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* HBD

— important for the non-photonic
electron selection

» effectively reject photonic
electrons

* the estimation of non-photonic
e yield

1. purify the non-photonic
electron tracks by HBD charge
cut

2. estimate the fraction of single
e cluster events in the

electron tracks after the HBD
charge cut

3. estimate the fraction of non-
photonic electrons in the
single e cluster events
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Electron Cut

electron cut

abs(bbc_z) < 20cm

quality ==63||51] |31

n0>=2

ecore/mom
e 0.50<ecore/mom<1.48 (0.0<pt<0.5GeV/c)
e 0.57<ecore/mom<1.37 (0.5<pt<1.0GeV/c)
e 0.60<ecore/mom<1.32 (1.0<pt<1.5GeV/c)
* 0.64<ecore/mom<1.28 (1.5<pt GeV/c)

abs(emcsdphi_e) < 4, abs(emcsdz_e) < 4

prob>0.01

HBD association cut

abs(hbdsdphi) < 3.5, abs(hbdsdz) < 3.5
* hbdsdphiand hbdsdz are the distances between the HBD cluster position and the projection point of the reconstructed track.
hbdsize >= 2 (hbdsize is the number of pads associating to the HBD cluster)
* rejectscintillation hit effectively
8p.e.<hbdcharge (hbdsect!=3)
4p.e.<hbdcharge (hbdsect==3)

HBD cluster charge cut

8p.e.<hbdcharge<28p.e. (hbdsect!=3)
4p.e.<hbdcharge<17p.e. (hbdsect==3)
¢ the charge distributionsin all HBD pads are calibrated by using scintillation hit charge distributions.

event selection

using ERT_ELL1&BBCLL1(noVtx) trigger events in EWG_ERT(run9-200GeV-pp) data set for electron yield analysis



HBD event display
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HBD cluster charge distribution
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HBD cluster charge distribution

~ purification of non-photonic electrons with HBD ~
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Bl distributions normalized as Integral=1 (0.1 only for the hadron charge distribution)
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the hadron charge distribution is estimated by using hadron events
abs(bbcz)<20 quality =63 n0<=0 e/p<0.4 abs(emcsdphi)<4 abs(emcsdz)<4

0.5<pt<3.0GeV/c



pt dependence of HBD single e cluster
charge distribution
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pt dependence of HBD merged cluster
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HBD cluster charge cut efficiency

~ purification of non-photonic electrons with HBD ~
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estimation of the fractions of single
electron clusters and merged clusters

HBD charge distribution for

recon structed electrons reference charge distributions
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estimation of the fractions of single

electron clusters and merged clusters
~ only Sect9(South) fitting results are shown ~
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momentum spectra of single electron
clusters and merged clusters

~ before HBD cluster charge cut ™
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These spectra were produced from the previous fitting results at all of pt regions.




momentum spectra of
fitting reduced chi-square

Sect2 South Sect2 North Sect8 South Sect8 North

5 s S S S E chis_sect8snl

1 1.3

L6F 12f Mo N 1 o
LaF L Lt o L_
r2f 1F ]

12F i ] li

ir Ik r— P 1 0.9k
0.8 s _—\J_L - ‘ ark 1 0.8 Lt
0.6 — P ﬁ,- 4'—|T\' 0
4 = 2 )
723 52 23 (R ) 25§ 3
P, [Gevie

chis_sect3snl

L6
14
—

12 )

s

uxﬁ j\

0.6

[ R KR ¥ R K R
Py [GeVie]

L

4 4.5 [ 0.5 ! L3 2 2.5 3 33 4 4.5 [
P, [GeVie] P, [GeVie]

Sect9 South Sect9 North

22f E
14f

e 12
16
14 —‘ J
12f o E

IF 1 n‘.\- J‘F
o0sf

6 06

st

F 04

T R B K B K T i

S

L]
2 EREE]

4 43
Py [GeVie]

Secth South Secth North

ct10sn0 ctlOsnl

L UL Wj - b —W |
11 y L
» I

4 45 [ 0s ! L5 2 23 El is 4 4.5
P, [GeVie] P, [GeVie]

Sect4 South

ctdsn0

JW_J |
12k t ]
| r|\
o8- 4|_|‘|_,—|§L

nar -
R K e Y KRR B X

43
P, [GeVie]

13
These spectra were produced from the previous fitting results at all of pt regions.




momentum spectra of single electron
clusters and merged clusters

~ after HBD cluster charge cut ™
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These spectra are products of previous spectra and efficiencies for the HBD charge cut.

. . . . . 4
As you can see, the fraction of single electron clusters is enhanced comparing with that of merged ciusters.




estimation of the fraction of photonic
electrons in the single e cluster events

Not all of single electron clusters consists of non-photonic electrons. They include

also photonic electrons such like large-angle Dalitz decay electrons.

The fraction of the photonic electrons in the single electron clusters must be

estimated

— For the photonic electron, another photonic electron leaves a HBD charge around the projection

of the reconstructed electron track

— > thedistributions of the charge around the reconstructed track for non-photonic electrons and

photonic electrons are different.

— comparing with simulation results, the fraction can be estimated.

single e cluster produced
by non-photonic electron

detected in
make clusters <7 Central Arm
separately [ &=
e+ .°
AN /U= >
o0 e -
ag T e- ’\

another track leaves

a correlated charge on HBD
single e cluster produced
by photonic electron



chart of electron events

non-photonic e

‘;'(signals | want)
non-photonic electron

ul non-photonic electron —

photonic electron

g pair mass ~0 |

) il photonic electron
B field ~0

(single e cluster on HBD)

.l photonic electron
(merged cluster on HBD)

cluster events
photonic electron need to know the

(separated event ) " l fraction of

—-—— -
(@]
EI
S I
~« O
ol
O 5
< @
=
wn

°

large angle ¢ photonic electrons
electron pairs in the single e
P N cluster events
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ring charge distribution in data

HBD charge distribution

hbdcharge separated sectOsn0_h2

menged peojhisi sec

ct9sait

Entries

c 001117

47448
39.82
15.71

0

0.9888

'h region

005__ ] l I Mean

- singiglle cluster r|ch regionms
004; Overflow

L Integral
0.03- merged cluster ri
0.02F
0.01F

[ |

7 R R RN R R ]

HBD charge [pe]

. e
associating

cluster

100

electron track

Total HBD charge in the ring
(not including the assoaatmg cIuster charge)

T hit charge from |
10 o / scintillation lightg = ™™
(hbdcharge>40p. o) e
m-’ bump from
W, / photonic electron hits
5 ilmzlé**.a,‘ i, (8<hbdcharge<28p.e. )
'k ! II|ﬁ| hlﬁ* Jm |
o T W“ LiliABmi

0.2 0.3 0.4

Rlng Charge/Rlng Area [p.e./cm?]
single e cluster rich region

merged cluster rich region
the total charge in the horizontal axis is

normalized by an area of the ring
= 1(8% — 72) cm?

Comparing with MC results, the
fraction of the photonic electrons in
the single e cluster events can be

estimated from the bump. Y



fitting for estimation of number of
electrons making correlated hit

Left

e >76.532em
. _ 25.000cm
* using electrons in the accepted area for the ring charge

distribution analysis
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R dependence of ring charge distribution
(Sect9 South, 1.00 < pt < 1.25 GeV/c)

R=6~7cm R=7~8cm

diff circle harg ect9sn0 rl h2 ”30 diff circle charge sect9sn0 12 h2
Entries

E T Mean 0.
eIectron 5|gna| ORI I ¥
Overflow 6

black: e (8<hbdcharge<28p.e.)
red : e (hbdcharge>40p.e.)
blue : hadron

£ i £
0 0.l 62 03 04 05 06 07 0.8 0.9 ﬁ 04 05 06 07 0.8 09 1

(HBD ring charge)/Area [p.e. /cm"2]
R=8~9cm R=9~10cm R=10~11cm

diff circle charge sect9sn0 r3 h2 B diff circle charge sect9sn0 r4 h2 I diff circle charge sect9sn0 r5 h2
Entries 28267 Entries 27145
i i ! ! ! ! ! ! ! ! i i ! ! ! 1338 ! ! ! i i ! !
104 & 2485
i 1
6
10° & -gral 1de+04 -gral 599¢-+H04

iy Lk L

i
0 o4 02 03 04 05 0.6 07 08 09 1 0 04 02 03 04 05 06 0.7 A 9 1 0 01 02 0.3 04 05 06 0.7 0.8 09 1

» considering S/N, R=7~8 looks the best radius
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ring charge distribution in simulation
~ simulation with piO Dalitz events ™

e for the simulation, piO Dalitz events were

merged cluster

generated by EXODUS.

diff circle charge sect9sn0 r2 h2
Entries

10°F

------------------------------------------
t Mean

. an example of simulation result

RMS
Underflow

Overllow

Problem.1 Integral  1.432¢+04

14327
0.01415
0.03821

0

5

f'.._ Scintillation hits are not included in th

3 estimated by data

e simulation

) - need to embed the BG cEistribution

0 0 02 03 04 05 06 07 08 09 1

Ring Charge/Ring Area [p.e./cm?]

Problem.2

Need to know how many
single electron clusters are
included in the generated
Dalitz events. ’

-
-
— =

-
-
-
e
_—
—
—
_——

single electron cluster



solution for Problem.1
estimation of background scintillation lights distribution

basically, hadron leaves only

scintillation hits
the merged cluster has

no correlation hit around the cluster
- there are only scintillation hits

e Scintillation BG from single charged track
— (scintillation from single electrons or hadrons)
— —>estimate by using hadron events

e Scintillation BG from double charged track
— (scintillation from photonic electron pairs)

— estimate by using electron events with HBD cluster charge > 40p.e.
* merged cluster events due to photonic electrons are enriched

diff _circle charge sect9sn0 12 h2 T diff cirele charge out_seet9sn0) r2 h2

. . . ‘ : . . | Entries 15935 : : : : : ‘ ‘ ‘ Entries 16474
1 E . . . Mean 0.0111 1 E . . . Mean 0.01307
1 Scintillation BG RMS 002020 - Scintillation BG RMS  oo2s2s

Underflow 0.0003564

from double charged tracko.mo oo
. . Integral 0.9995
(photonic electron events)

Underflow 0.0001255

from single charged track|owio ooosss| 107
Integral 0.9997 E
(hadron events) -

107 ¢

10"’5

m s slightly wide ]
ol distribution
m 0 0103 M m M Mm 0% 0708 m 09 ; ‘”o 00 OWMAW Msnlwﬁ | M - M moJ‘M;

Ring Charge/Ring Area [p.e./cm?] Ring Charge/Ring Area [p.e./cm?]



solution for Problem.?2

estimation for the number of the single electron clusters made
by pi0 Dalitz

. | need to know how many single electron clusters were generated from the Dalitz simulation.

. - What | need to do is to search another cluster around the associated HBD cluster

—  the number is same as Integral(r =0 ~ inf)/HBDeff , but the estimation is difficult since large r region is almost out of HBD
acceptance.

. SOLUTION

— use also Dalitz decay data applied a decay angle cut, 6 < 8, = 1/6rad = r ~ 10cm
—  The number of single e cluster events = inner side: Integral(angle cut data)/HBDeff + outer side: #{electron reduction}

vertex cluster distance distribution in the simulation

soob-black: normal sIUlation

: .pLred: angle cutsimulation ]

HBD GEM decay angle : N(6>=6, ) :
400 ;_ ................................... #{e}i 55260

s 300 L A FEDUCTION DY the angle cut
cluster distance 200}

100 S N(9<90) ........................................................... :

” —integral/HBDeff"=rmm—m—te *“h

reconstructed e 0 2 4 6 & 10 12 14 16 18 20
r [cm]

cluster distance distribution
of pi0 simulation data



correction for limited acceptance of
HBD

* Since HBD acceptance is edge
limited, acceptance correction HBD acceptance
must be considered.
« —>fill the cluster distance with
: ; another cluster
appropriate weight whenthe ™ " e |
‘ e track /[
track passes near HBD edge ot of
: A\ acceptance
. we|g.ht countérpart |
if(RO < r){ { track 1
w = 1t/(mt - acos( RO/r )); 1
histo->Fill(r, w); cluster associath 1 RO
} else{ L I
. . with reconstructed e |
histo->Fill(r); ‘l l|
} b
1
A I .
----------
1 |



cluster distance distributions between
surrounding clusters
(Sect9 South)

Black: normal simulation
Red: decay angle cut
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diff_circle charge sect9sn0 r2 h2

107

e
107 E
ik

2

' ring charge distribution
4 from data

Entries
Mean
RMS
Underflow
Overllow
Integral

62534
0.01532
0.03217

10
20
6.25e+04

———

0

0102 03 4 03 0.7

i i

0
Ring Charge/Rlng Area

fit with th

superposition of
these 3 distributions
(3 parameters fitting)

subtract the number of

fitti ng thg merged cluster evgnts

estimated by the previous method

electron i P ——
X i diff circle_charge_sect9sn0_r2_h2 GilF cirele_charge out seet9sn0 £2 h2
p hotanic /) Entries 14327 Entries 36474
T T T T T T o C T T T T T T T T

»t  electron signal |~ = scintillation BG | ==

i from simulation=""-- from data 5o e
— Nr”..'h ) X 1 3
%**m convoluti
f ok ]
L T Mot i) 1y g

0 ().‘I fl.‘Z 0.3 405 06 07 _ 08 O.IQ 1 ]flj(; 0.‘1 ().‘2 04 05 06 07 08 .9 é
—Ring Charge/ng Area [p.e./cmz] Ring Charge/Ring Area [p.e./cm ]
x |\ scintillaion i e chorge sttt 212

sin g |etr;qr|( : Entrics 15935

0.0111

scintillation BG fram,_ =~

lerflow 0.0001255

single charged tracks 1" scintillation hits from hadron

=4

- (scintillation lights from
i single electrons + hadrons)

1L

Rirﬂ1g ﬂ(fhgzrgg/ Rn’i4ngn’5A|2’éa"’fp."é./”cgmi]

«|IN scintillaion. . .= w0 :
do Vi hletr, qr‘lz Entries 36474

scmtlllatlon BG from =

double charged trackse scintillation hits from
large HBD cluster charge event:

(scintillation lights from
photonic electron pairs)

a4 114 i .

0k
01 ()2 03 04 05 06 07 08 09

\Rlng Charge/Ring Area [p.e. /cmz]
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Counts

Counts

ring charge distribution fitting

0.00 < p; < 0.25 GeV/c

fit result sect9sn0 r2 ptbin0

1.

—a— data
—a— finting result

Corr e component

——— BG component

Bl 4
0.5 0.6 0.7 .8 .9 7
HBD cell charge/area [p.e./cm?]

00 < p; < 1.25 GeV/c

fit result sect9sn0 r2 ptbind

—a— data
—a— finting result
Corr e component

——— BG component

0.5 0.6 A .8 .9 7
HBD cell charge/area [p.e./cm?]

2.00 < p; < 2.25 GeV/c

fit result sect9sn0 r2 ptbin8

10°F

—a— data
—a— finting result
Corr e component

——— BG component

3T040s 0 07 a8 o9
HBD cell charge/area [p.e./cm?]

Black: data Green: electron signal x scintillation Blue: scintillation BG

(Sect9 South R=7~8cm)

0.25 < p; < 0.50 GeV/c

Counts.

Counts.
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—+— data
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——— BG component

|

"HBD cell cl;arge/ai'ea [p.é./cmz]

1.25 < p; < 1.50 GeV/c

0r 02 03 04 05 06 07 08 09 7
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reduced ¥

Sect2 South

r_chis_sub_pt_sect2sn0)_r2_hl
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for the ring charge distribution fitting
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momentum spectra for the photonic

electrons in the single electron clusters
results ~

making correlated hit
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Number of Electrons

k-1
5
2
g
z

1w

I

bid

momentum spectra

for the non-photonic electrons

Sect2 South

hbdeut_ne_sect2sn0_hl
electron yield spectra

—*— reconstructed electron

non-photonic electron

Number of Electrons

Sect4 South

hbdeut_ne_sectdsn0_hl
electron yield spectra

Number of Electrons

—=— reconstructed electron

—— non-photonic electron

Sect2 North

hbdeut_ne_sect2snl_hl

ctron yield spectra

0 —— reconstructed electron
i —+— non-photonic electron
107 |
1w
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p, foevie]
hbdeut_ne_sect3snl_hl
electron yield spectra
1 —— reconstructed electron
PR —— non-photonic electron
.
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1w
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o 03 !

Black: reconstructed electrons
Red: non-phonic electrons

Number of Electrons

Number of Electrons

Number of Electrons

Sect8 South

hbdeut_ne_sect8sn0_hl
electron yield spectra

—*— reconstructed electron
—=— non-photonic electron
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electron yield spectra
1 o —— reconstructed electron
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electron yield spectra
wr . —=— reconstructed electron
T —<— non-photonic electron
wrE . T T—
"
nw -,
pa
T ey
e

p, [devie

Number of Electrons

Number of Electrons

Number of Electrons

Sect8 North

hbdeut_ne_sect8snl_hl

ctron yield spectra

wee e —— reconstructed electron

= . —=— non-photonic electron
wE —— —
1w =
1w =+

ool i
ﬁ 4
05 1 L5 2 25 3 35 4

Sect9 North

hbdeut_ne_sect9snl_hl
electron yield spectra

e —— reconstructed electron
.~ —s— non-photonic electron
B
[ ——
1w .
1w SN
4
[ S N
! —~t
o s r 15 23 3 i3

*p, ldevie

Sect10 North

hbdeut ne sectl0snl_hl
electron yield spectra

e —— reconstructed electron
—s— non-photonic electron
wE —_—
w
1w
o051

29



momentum spectra
for the non-photonic electrons
(total non-photonic electrons)

" s electron yield spectra
g g —e
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m S i .
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non-photonic/(non-photonic + photonic)

Dilution Factor

dilution factor spectrum

My analysis (w/ HBD)

)

I | ‘
0.8 =
: : g ‘ -

0.6 -

0.4

0.2

Fe—

(/X B B I S R X S ¥ z'xp_r f(lfew‘:f
red: w/ HBD charge cut
(using this cut in my analysis)

0

my analysis Run5 result (w/o HBD)
\____hon-photonic/photonic

=

c/photonic

non-photoni

nonphotonic/photonic

107 = {; | p—ee
E GeVie
C ..p.‘ ..... ] W — ee
: -------- hadron
72 L1 |- Pl il Ml Lk 1'-|-.-4.-v:-|:;-|l..1‘|-.Jhl-|'-|l|-‘|-'|-
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]

converter method runs S/N result
cocktail method
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estimation of ERT E efficiency



Efficiency

0.2

ERT e efficiency

ERT-e Good Sect

[
T T

0.8
0.6

0.4

1/ ndf 68.31 /47
Platau Eff 05587 £ 0,01 849
Turn on Pt GeVic] 0.8368 + 0.01601
fiurn on Sigma|GeVie] iy 02683 001817
andom coincidence offs :11.00?405 + (L0 258

\

.3....4.

P, [Ge\;fc]

Efficiency

ERT-e Good Sect

AT W[
) ﬁjﬂw ]H :
d; . owpledsyteror
N N B R

use all reconstructed electrons in MB data

applied syst. error

— 3.3%x (1 +(0.90[GeV/c] )3/p;3)

— this function shape is assigned as it looks enough conservative

* looks good



estimation of Acc. x Rec. Eff.



event generation

* generate single electrons with EXODUS
— abs(bbcz)<30
— |eta]<0.5
— 0.23<pt<0.60 GeV/c
— pt distribution ~ pt"{-2}

* the distribution is normalized with weights of
reconstructed electron pt distribution of MB data



BBC z distribution

(data — simulation)/(total simulation)

bbcz_hl bbcz_hl
F T T T T 3 0.003F ‘ T Pos 237 4%% r.cbs.j._“ﬂﬂ%
700F . i ]
. 1 o0 =
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400 7 of
300 1 -0001F .
200F 1 -0002F ]
1ooy 1 -0.003F ]
%0 20 70 0 10 20 30 30 20 70 0 10 20 30
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 Black: electrons in MB
e Red: simulation



DC acceptance

DC phi distribution (North)
phi_side0 hl

600
500F
400
300

200F

100}

DC z distribution (East)
zed_arm0_hl
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DC phi distribution (South)
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DC z distribution (West)
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RICH acceptance

RICH phi distribution (North) RICH phi distribution (South)
crossphi_side0 hl crossphi_sidel hl
350 West™ smiEast
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EMC acceptance (East)

EMC zsect distribution (Sect0)

zsect_sect0_hl

0 I 20 30 a0 50 e 70 s a0
EMC zsect

EMC zsect distribution (Sect2)
zsect_sect2 _hl
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i i ]
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EMC zsect

EMC zsect distribution (Sect1)

zsect_sectl hl
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EMC zsect distribution (Sect3)
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EMC acceptance (West)

FNC 7cert dictrihiitinn (Secrtd) FNC 7cert dictrihiitinn (SertB)
zsect_sect4d_hl zsect_sectd_hl
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EMC acceptance (East)
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EMC zsect distribution (Sect2)
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EMC acceptance (West)

FNC 7cert dictrihiitinn (Secrtd)
zsect_sect4d_hl
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HBD acceptance

HBD phi distribution (North)
hbd occ phi side0 hl

HBD z distribution (East)
hbd occ_z arm0 hl

North

'South

20 30
ABD Z [cm]

HBD phi distribution (South)
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HBD cluster charge comparison

Sect2 South

hbdcharge_separated_sect2sn0_hl
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HBD cluster charge in simulation

Sect2 South Sect2 North Sect8 South Sect8 North
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HBD cluster size comparison

Sect2 South
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0.5
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0.1

HBD cluster size in simulation
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updated

acceptance x reconstruction eff.

acc eff

=
i)
a

reconstructed e ¢

yielded e (An=1)"""

AccxEff in my analysis

pt vtxcut hl
0_05_ o STV S S SN S o -~ ]
S Gaepens —aas = Sp s S s2 SR E bt
0.03}
: black: inclusive
0.021
: red: e-
0.01¢ blue: e+
n_n L L L1 I I

* including smearing effect

* AccxEffis about %
— DC and EMC acceptance and cut is about %

— HBD acceptance and cut is about %

0 0.5 ! L5 2 2.5 3 3.5 4 b, f(feV/c]s

AccxEff in run5 analysis
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cross section



Number of Electrons

Cross section

non-photonic e yield ERT-e Good Sect —am pt_vixcut hl
E ' ' ' ' electron yield spectra Z [ j j :Lar:“;?:ﬂ(‘.w."q ‘;-:3}:;00“0::: s
474747 —— reconstructed electron g r e SIIGEVI pup 0268320010 a . T g g e B
m;: _._47474747 g I‘d fect E L T’mlnm '1j)omzm % 0.03 : :I:$¢ﬁ£$+$£$iq l—#—
. no —e— non-photonic electron ok ‘ 1] % 004 b
1 Aﬁ::;‘: 06 1 0.03
[y _3::: 04F ] 0.02
.'rfE ::3:47
E _.::3: ) 02k . 0.01 L
ok e L : trig eff. acc. x rec. eff.
e P, fGevic] % 1 3 3 4 N [GeV%/c] L B S RS ¥ S S I S N feviet
* Used these 3 results to estimate the cross section for the non-photonic
electron production
[ ]

other parameters

used Run3 vernier scan result (AN358)
23.0 (1+-9.7%) [mb]

Run9 MB trigger bias value

0.795 +- 0.02

systematic errors

acceptance ... 8%

RICH elD cut ... 2% (same as run5 analysis)
prob cut ... 0.5% (same as run5 analysis)
e/p cut ... 2% (same as run5 analysis)

HBD cluster size cut ... 3.5%

HBD cluster charge cut ... 3%

syst. error from Ring Charge Fitting Method
Trigger Efficiency ... 3.3% x (1 + (0.90GeV/c)*3/pT"3)



cross section result
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Comparison with runb5 result

¥/ ndf 10.8/25
,,ICOHST 0.1148+0.02278 e
1 Py 1.0914 0.07782 : : : : -
la 8622402012

NonPhotonicE_XSect_syserr RunS_gh
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do(Run5)/fitting - 1
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Ratio with the fitting function of Run5 result

runl/fitting - 1
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do/fitting - 1
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