

remain are in remarkable correspondence to the observed states in both their masses CL\GMVIQ(S

and decay amplitudes.

Thick segments: theoretical prediction

shadowed boxes:experimental results

Vorume 44, Numsex 13 PHYSICAL REVIEW LETTERS 31 Maxcu 1980
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Polarization Observables

Y+ N> +7  +N

: 1 1
SPpin states: S 0 *5

do

do. o0o{(1+ A - Pz)+6o(I° + A, - PY)} Running conditions:

circularly polarized photons

longttudinally polarized target
‘ot measuring the recotl

polarization



Polarization Observables
Y+ N—=aT+7" +N
Spin states: +1 :l:% 0 iﬁ

do
dx;

=00{(1+ A, Pz)+5o(I° + A, - P?)} 3 possible polarization

observables
S P

v
farget asymimetry  beam-helictty  Loam-target for fwo-pPion pPhotoproduction
helicity difference

P _ 1 [N(—»=)+ N(<=)] = [N(—<«<) + N(+<«) — .foealfv\.
° A [N(==)+NE=2)]+ [N(=<)+ N(+<«) orientation
70 1 [N(==)+ N(—=<)] - [N(+=)+ N(«<«)
do [N(==)+ N(—=<)]+ [N(+=) + N(+<«) target
po_ 1 [N(==)+ N(+<«)] = [N(=<«) + N(+=)] ortentation
> Ao [N(==)+ NH<)] + [N(=<) + N(+=)]



c integr., nbn

Polarization Observables
Y+N s 4+7" +N

30 H
' Q2=0.65 GeV? $
] o,/ .
25 | : it s the final states of
205 several possible reactions

I 27 direct :

15F “*'°¢ — '
: _—~ :
: /" , .""/ . '
v TA* || A

or TN ) disentangled For
¥ S \ [P .

sb— T electroproduction
o= i by V. Mokee/

75 1.8
W, GeV

by V. Mokeev (TLab-Moscow model)
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Polarization Observables

y+p—p’p—atnp

YHDP PP TTT P s rho photoproduction

y+p—=am ATt s atrTp S~

y+p—oainp -7

_dO’ o dO’() .
dQ aq (L~ A00E)

beam-target helicity difference



Summarizing...

Which are the experimental

requiremaents?

PO{aYlZ-QO( beam G,'Iq, .QXPQY'I.W\-Q“{'

+
CEBAF accelerator

polarized targef

profon and neufron fargef to

nvestigate (sospin dependency



Expertmental Sefup
Superconducting Torus Magnet

Cerenkov
Counters

\\

oo Electromagnetic
ToF Scintillator Counters .
Calorimeter
] Tagg { “9 Sgs ILQW\ 5 Recirculation Arcs /x
_— _‘_M‘??net retum yoke sione / /‘ \
: 7 . st T 816 GV Linas .f= ‘ Central Helium Liquefier
1 . \ B /Flux Return Yoke 45 MeV ' /
X LY Injector < , 0.6 GeV Linac

Focal Plane,

384 Front
3 Counters
(— energy) N . Extraction
. . = element
-4 48 Backing :
Counters N S ~
(— timing) A R N
5 KE=095 080] [o 30 End Stations
E. = Ey— E. CEBAF
o el R L1 | || — Hall B: The CLAS detector




i ) Circularly polarized photons

+ Produced via Bremsstrahlung of Photon Energy Spectrum
longttudinally polarized electrons :
From a gold Foil radiator (10°% X,). o0}

- CEBAF electron beam polarization -
>85% (Mgller measurement) ﬁ

+ Photons have a degree of circular

polarization proportional to the

longttudinal polarization of the

electron beam.

S o
.= 0 0.2 0.4 0.6 0.8 1
Q

Photon energy x=E,/E,




HD frozen-spin target
Al 137 Kel-F 6%

I o I
l{nfm/il y gﬂﬁfl’”)ﬂ >
=1 —— e
6.3 days % - Para-D; Gnrmlh 220\.
86 K (ysanti-sym) - — |_ — /
. S 0.2 18.6 days
Vv Para-H, 3* ‘;“; ‘ $ = ‘t ' $$ ﬁ’) Ortho-D, JL
(s anti-sym) H_ HD Dg (As sym)
HD-lce 377 by A. Sandorf

- Kel-F assures low permeation, good
Cu ving with RH/UH threads ¢l=F assures low permeafion, goo
thermal, chemical and mechanical

O e shell resistance, do wot add background to
~ r"““‘"""‘;:'mmmlm = NMR measurements
I : K _ r'\i""”“T | - Al wires allows to conduct out the
£ = ::i;"f‘:w:fi’ : heat produced during polarization and

I =274 . photonuclear nteractions

97 mm



Neutrons (Mis)identification

Cousidering the reactions ¥y n— n* wn and y u — ©* (1) we Found that i
many cases the direction of detected neutrons doesn t match the direction of the

expected ones, ADP AHP
/ “g00d" ém"j / “g00d"

neufrons ) profons

Counts
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wo Magnetic

4000 'Fle[d
v 2
2000
ot 1 —1-’|/. PR 0 - i
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Due to mefficrencies of the Drift Chambers some protous are misidentified as neutrous




Neutrons (Mis)identification: angular distributions

neutrons

0" vs. ¢"
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Neutrons (Mis)identification: good event selection

selection criteria: scintillator counter
hits used as vetfo for charged particles

n the electromaguetic calorimeter

B | Entries 780959
[ : Mean 2.842
25000 _ ................................ ........................... e RMS 13 09
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5000 S S S N S Lo SO -ﬁg_ ................................................
0% i

-60 -40 -20 0 20 40
Aeneulron [deg]



Event selection: z-vertex cut

A0° sesproions by F Klein 2 0 Entries 4800105
C 0.02 Entries332 3 i : Mean -6.146
120 — i o Jl RMS 5.106
100l | | Entries 2717730
C Mean -7.961
go_ 00180cm RMS 1.136
- Eam\ 325 selected events
60—_ 0.0050 cm [
0.0048 cm Al
40— 0003cm A 00048 cm
20— / /
3 30
Actual 7 positions: ~27.3—
; ~23.3-] ; :
sson]
[ +6.04cm PR P - TP o TR |
BN 10 20 30
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+18.99 cm
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\\\ : . \[~~
1\\ —
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: —— ' /-
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Cut on the computed vertex of 20000
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[ncident photon 1dentification

AT [ns)
W

The actual photoun 15 identified as the one

whose time s closest to the event vertex

N
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Charged particles 1d

To timprove the tdentification of the charged
particles tmposed a cut on the AB distributions:

AB = Bror — By BTor measured from the time-of-flight

Bp calculated from momentum

pathpc ts the pion or proton path from the
tnteraction vertex to the scintillator
Brop = pathpc counters fraded by the drift chambers
C - Ttof T1or 15 the fime measured (v the
e scintillator counters
c ts the [ight speed
3 P

p— ‘ ‘ p (s the profon or Pions momentum P
D2 + m? - -
P 'PDG  mppg (s the nominal mass

&

|
|

o
~ - . " o
e e e S A
Hediy "

&
S




Nucleon Missing Mass cuts

A cut is imposed on the Missing Mass MM(r* ), to make sure that ouly the three

particles ntnp and nfnn were produced tn the reaction.

counts/o Mev

x103 .
Enmes 1821108 > 30000 — Ertes g
_ - Ve 1,048 2 ! ‘ bt 0280
120- f m?" _0 22.18 © I f g | st 54511 133
~ Profoun ﬁ X men g L heurron -J—
L p0 1.3066+04 + 1 4450402 S 25000 o 03040 + 0000
pt 026120002 8 | o) 1848+ 0001
1w ) 1873+0001 :5 _11:.'-,:'4
»s 7978+92 o5 0 8428 ¢ 9 0001
P 0.53812 00000 | o 1800+ M4
3 QL2718 20mx)i = 1905+ 0001
- ) 11740001 |
0 |
15000/
60 I |
| 10000 l
40 | |
\ | 99 \
50001 ‘\ N
20 } / . - -
\! t / / \ \\
\
/ N—_ | Y X~ ~_
I }.-1-:1—‘\. T———— a % i =37 ==
%T —— o8 08 15 ~ T 8 2 04 06 08 T 1 12 14 16 18
+
T MM (r*re) MM ()
neufron
profon N\ D
MPrefoop PDG

Selected a region of 200 MeV (320 MeV/) window around the PDG nucleon mass for
the proton (neutron).



Extraction of the Polarization Observables: angles definition

Relevant variables for the extraction of the polarization observables:

For the fwo-pion photoproduction:
- el (or 4>,) 15 the azimuthal angle of the ntin the rest frame of the nin”
system,

For the rho vector meson photoproduction:
0" (s the polar angle of the nwn™ pair tn the CM system.




Polarization Observable |©

Extraction of [“fFor the reaction yp(n)— n*rp(n)

04
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S. Strauch Phys. Rev. Left.
95 (2005) 162003

S. Park’s CLAS NOTE
2013-012

Fix. and Arenhoevel

Eur. Phys. J. A 25 115 (2005)



Polarization Observable |©

Extraction of ["for the reaction yp(n)— ntnp(n)

s Ey=1000 MeV (W=1650 MeV) E, =1200 MeV (W=1750 MeV) | Ey =1400 MeV (W=1850 MeV)
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Polarization Observable |©

Extraction of | “For the reaction y

n(p)—n*rnn(p)

E, =1000 MeV (W=1650 MeV)

E, =1200 MeV (W=1750 MeV)

E, =1400 MeV (W=1850 MeV)

-0.3
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<
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‘11..

-

TIT7T
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F S
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100 150
+hel
TT

.....................................

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

First measurement of the beam-helicity

asymmetry tn the yn — ' n reaction




Polarization Observable P

Extraction of Pz for the reaction ¥p(n)—r*tnp(n)

-

E, =1000 MeV (W=1650 MeV) Ey =1200 MeV (W=1750 MeV)

E, =1400 MeV (W=1850 MeV)
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£ 900 9. 9.9 '8 3.9 -
-100 -50 0 50

]
HD-ICE target
FROST target

® 91% data
A 99 data

— MAID nr

model




IM(r*p) [GeV]

[dentification of the reaction y

1) SELECTION: IM(re*p) 1.3 GeV and IM(rp)

Goal —» disentangle the reaction:

y o— PPp—m*mTp

From the three concurrent reactions:
b’ p—» T[‘A++—>7l'+7l"p

100

50

M) [GeV]

IM(Tt* 1) [G;V]

p(n) — p°p(n)

>1.3 GeV
(M(re*r) spectrum

RMS 0.1783

12 14

Il‘\/l(n"n‘) [GeV]

04 086 08

Tt rires L
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Meany 149
LT 019
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| )

12 14 16 18 2



la(em/'ia{‘w of the reaction yp(n) — p°p(n)
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l[dentification of the reaction yp(n) — p°p(n)
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l[dentiFication of the reaction yp(n) — p°p(n)

3) SELECTION: cut on E,51.3 GV
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Polarization Observable E

0.6

Extraction of € for the reaction yp(n)— p°p(n)

E, =1400 MeV (W=1850 MeV)

E, =1600 MeV (W=1950 MeV)

Ey =1800 MeV (W=2050 MeV)
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+ First measurement of the beam-target

helictty difference



Conclusion and Future Perspectives

X p—> 1t W p analysis:
‘“and P2 have been obtained. Good agreement with previous

expertments

X h —> " 1 _n_analysis:
‘["has been obtained. It is a First measurement.

¥ b —> p° p awnalyss:

- Tentative approach to select the channel ¥y p —> p% p (v a
[imited the phase space.

+The double polarization observable E was obtatned. [t 15 a first

measurement,




Conclusion and Future Perspectives

TO DO :
*Use the full statistic
*Contact with theorists to gef curves from other models.

- Accurate study of systematic uncertainties

*Try to extract P2 also in the case of quasi-free neutron

*Try to extract Pz to complete the set of measured observables
For two pion photoproduction with circularly polarized photon beam

and longttudinally polarized target.

‘Don't [imit the phase space with the cut on t
*Need to explore different statistical methods (SPlot,QValue, BDT)

For background evaluation study.
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Excited Baryon from LQCD (m~400 MeV)

Where Have All Resonances Gone?
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Discrepancy between predicted and

experimentally observed states:
"MISSING RESONANCES PROBLEM"

/ O\

Theoretical models: Experimant:
other approaches alternative to
based on different strong probes:
effective degrees of electroproduction
photoproduction
31 Marcu 1980

Where Have All the Resonances Gone? An Analysis of Baryon Couplings

quark model with chromodynamics. The amplitudes which emerge from the analysis re-
solve the problem of “ missing’ baryon resonances by showing that a very large number
of states essentially decouple from the partial-wave analyses; those resonances which
remain are in remarkable correspondence to the observed states in both their masses

Department of Physics, University of Torvonto, Torvonto, Ontarvio M551A7, Canada
(Received 26 November 1979)

in a Quark Model with Chromodynamics
Roman Koniuk and Nathan Isgur

This paper reports on the results of an extensive analysis of baryon couplings In a

and decay amplitudes.

The missing states may be weakly
coupled to channels where the pion s
tn the witial and Final states
but they may be observed i other

channels



Evaluation of systematic uncertainties

CONTRIBUTIONS: Aobs
Circular polarization of photon beam b 1.57%
Target polarization Nz 107
Analysis 1.5%

10,227 Tof



Why measurements on the neutron?

[sospin dependence of the reaction amplifudes tn single pseudoscalar meson photoproduction:

y+p reactions Y+ reactions
([«1/2) i=i2)
- 1 o _l ! 3 a-any| AN A ;L = —I—A(.' '.+1A? N +3Au-.\':»( aN )
Aol 2o ) "F B ) 3| 38 ( K3 ) et % | {\5 (n) 3 (= ,l] 3 KX
| x5 ) l KE | | X% | | k%% )
s =l 1 1 B | AN
- f 1 0 _l 1 ﬁ (1=372) JTN A -$V'2 7—/‘”“ +—A} +—A’ ( )
R i Y PP R |] 3 (Kz) widl I R 3 B I : Kz
| K°T ) \ J
s ) ) ! l (I=1/2)
1 A -+l A + A
A -+ A? - Al . np nw \/5 I:\ \
{2 ) [HAI%II.\I‘ L)L) 3 )
A° A" amplitude components result from coupling the [=1.2 uucleon with iso-scalar and
1so-vector components of the photon field to yield a total isospin of 1/2.,
Photon energy [GeV]
600, 0;5 1..0 ’._5 2:0 2:5 0_.5 1..0 1;5 2:0 ?:5 )
500 }5‘ (v:P) \ (V:n)  + The cross section for the reaction y N —> NX
“ ,§ \ - show different structures for proton and neutron.
o 300! '\ : R . .
AW, A third resonance region (1600-1300 MeV) s
200 | 'v :
m'/ WU SN Oy B\ : seen on the profon, [ess pronounced on neutron
[V A0 _ /_z: A - targef.
12 15 1.8 2 2A 1.2 15 18 21 24

Invaniant mass [GeV)



HD frozen-spin target

| ——
gl -

. - I=1
o 09 i
@mally JD Ortho-H,
- - (1s sym) IRK

e TR

I=1
6.3 days ‘09 = Para-D, /n itially H)
86 K (ysanti-sym) \ -
R YL Y ¥ SO
V Para-H, = =0 Ortho-D, WV
()5 anti-sym) H HD D, (Ys sym)
/- all J ‘O\n
N

ortho-Hz and para-D; are polarizable but are meta-stable and cannot be used
fo produce polarized targets.

For HD the constraints don t apply and H and D may be independently oriented
tn the ground state.



HD polarization: "Brute Force and Aging"”

HD polarized by using “Brute Force : B=15-1% T, T=10 -15 mk -
X Brute Force ts ot compatible with any defector
X Ty (longitudinal relaxation time) for pure HD is very long

SOLUTION TO POLARIZE H:

Add ortho-H7 tn solid HD: cross-relaxation between ortho-Hz and HD spius.

= T4" strongly depends on the concentration of ortho-Hz (minutes for 1072
mounths for 107°)

= optimal concentration: 10

Polarize HD with Brute Force > Aging for 3 months > Frozen-spin targef

D 1s polarized through the adiabatic fast passage



Expertmental Sefup

Superconducting Torus Maguet

Cerenkov
Counters

charged particles coverage:
H: 8-1472
b: 360 except b b gaps (maguet)

Drift Chambers

neutral particles coverage:
H: 8-45
b: 360 except b b gaps (maguet)

\

oo Elect ti
ToF Scintillator Counters ectromagneric

Calorimeter



Neutron tdentification

Neutral particles are detfected as cluster i the EC not associated
with any charged track w the DC.
The directional components (8,¢) of the neutral track and the neutra

path length L are found using the vertex (same as charge particles)
and cluster position on the EC for that hit

53— Lnewrar  _ V(Zec — 24)? + (YyeC — Y0)? + (2EC — 20)?
c(ToFgc —Ty) c(TOFgc —T,)

Using the L and time-of-Flight we calculate 8 and hence the

momentum 15 calculated:

P:Mm/:?rz‘(’l /[5’2-7)



Determination of Hz and D2 contaminations tn HD gas:
Raman Spectroscopy

Spectrometer
Monochromator+CCD

~Laser Ar 15 W

- This sefup allow to minimize the amount of
(aser (ight entering the spectrometer
- The cell geometry allow to minimize

accidental reflections



Raman spectroscopy: results

The data analysis of the measured spectra allow for the determination of HZ and D2

tmpurities concentrations:

2 45 'IT‘;1 1\'7

I1(J,T) = LA’ f(J)y

mam spectrum ([og scale)

1031 W2 HD o
- J=1-J=3
. J=0—J=2 J=2—-J=4
J=3—-J=5
L 1021
2
c J=4—-J=6
3
(6]
10 | J=1-J=3
- ik - =2H-J=4
J=3—-J=H 4—-J=6 J=2—-J=4
1 J=b—-J-=
(A A A N Y
-1
10 |
| | | |

T Q(T)

H2/HD

RAMAN

Gas
Chromatography

D2/HD

RAMAN

Gas

Chromatography

gs(J)(2J + 1)2

3+ 1)(J+2)

_ hebgJ(J+1)

0.00472+-0.00004

(27 +1)(2J + 3)

JMU-II

0.00220+-0.00004

KT

0.00387+-0.00004

0.0049+-0.0002

0.0022+-0.0002

0.0034+-0.0007

0.00416+-0.00008

JMU-II

0.0025+-0.0001

0.00442+-0.00008

0.0014+-0.0002

0.0013+-0.0007

0.0033+-0.0032

i

results for TMU-Il and USC used for the

fwo targets used tn the 914 experiment




Rotational Raman spectroscopy

When electromaguetic radiation falls on a molecular sample:

A. |t may be absorbed (f the energy of the radiation corresponds to the
separation of 2 energy [evels of the molecule

B. Can be scaftered
A. s scattered with unchanged wavelength (Rayleigh)
B. [t is scattered with wcreased (decreased) wavelength anti-Stokes

(stokes) Raman scattering

Vi =mmmmemeer ey
A —— L-------------...: ........................
’ i !

J ¥

2 ! ' ' ;'

1 y 1 i

0 Anti-Stokes  Rayleigh Stokes



CN(T) ;

16000 |

15750 |-

15500

15000

14750

14500

Raman spectroscopy: ama(ysis

QOs colidrotion foctor of termaol equilidrium

- X/ne0.1291 / 4
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" .
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65 |
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CN = Q(T)e KT
h(J)
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1 I
| PR | | A 1 ' Ly |
0 025 05 075 1 128 1.5 1.75 2
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O (@
-t vl - [N 1 oo | T L .-
0 025 05 075 1 1286 1.5 1.75 2
¥/ndf 0000 / O
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II\
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Raman spectroscopy: ama(ysis

Qos colidrotion foctor of termal equilidrium

16500 F 2/ne0.1291 J/ & [meag J) (hebg J(J+1))
CN(j) ) P1 Q1534E505 = S0.40 Cj'\.r — St ( ) Q(T)P— KT
- h(J)
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16000 [ X/nef 26868 [/ 3
100 - P1 69.61 & 6.&5
, . D2 gas I )
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Raman spectroscopy: analysis

[ an 1sotopic equilibrated mixture of H2-HD-D2 the inteusities ratios is:
100:58:4F (for the most tntense (ines).

I(T,T)=CNAT,T) AT, T)=h(T)/Q(T)exp-[Ee(T)/KT)

may be calculated for each peak at a fixed temperature

1£ N(H2)/N(HD)=1 => I(H2)/I(HD)=100/58=1.%241
I(HD)/1(H2)=0.58=CupNupfp/CizNuzftiz=Croftio/Crizftiz

Cap/Ciz2=I(HD)/1(H2) Fu2/ Frip=0.58 Fuin/ Fiiz
froma which

N(H2)/N(HD)=CNu2(Fit)/ CNup(Fi£)xCip/Chiz= CNy2(Fit)/
CNup(Fit)x0.58 Fiin/ fiz

stratlarly for the D2



Raman spectroscopy: analysis

[ an 1sotopic equilibrated mixture of H2-HD-D2 the inteunsity ratios is:
100:58:4F for the most intense (tnes

[£ N(H2)/N(HD)=T corresponds to [(H2)/I(HD)=100/58=1.7241
the measured ratio [(H2)meas/I(HD) provides N(H2)/N(HD):
1:1.3241=N(H2)/N(HD): 1(H2)meas/(HD)
N(HZ)/NHD)= I(H2)meas/I(HD):1/1.724¢1=1(H2)meas/I(HD)x0.58

I£ N(D2)/N(HD)=T corresponds to [(D2)/I(HD)=473/58=0.81034¢%
the measured ratio 1(D2)meas/I(HD) provides N(DZ)/N(HD):
1:0.81034¢4=N(D2)/N(DD): 1(D2)meas/I(HD)
N(D2)/NHD)= 1(D2)meas/I(HD):1/0.87103%%=1(D2)meas/I(HD)x1.2340



HD frozen-spin target

Omonuclear molecule Hz and D2 must obey to symmetry constratnts.

~ Dl2mol MuUst be under the exchange of tdentical nucler
~ PD2mol MaUSE be under the exchange of spin 1 deuterons
[n general:

L|)moI=L|)e|L|)vibL|)rotL|)nuc

Dot symmetry is given by (-1)7
Zl)e and ’(.l)v,'(o symmafric tn the grouwof state J even -> WProt symmefrfc

J odd  -> ot anti-symmetric

P Hz (1,=1/2) spins couple to [=0 (antisymm) para-t;
or [=1 (symm) orto-H;

Prue D2 (l4=1)  spins couple to 1=0,2 (symm)  orto-Hs
or [=1 (aw/'l'symz«v\) Para—Hz

DH 2ol must be antisymmetric: DDl Must be symimetric:
[=0 couples to T even para-Hs [=0,2 couples to T even orfo-D;
[=T couples to T odd orto-s [=1  couples to J odd para-D-




HD frozen-spin target: production cycle

PD SD
(Injecting target, NMR-TE) (Moving target) (Polarizing target) (Storing/transporting target),




HD frozen-spin target: production cycle

PD TC DF SD
(Injecting target, NMR-TE) (Moving target) (Polarizing target) (Storing/transporting target),
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HD frozen-spin target: production cycle
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HD frozen-spin target: production cycle

PD TC DF SD
(Injecting target, NMR-TE) (Moving target) (Polarizing target) (Storing/transporting target),




HD frozen-spin target: production cycle

PD TC DF SD
(Injecting target, NMR-TE) (Moving target) (Polarizing target) (Storing/transporting target),




Electromaguetic calorimeter fiming calibration

Crucial to perform separation between neutron and photous

The time from the em calorimeter ts evaluated using a 5-parameters semi-empirical model:

1 . .
Trodet = ag + a1 TDC + a9 ———= + (1,312 + ayl®

VADC
a . . Scintillator bars
*0 tncludes all constant times [
U - plane p
. Lead sheets
a,\TDC, TDC conversion term '
V - plane p
1 o - W - ol
a2 7o Fime-walk correction term plane p

------
N

-
-
-

9 _:; . .
asl?  aqli

3¢5 4 {lgblf a{-IL-QWMaILlOM IL-QYI’V\ I 7 ~—Fiber Light Guides
(front)
Fiber Light Guides
(rear)

"

O'J-

N ’
. ' ' ~ |7, — Tnodel #

To find the best calibration constant: X = Z L. 5 del
= £.M CAL MODULE

| actual path from the SC o EC
L
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Electromaguetic calorimeter fiming calibration
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Electromagunetic calorimeter fiming calibration

|

lll ) “

\\ﬂ

EM calorimeter calibration

parameter values as a function

of the run number (x-axis) and
the strip number (y-axis)

Tinodet = ag + a1 TDC + as + agl® + ayl®

1
VADC

Good stability of the timing calibration. Ouly few regions are non-flat,

l[dentification of not working strip channels




counts/s

Raman spectroscopy: amalysis

Calibrated Raman Spectrum Log scale V h b J(J 1)
] C +
109 H2 HD 02 » I(J,T)=C——h(J) exp(— . ]
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Extraction of ["and Pz: experimental method

974 Running condition:

' ' 92 — 83.4% 555 = 88.8%
We need to combine fwo periods from 0z = 83.4% 0

fwo different target " AH)? =27.6% AD)? =26.9%
AH)S = —0.8% A(D)P = —6.0%

L2 — .36 luminosity ratio

_ 1 [N(—=)92 — N(+=)9?]
0% [N(==)92 + N(+-=)92] + LEAL N (542)55 4 N (¢—<)s5)

1 L92 AY [N(—=+<)% — N(+<)%]

585 L85 A25 [N(—)=>)92 + N((—=>)92] + ﬁgs %%;N[(_><=)s5 - N((_<=)35]




Extraction of | and Pz: experimental method

Stmilarly to before:
Ny(5=) = L(==)(1 + A, ()P + 0o (=) (I° + A, (=)P5°)
Ny(=) = L(+=)(1 + A (=)Pz — 0o (+)(I° + A (=)P,°)

No(—e) = L(=¢)(1 = A, (<)Pg + 66(—)(I¥ — A,(«)P,°)

No(es) = L(+<)(1 = Az(<)Pz — 6o (+)(I¥ — Az(<)P;”)

po_ 1 [N(—=)% - N(<—:>)92] N
T SDAS N [N(—==)92 + N(+=)92] + L& \‘ A5 [N (=€)® + N(<)*]
N L9 1 [N(—<)% — N(+<«<)*]

85 J 85 A si ¢ ) 2 A92
08 LF AT [N (52 + N(e-)2) + B AR NI(5)® + N(— o))




Extraction of [“and Pz: experimaental method

do . . .
o= oo{(1+ A, -Pz)+ 5®(I® + A, - P?)} (1) differential cross section
L 0c  degree of circular polarization
A, degree of target polarization
d_a _ _ Nevents _ Nevents ¢ detection efficiency
dz; €-F-p-Ax; eLAz; (2) F vumber of tncoming photouns

p target area density
L=Fp integrated [uminosity
Ax; kinematic bin

confronting (1) and (2):
Nevents = 00(-L . A:Ez)(l + Xz . Pz) + S@(IG + Kz . Pz®) Neo, # of events measured
For different combination of beam — () and target polarization =(<) alignment-:

Ny(s=) = L(==)(1 + A, (=)P; + 6o(=) 1% + A, (=)P,°)

tn a single dataset

Ny(+-=) = L(«<=)(1 + Ax(=)Pz — 0o (<) (I° + A (=)P,°) the targef
polarization
Na(—>4=) = L(_N:)(l o Kz(<:)Pz + S@(_))(IO o K:4(<:)Pz®) direction did not
change!!!

No(e) = L(+<=)(1 — AL ()P, — 6o(+)(I° — A, (<)P,°)



l[dentification of the reaction yp — p°p: cut on Ey
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l[dentification of the reaction yp — p°p: cut on Ey
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l[dentification of the reaction yp — p°p: cut on Ey
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The reactionyp —> p° p

Diffractive behavior:

The differential cross section shows an exponential

fall-off with the squared recoil momentum:

the process has more probability to happen at small t

or, equivalently, at small 6;;CM.
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What we measure with CLAS
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What should we look at?
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Final ntnp distributions

B vs. p before the selection cuts
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l[dentiFication of the reaction yp(n) — p°p(n)
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