)
INFN

,i-;ﬁ.;y;zon Lo
( =EXFOORING IE WA TURE D VAT FER

KY electroproduction with CLAS12

Lucilla Lanza, INFN Roma Tor Vergata, Universita di Roma Tor vergata
Strong 2020 HaSP School, 12 September 2023

obﬁ

Istituto Nazionale
%"Eiﬁﬂﬁlsﬁughﬂk]mﬁ di Fisica Nucleare




a I
What do we want to measure?

Extraction of Lambda induced polarization in the electroproduction process:
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For electroproduction, the reaction kinematics are uniquely defined by the set of four variables
(Q%, W, cos 6%, , @), where:
* 0B%: kaon production angle in the virtual photon-proton center-of-mass (CM) frame
* Q?isthe squared four-momentum transfer of the virtual photon
W is the invariant mass of the intermediate state
W= /M2 +2M,w — Q? v =E. — Eo
& @ is is the relative angle between the electron-scattering and the hadron-production pIane}
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What do we want to measure?

Extraction of Lambda induced polarization in the electroproduction process
/
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Where a is the fine-structure constant and ¢ is the virtual photon polarization parameter given
by 2

[ t :
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Which in the most general case can be written as:
jg v v o Box B c pha s pla .
ﬁ = KS,Sg [R; +€RE + Ve(l+ e)( ‘RET cos ® + ‘RET sin @)

+ €( ‘R;‘} cos 2@ + "R;‘} sin 2®)
+ hy/e(1 = €)( R cos® + *Ry, sin®) + hy/1 — 531?;%}

During this experiment, a longitudinally polarized electron beam was incident upon an

unpolarized proton target, producing a polarized recoil hyperon. Summed over both helicities
of the incident electron beam the equation simplifies into:

d2o, _ . oa -
@ dQCM ~ oo(1 + PpiSar + Py Sy + PiSzr)
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What do we want to measure?

Extraction of Lambda induced polarization in the electroproduction process

ep — e’ KTA

d*o, : 0 & 0 & 0&
— J{](J. + PIJ'}S_-]‘_" + .F)yusy" + Pz.réz’)

M
Qg

where the POj terms (with j=x’",y’, Z’) are the induced hyperon polarization components
with respect to the primed coordinate system. If we express these components in terms of
the response functions and we integrate over ® we obtain

PY =0,

j i I.' 3 i
Py =— (RY" +eRy’)

g

P, =0.

We can extract the POj terms from data and compare them to these formal constraints
exploiting the relationship:

dN
HE-F

] . e RF =
= No(1 + aPjcost,; ™) a@=0.732

d cos

Q Where GpRF is the angle between the spin quantization axis and the A decay proton int
K Yperon rest frame
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What do we want to measure?

Extraction of Lambda induced polarization in the electroproduction process

ep — e’ KTA
dN
d cos Ot

= No(1 + a’P; cos BEF)

The induced polarization for a given coordinate can be extracted by forming the forward-
backward yield asymmetry with respect to cos GRFp =0.

Integrating from 0 to 1 (forward) and -1 to 0 (backward), gives the corresponding yields N* and
N~ as:

! 0
NT = / No(1+ f.f?j? Cos H;‘?F )d cos H;?F N~ = / No(1 4 aP; cos H:f' Fyd cos 6’5 F
0 ~1
r _aP] aPY
= No + No—* = No — No—*.

The forward-backward yield asymmetry with respect to a given axis j, Aj, is then defined as
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- Experimental Setup: CEBAF h

Important parameters:

* Injector energy: 45 MeV
* Temporal separation of the bunches 0,7 ns
* 1200 MeV each loop .
* Halls A, B, Creceive a 11 GeV electron beam, Hall D ),

a 12 GeV electron with a 2 ns time interval

* High work frequency: almost continuum beam
* Maximal intensity of the beam: 200 pA
P, (long. polarization) up to 90%

Components:
Injector

LINAC

Refrigeration plant

Magnets




Experimental Setup: CLAS12
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Overview e - .
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Beamline
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CLAS12 presents two main
regions: FD and CD
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Two experimental problems to solve

e The peak is very close to the A Yperon
peak

e The acceptance effects have to be
taken into account

Lol 1
1.5 12

MM(e’K*) (GeV) )

CLAS12 can be divided in
2 regions: FORWARD (FD)
and CENTRAL (CD)

Events reconstructed in
the two regions must be
«cleaned» differently
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Topologies

The reconstructed final state for the hyperon polarization analysis
required the detection of:

e the scattered electron,
e the electroproduced K+,
e the p from the hyperon decay.

The electron was required to be reconstructed in the ECAL. If we
consider the FD and the CD separately, then the hadron
reconstruction divides into four distinct topologies:

e K+ FORWARD pFORWARD
e K+ CENTRAL pFORWARD
e K+ FORWARD pCENTRAL

o—K+CENTRAL pCENTRAL

-,
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Procedure employed for the analysis

* For each topology customized cuts are applied

e Events are divided according to kinematic variable value,
forward and backward helicity

e To count the number of Lambda baryons for each bin a
range of interest around the peak is selected

e The procedure is repeated for real data and simulated
events

e The polarization is extracted

o
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List of Cuts kKFORWARD pFORWARD

Final state with epK ™" (chi2pid < 5)
Track status: abs(STATUS) = 2xxx (K,p)
-0.02 < MM?(epK) < 0.08 GeV?

FWD K+: AT mess— cale

FWD p: AT neas— cale

sampling fraction
p

vertex -10<<vz<1 (e, K+]

™ mean - 3 50

time cut, electron: 21 << TOF < 26 ns

time cut, FWD K+: 20 < TOF < 35 ns

time cut, FWD proton: 20 << TOF < 55 ns

W=>=0

FWD p, K+: 04 < 3 < 1.1

FWD p, K+: 0.4 < p < Ppeam

7~ contamination removal: Egcin/p < -0.84 -Epcay/pe + 0.17
Fiducial cuts: electron U, V, W

q!=0
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List of Cuts KCENTRAL pFORWARD

Final state with epK " (chi2pid < 5)
-0.02 < MM?(epK) < 0.08 GeV

sampling fraction
p

vertex -10<vz<1 (e, K+]

Track status: abs(STATUS) > 4000 (K)
time cut, electron: 21 < TOF < 25 ns
time cut, CTRL K+: 0.2 < TOF < 5 ns
time cut, FWD proton: 20 << TOF < 50 ns
W=0

FWDp: 04 < <11

FWD p: 0.4 < p < Ppeam
CTRLK+:02< g <11
CTRLK+:02<p<3

> mean - 3.5

7~ contamination removal: Egcin/p < -0.84 -Epcar/pe + 0.17
q!=0
Fiducial Cuts
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List of Cuts kFORWARDpPCENTRAL

Final state with epK ™" (chi2pid < 5)
-0.02 < MM?(epK) < 0.08 GeV

sampling fraction
p

> mean - 3.5c

vertex -10<vz<<1 (e, K+)

Track status: abs(STATUS) > 4000 (p)
time cut, electron: 21 << TOF < 25 ns
Time cut, FWD K+: 0.2 << TOF < 5 ns
Time cut, CTRL proton: 20 < TOF < 50 ns
W=>0

FWD K+: AT

meas — calc

FWD K+: 04 < 3 < 1.1

FWD K+: 0.4 < p < Ppeam

CTRLp: 02 < 3 <11

CTRLp: 02 <p <3

7~ contamination removal: Egg;,/p < -0.84 -Eprpy /pe + 0.17
Fiducial Cuts

q!=0
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Pass1 skim21 MM(eK) final datasets, induced h
polarization analysis

K FORWARD
P FORWARD

K FORWARD
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K CENTRAL
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"Example: Bin in Q2, comparison of DATA and
REC events

Backward Forward Backward Forward
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Figure: Left: DATA. Right: REC.
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Acceptance correction — 6.5 GeV, primed system (x1, y1, z1)

To get the acceptance correction the number of A events for each bin of
direction (FWD and BCK), component (x,y,z) and kinematic variable ( @2,
W, cosfly) is extracted. This procedure is repeated for the MC events and

for the REC events. The factor N,.. is obtained from the ratio between

N
NifE{:(‘: = Nace.

N+ N~

+ _ N— — =
N N . Na-t*c Nacc
N+ + N- N+ N—
Nec T N e

The event selection procedure is applied to DATA and REC events using
the same code. Yields employed in this presentation are obtained using the

A mass range (1.07-1.15 GeV) and the X one (1.15-1.23 GeV) - both
&ﬂ\TA and REC.
A, /




a I
Dataset Definition

RY we
Entriqe -."b."?li
S0
SO0 =
3 . . NELUE o
. + _N—
DATA: data without correction (black) [N+ -N _ vyaPy vy=1, a=0.732
NY+N- 2
20000 -
REC: simulations, reconstructed, REC::Particle bank (blue)
NI‘;EC —NEEC = Vya PY 10000 L
Ngec+NREc E
MC: simulations, generated, MC::Particle (red) |
a 1 | Lo !
NA+4C ~Nyc } vya Py | 1 Y 06 K ‘v 15' 1.2 125 1.3
(NyctNge 2| MM(e’K*) (GeV)
: data with acceptance correction applied (gold)
Nt N- Nt N~
J— T + - + -
Negc_py  Nicc Nacc_ waPy gyt = n- o Negc TRec waby  p >0 NN >4 y+ > Nesch
Nuc %€ N+ N- T 2 MC = TTMC ™ Nt N 2 r< Nigc Nrge < Ni
McC REC REC REC
NT NG Ngipe Ng
acc acc REC REC
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(\ induced polarization components PO(X’y’, 2"
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(A induced po

PY(x)

B REC

W MC

W o

by oo

------ R S R Rt BN BEE - NE B

m B =
I L m
"aagenelig ¥ "y n

1 ' 1 1 |

1 1.5 F] a5

OB

ag

P¥(x)

04

W ReC
B NG
W Gas

Ay oo

RN |
F

|

TR B I T I SR O A 0 B
1.7 18 19 2 21

2 3 24

W (GeV)

W ALC

C

W cas
Gk oo

larization components, PO(x,y,z)

P*(y)

Sl W rec
u¥ ‘TN N | m e
... 1] W o
.... ek S
n

OB
B
o4

a2

0.2

o

0E

T
-J
| ]

| ]

[ ]
| ]
| ]
| |

L

8

l£|r'|r1r'||l|[|r1[1

B _||r'|r1|]|||[1r1|'1|

|

POl T S T O A S I A A AR |
18 19 2 FX] F¥) 2.3

P(z)

P’(z)

P(z)

'E W c
asf- m uc
= | B
OB— daks e
adf
o:f—
g T e .
3 n
0z __.—Eiiil..ilu [ | . ] L} [} .
L=
sl
=
= .l | PP I |
LT i 75 ] s ]

= W REC
L1 = B nC

- | T
05:_ ks oo
adf—
o

P T L e ST S S el -

wsf- "sling

3 Han ]
4= .l....lllll
Db:—
B

I NS I R R P P |

B T.T T8 ] F: FX] 22 23 24

W (GeV)

W AC

O

| T
gk




(2 induced polarization components, PO(x’y’,z’)
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(2 induced polarization components, PO(x,y,z)
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