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Dataset and cuts 2

» Event selection » Conversion pair selection
# BBC narrow trigger 1. loose cut: same arm, require a
* |zux| < 10cm solution for reony

» ZDC coincidence: ZDCEn>0 && ZDCEs and 2 dzed cut: loose && |dzpc| < 4cm

ZDCZ>-9000 3. default cut: e two tracks from the same arm

# A conversion candidate found

T — ¢v| < 0.1rad

|dzpc| < 4em

» Single track selection (elD)

#+ quality31 || 53 || 63, |zoc] < 75cm ® 9em < Teomy < 23cm
» pr>200MeV ® df.ony < 0.01rad

# n0> 1, disp < 5cm, y%/npe0 < 10 A

+ -2<dep <5 DO referepse radins

# prob > 0.01

» EMCal cluster selection

# Emin > 500MeV
» ¥2<3.0

# EMCal dead map




Constructing R,

» Double ratio tagging method (R,>1 indicating direct photon signal)
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**» Nid /N2 from real data: # of conversion
photons/# of conversion photons tagged
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Constructing R, 4

» Double ratio tagging method (R,>1 indicating direct photon signal)

,yincl
,yincl ‘y”O
R’}’ _ yhadron T ,},hadron _ (yhadron)
70 0
Y Y© JSim
Raw counts

**» Nid /N2 from real data: # of conversion
photons/# of conversion photons tagged
as coming from mt°

Correct for detector effects
+» Conditional acceptance and efficiency:
the acceptance for the second photon in
the EMCal from nt° decay given that we
already reconstructed the first photon
from a conversion pair

Conversions

Conversions
from n°tagged

from nt° not
tagged

Conversions



Constructing R,

» Double ratio tagging method (R,>1 indicating direct photon signal)

el Y
,ymc 7”0
Ry ,yhad ron ,},hadron
v
Raw counts

**» Nid /N2 from real data: # of conversion
photons/# of conversion photons tagged
as coming from mt°

Correct for detector effects
+» Conditional acceptance and efficiency:
the acceptance for the second photon in
the EMCal from nt° decay given that we
already reconstructed the first photon
from a conversion pair

Correct for other background sources
¢ Cocktail ratio (other sources of decay

photons)
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Fake conversion and fake n° G

» After conversion photon selection, there are still fake conversions in the
inclusive photon sample
4 For conversions (e*e’): the fake conversions x10°  Run14 Au+Au @ 200GeV, 0-20%

are estimated via event mixing and :1.4<|pje< 1.6GeV .
L L3 - F
statistically subtracted 0.3{Hoose cut | e
» For tagged photons (e*e'y): the fake | veto yia emaid —— FG-BGyncor

conversion & cluster pairs has a peak shape

dN/dm,, [1/GeV]

| |
under n°® peak 0.2 I I 7 Ba,e8e,,
«10° Run14 Au+Au @ 200GeV, 0-20% [ - Bgcomb
= B | f B
80 1.4 l< p:_e < 1.6bev | | | corr
- loose cut i | Iy
i 0.1 | frg - bkg = 2.171e+05

# of sig = 2.197e+06
sig (err) = 1.695e+03
BG/FG = 2.357e-01

fake sig = 4.802e+04
esidual =2.857e+03

60— du
sig = 1.662e+05

dN/dm,_ [1/GeV]

Need to subtract the fake /0‘_ —l_ ll_ side band f(lar normalization
conversion X cluster

40—

i o 20 : 2 order pol fitting (x2)
20 pairs before counting Nt PR
i C
: -20 bkg scale down: 4.610e-02 |
= L . L L 0 0.2 0.4 0.
0 0.1 0.2 0.3

m.. [GeV] Mee, [GEV



Closure test with high multiplicity simulation

» Simulate high multiplicity it°® events

+ 280 nt’ per event, flat along n and ¢
# pr distribution: 0-10% Hagedorn

centrality c a b Do n dN 0 /dy
[(GeV/e)™?] | [(GeV/e)™H] | [(GeV/e)~?] | [GeV/c]
min. bias 504.5 0.5169 0.1626 0.7366 | 8.274 95.7
0-10 % 1331.0 0.5654 0.1945 0.7429 | 8.361 280.9
10 - 20 % 1001.0 0.5260 0.1628 0.7511 | 8.348 200.6
) NincI/Ntag

# Treat this high multiplicity simulation as pseudo-data
# Check the background sources in e*e” and e*e’y sample

# Test the background subtraction with event mixing technique

» <gf>

» N©2/Ni"d ysing the embedded single nt® simulation

» Ry=N"/N@ex<gf>
#+ Should be 1 and independent of photon pr bin




Nncl: event mixing and normalization for BGee

Use event mixing

Use MC true info

dN/dm, [1/GeV]

dN/dm, [1/GeV]

<10  Run14 high multiplicity =° simulation
60|08 < py < 1.0GeV Event mixing
i Ioo‘ge cut }
i | | SG = 1.237e+09
i } } BG/FG = 54.4%
40+ | | scale down = 0.028
C —FG
- —BG
- | —SG
20 | |
| |
C |
i |
. |
0 1 | 1 | 1 1 |
0 0.1 0.2 0.3
%108 Run14 high multiplicity n° simulation
60l-0-8 <p%* <1.0GeV MC true info
loose cut }
i | | SG =1.237e+09
i | | BG/FG = 54.4%
40 | |
| |
C —FG
- — BG
- | —sG
ool | |
| |
o |
- |
- |
0 I | ! | ! ! L ! |
0 0.1 0.2 0.3
m,, [GeV]

40
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20
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<10  Run14 high multiplicity =° simulation
_ 0.8k py < 1.0GeV Event mixing
B dzéd cut |

SG =1.043e+09
BG/FG = 12.3%
scale down = 0.028

—FG
- —BG
i —SG
J | ‘ | | I |
0 0.1 0.2 0.3
«10°8 Run14 high multiplicity n° simulation
- 0.8l p*° < 1.0GeV MC true info
- dzed cut |

30

SG = 1.045e+09
BG/FG =12.1%

20 —FG
- —BG
i —sG

10

07 1 | 1 1 | 1
0 0.1 0.2 0.3



Nncl: event mixing and normalization for BGee

» Event mixing & normalization works better in tighter conversion selection

cases
Run14 high multiplicity =° simulation
- F
o - loose cut
R0k
g = . e via evt mixing
% 10° = * % ® via true info
105 = °
104 = °
10° £ .
10°
E [
10 §_I | | | | | | | | | | | | | |
ol.05F
I 12—-°-L"—'—'—J——7L——"‘__
'Io.95§—
0 2 4 6 8
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Run14 high multiplicity =° simulation

dzed cut

e via evt mixing

® via true info




N'2g8: event mixing and normalization for BGuncorr & BGcorr 10

» Un-correlated bkg: BGuncorr

# pick two tracks from event 1 and pair with
clusters from event 2

# Normalize BGyncorr Using integral in

[0.25,0.45] GeV
40
» Correlated bkg: BGcorr

# BGcorr + BGcomb: pick one track from event 1,
one track from event2 and pair with
clusters from event 1 & 2 20

* BGcomb: pick one track from event 1, one
track from event2 and pair with clusters
from event 3

dN/dm,, [1/GeV]

% Normalize BGcorr + BGeomb (see next slide) 0

#» Normalize BGcomb Using integral in 20k
1 : Il.f'i"u I"n tH
O; -—

[0.65,1.00] GeV -%
. C 10}
» FG - BGyncorr - BGcorr and then residual -20

bkg subtraction

0 0.2 0.4 0.6 0.8 1

%10° Run14 high multiplicity «° simulation

0.8< pe*e <1.0GeV Event mixing

— FG
FG-BGiy
BG

uncorr

side band for normalization

—— 1 order pol fitting (%?)




N'2g8: event mixing and normalization for BGuncorr & BGcorr 1

# of fake conversions # of fake conversions in {fake conversion & cluster pairs}
# of conversions # of conversions in {conversion & cluster pairs}
x10° Run14 high multiplicity n® simulation
% 0.8 <p® <1.0GeV MC true info
O] FG/(BG__+BG,_ ) =12.1%
4o o¢  Run14 high multiplicity n° simulation E
% i 0.8J< pe° < 1.o|bev MC true info =
- dzed cut o
S | E
':' [ % | SG = 1.045e+09 >
g L | | = Z
E : | | BG/FG =12.1% ©
O I
> - |
S ook | | —FG
L | —BG
- | —SG
| |
1o | |
. |
N |
- o)
0 1 | 1 1 1 1 | 1 1 _':,
0 0.1 0.2 0.3 LCEU
me [GeV] ¢
. 1
Mg, [GeV



N'2g8: event mixing and normalization for BGuncorr & BGcorr 12

# of fake conversions # of fake conversions in {fake conversion & cluster pairs}

# of conversions # of conversions in {conversion & cluster pairs}

x10° Run14 high multiplicity n® simulation

10 ~
OF —f——

side band for normalization

% _O.d < p‘*e <1.0GeV Event mixing
_ . _ Q) _dz1|ad cut
x10°  Run14 high multiplicity =" simulation —

— 40 - — — .
% L 0.8k P> < 1.0GeV Event mixing = | _FG
O i dz‘gf' cut I _gm 40~ I FG-BGeoy
':q') 30 I I SG = 1.043e+09 > | BGuncor
E(D | | BG/FG = 12.3% © |
o scale down = 0.028 |
= | |
S oL | | —FG 20

| | —_BG

| | __sG

| |

| |

| |

| |

Ratio

20 - 1 order pol fitting (x?)
! | 1 1 1 1 | 1 1 E 1 0 ;ﬁ_‘ cee _@:‘j—tﬂ
0 0.1 0.2 0.3 1 8 3 wﬁﬁﬁmﬁ
m,, [G eV] :20 | residual / sig: 1.43e+06 / 1.70e+07 = 7.2% |

0 0.2 0.4 0.6 0.8 1




BG subtraction for N'*2&: BGyncorr

% 0.8< p?e <1.0GeV Event mixing
Q) dzed cu11t
\ —
— |
& — FG
E 40 I:G'Be‘corr
Q BGUHCOI’I’
Z
©
20
0= —i_ o L_ | side_ban_ld for norn|1alization
@) ?8 % J 1 order pol fitting (%)
E 0 ;;‘_ — - e oy
o0C 10} |
-20 ;rgsi@uglllsig; 1..43§+0|6/.1.7.0e-|‘-07|=?.2% L
0 0.2 0.4 0.6 0.8 1
Mg, [GEV]

x106 Rgn14 high multiplicity n° simulation

dN/dm,, [1/GeV]

dN/dm,, [1/GeV]

x10° Run14 high multiplicity =° simulation

i o.j < pEe <1.0GeV MC true info
| dzed cut

Lo SG,,, = 1.767e+07
Sy SG,,.(mix) = 1.847e+07
- SG,,,/SG,,, = 15.6%

C ]

L ‘ ‘ - FG-BGuncorr

B ‘ ‘ _ BGcorr

=

— 1]}

LI

-

r

«10°  Run14 high multiplicity ° simulation

0.8 <pf°<1.0GeV

SG_, = 2.044e+07

all

SG,,(mix) = 2.125+07

—all - corr pairs
—— evt mixing

0 0.2 0.4 0.6 0.8 1

M., [GeV]
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BG su

% 0.8< p?e <1.0GeV Event mixing
Q) dzed cu11t
\ —
— |
& — FG
E 40 I:G'Be‘corr
Q BGUHCOI’I’
Z
©
20
0= —i_ o L_ | side_ban_ld for norn|1alization
@) ?8 % J 1 order pol fitting (%)
E 0 ;;‘_ — - e oy
o0C 10} |
-20 ;rgsi@uglllsig; 1..43§+0|6/.1.7.0e-|‘-07|=?.2% L
0 0.2 0.4 0.6 0.8 1
Mg, [GEV]

btraction for N%8: BG.o(r

x106 Rgn14 high multiplicity n° simulation

dN/dm,,, [1/GeV]

dN/dm,,, [1/GeV]

x10°

Run14 high multiplicity =° simulation

[ 0.8< pte <1.0GeV

MC true info

SG,,,. = 1.767e+07
SG, , (mix) = 1.847e+07

true
SGfake/SGtrue =15.6%
— FG-BG
— BG
—SG

uncorr

corr

x10°

Run14 high multiplicity =° simulation

[ 0.8< pte <1.0GeV

SG,,,. = 2.762e+06
SG,,.(mix) = 2.783e+06

—— fake - corr pairs
— evt mixing

o

06 08 1
Mg, [GeV]

o
N
o
N
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BG subtraction for N'*8: SG w/o residual bkg subtraction

Ratio

i dzed cut
10°
2 *, e via evt mixing
105 ;_ b .o ® via true info
- [
10°E ’
- ()
10° =
B .
10°E 50 S
= 2% uncertainty:
- N8 extraction uncertainty &
10 £ ysed in real data
__ | | | | | | IF | | | | | |
1.1F l
1t
R ===
0.9F oyt Jf
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Run14 high multiplicity n° simulation

dN/dm,, [1/GeV]

dN/dm,,, [1/GeV]

«10°  Run14 high multiplicity «° simulation
[ 0.8< pte <1.0GeV

Event mixing

SG,,,. = 1.767e+07
SG, , (mix) = 1.847e+07

true

SG‘fake/SGtrue =15.6%

— FG-BG
—BG
— SG

uncorr

corr

:

x10° Run14 high multiplicity =° simulation

[ 0.8< pte< 1.0GeV
| dzed cut

SG,_, = 1.767e+07

real

SG,,, (mix) = 1.847e+07

— evt mixing

l%

“ 1 1 1 ‘ 1 1 1 ‘ 1 1
0 02 04 06

|
|
|
|
— real - corr pairs
|
|
|
|
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BG subtraction for N'*?8: SG w/ residual bkg subtraction

Ratio

Run14 high multiplicity n° simulation

B dzed cut
10°
- 0'.. e via evt mixing
105;_ .o ® via true info
- [}
10°E *
103;— :
i .
102 =
- :
10
_: | | | | | | | | | | | | | | | |
1.1F
s e
- Te® 'K s {
0.9F ¢
o 2 4 6 8 1

dN/dm,, [1/GeV]

dN/dm,,, [1/GeV]

«10°  Run14 high multiplicity «° simulation
i O.j < pEe <1.0GeV Event mixing
4~ dzed cut
. SG,,, = 1.767e+07
i | | SG,,,.(mix) = 1.847e+07
3 j SG‘fake/SGtrue =15.6%
i o I:G'_BGuncorr
2 1] | — BGeoy
-] -~ SG
RN
1= [
BN
-

%1 06 Run14 high multiplicity 7° simulation
[ 0.8< pte <1.0GeV
4 fdﬂed cht
. SG,, = 1.767e+07
N SG,,,(mix) = 1.847e+07
3 ~ l residual = 1.428e+06
i — real - corr pairs
21 \ \ evt mixing - residual
-
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L
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Another way of event mixing for BGuncorr 17

» Mix with clusters from the events with at least one conversion candidate

Runi4 high multiplicity n° simulation Run14 high multiplicity n° simulation
- F - F
Qo B dzed cut o B dzed cut
o 10°F o 10°F
© - % e via evt mixing S S e via evt mixing
Z S, z
© 105 = o ° ® via true info o 105 = e ® via true info
- L] - ]
104 ’ 104 ’
B o - -
10° & 10° ¢
B ‘ B .
10° = 10° =
5 : 5 ;
10 & 10 &
: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1
o 1.1 o 1.1
© 1_‘6{»5;—;_5 _________ — © 1—%5’}%—;—@ ———————————
T oor t ** ¢ 3§ l T o9r o +
0 2 4 6 8 10 0 2 4 6 8 10
p_ [GeV/c P_ [GeV/c]




Summary 18

» Set up high multiplicity n® simulation

# Random ee pairs form the fake conversions
% Fake conversion & cluster pairs shows peak structure under it°

» Use the high multiplicity simulation as pseudo data to test the background
subtraction method

» Nind: signal extracted using event mixing is very consistent with using true info

# NU@e: signal extracted using event mixing fluctuate around the true info result mostly
within 2% uncertainty

» Next step: obtain Ry = N"/N'%& x <gf> within the simulation framework
» <gf>=Nw98/Ni"? using the embedded single nt® simulation

#+ Check if Ryis flat at 1 (no direct photon signal in the pseudo-data)
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dN/dm,, [1/GeV]

dN/dm,, [1/GeV]

400

300

200

100

0.5

Background from charged hadron contamination 20
L 0.6< pe° < 0.8GeV %' ©0.6<p <0.8GeV
i dzeld cut | 0] [ dzed dut |
[ | SG = 8.031e+03 =< 150 SG, _=7.220e+02
‘ ‘ ~— true
C ‘ BG/FG = 4.4% — SG,, /SG,,, = 4-8%
C ‘ BG,,,/FG = 0.6% E§ SG, _,./SG,,, = 0-3%
i | | — all pairs Q 100
S | zZ —— all - corr pairs
- | — fake pairs © —— fake - corr pairs
L | | — true pairs —— true - corr pairs
- | 50 —— pion - corr pairs
B — pion pairs
S |
- | o
Il ‘ Il Il I Il Il ‘ Il Il ‘ Il Il
0.1 0.2 0.3 0 0.1 0.2 0.3 0.4 0.5
m,, [GeV] m,., [GeV]
| 0.8k p‘:e <1.0GeV > . 0.8< ﬂie <1.0GeV
| dzéd cut | 8 |
| SG = 3.426e+04 =~ SG, =3.105e+03
600
- ‘ h true
BG/FG =2.9% — SG,, /SG,,, = 3.7%
- BG, .. /FG = 0.3% E§ SG, . /SG,,, = 0.3%
- | — all pairs 2 400
| Z —— all - corr pairs
i | — fake pairs © —— fake - corr pairs
— | — true pairs —— true - corr pairs
- | 200 —— pion - corr pairs
i — pion pairs
i |
| ‘ 0 RLIEH eyt aihy Pt i et
At | ‘ | | I | 1 | | | ‘ ‘ | | | | ‘ ‘ | | | | ‘ | | | | ‘ | | | |
0.1 0.2 0.3 0 0.1 0.2 0.3 0.4 0.5
Mg [GeV] me,, [GeV]



Systematic uncertainties on R, 21

» Nircd/Nte from real data:
** N2 (%) extraction (~2%)
+*» Conversion sample purity (<1%)

Runi4 Au+Au @ 200 GeV, 0-20%

Energy scale and resolution (3%) o 107 .
Conversion photon loss due to -°—u-) - ﬁf;ig:zliyngﬁﬁf&ype N
second conversions = material bu>>‘ 8- acceptance (ype C)
budget (3%) : o, oo
y efficiency (~¥1%) 6 o /= ratio (type C)
Active area (1%) i ’ ’ ’
Input pr spectra (1%) 4r

» Cocktail ratio: 2

*» n/mn° ratio (2%) [
T T e

P [GeV/c]



Fake mt° subtraction — event mixing method 22

Ratio

20

«10°8 Run14 high multiplicity «° simulation

0.d< p‘*e <1.0GeV Event mixing

—FG
FG-BG
BG

corr

uncorr

| | side band for normalization
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

—— 1 order pol fitting ()

0 0.2 0.4 0.6 0.8 1

FG = conversion & cluster pairs (pick two

tracks from eventl, and then pair with
clusters from eventl)

BGuncorr = cOnversion & uncorrelated cluster
pairs (pick two tracks from eventl, and then
pair with clusters from event2)

BGcorr + BGcomb = fake conversion & cluster
pairs (pick one track from eventl, one
track from event2, and then pair with

clusters from both events)

BG.mb = fake conversion &X) uncorrelated

cluster pairs (pick one tracks from eventl,
one track from event2 and then pair with
clusters from event3)

Residual background subtraction



Embedding in high multiplicity simulation vs real data 23

» Embed single nt° (eey) in 280 nt° event

W

i

generate eey + 280 nt® oscar file (no vertex match)
feed oscar input to PISA (use eey event vertex)
run pisaToDST (vertex smearing 0.5cm)

run analysis module (smearing & scaling constants applied)

associate true info

save charged tracks out McSingle particle+parent id, generation, vertex,
> momentum, primary id, primary vertex,
save clusters out emcGeaTrack primary momentum)

Nincl/tag: €€ and e*e’y pairs from eey event (originate from the same primary
particle)



