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The analyzed data set

Run-10 — 62 GeV Au+Au data

= EWG files (293 runs produced)
= 3 runs discarded due to QA: 311979, 312371, 312825 [*]

Event cuts:

= abs(bbcz) <20 cm
= the total number of events in the sample, abs(bbcz)<20 cm: 441.8 milion

Track selection:
= track quality =31, 51, 63

elD cuts:
= n0>2
= sqrt(emcsdphi*emcsdphi + emcsdz*emcsdz) < 3 [*]
= dep>-2 [*]
= chi2/npe0< 10
= disp<5
= prob>0.01

[*] Deepali’s H/L PWG presentation from August 12, 2010
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HBD — charge subtraction

. Charge [pe]

* HBD occupancy in the most HBD sector before subtraction: -E 100.0
central events > 95 % — 540

— 88.0

* Charge (mostly from the — 830
scintillation) is subtracted to - 780

reduce occupancy and allow
signal reconstruction

e Subtracted is the average
charge per cell, on event-by-
event basis for each
particular HBD module

e Occupancy reduced to ~30 % CAtrack
in the most central events HBD cluster  projection;point
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HBD — charge subtraction

* The subtraction is justified by the fact that the number of the
scintillation photons grows linearly with number of tracks in CA

* The example shows this for a single HBD module:

wn2: charge/pad vs. nCentral
o 16[ - * The bars represent
= AF he si f the
S 14 the sigma o
8 r gaussian fit to the
& 121 average charge
g 10— distribution (for given
o = centrality)
6
4
: slope = 0.0282 +/- 0.0021
20 offset = 0.02 +/- 0.06
1 1 | 1 1 L 1 I L 1 1 L I 1 1 1 1 I L 1 L L I 1 L L 1
% 100 200 300 400 500 600
2010-06-02 nCentral
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HBD — matching and charge distributions

HED dphi {randoms subir.)

* The charge measured in HBD is

obtained after matching cuts on
hbddphi and hbddz

* The background is estimated by
swapping technique (CA tracks
are projected to a different
module and point to a random
HBD cluster)

* The background is normalized to RYARY S R R S N S R
the matching distributions tail- e L

| ﬂf [chhl and dz cut) HED chuﬂa [rmdoma subfr.)

to-tail and subtracted T T " —

so00f
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dphi [rad]
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e S/Binside the matching window
~ 0.87 (for Minimum Bias)

ao0of
3000k
aooof--

1o00f--

Uﬂ 20 40 E Elﬂ 100 ¥ I I 20 I 40 I ’ é I Hﬂ
charge [pa] charge [pe]
— signal+background
— packground
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HBD — pattern recognition

HED size {randoms subtr.)
L] L] L] L]

* The random matching in HBD is due to the fact
that CA electron tracks originating from
conversions in and after the HBD backplane
have no real matching hit in the HBD

B ] Ll
cluster size [pads]

max pad charge

* This background is being removed in two steps:
1. Rejection of 1 pad clusters

2. Rejection of clusters with the maximum
pad charge below a certain threshold. This
threshold is centrality dependent

| i1 B
charge [pe]

max pad charge

— signal =
—— background roree el
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HBD — pattern recognition

" _ Before p.r.
» The pattern recognition significantly P

After p.r.

HBD dphi

improves HBD signal to background 0f

- The efficiency is estimated from MC =3
simulation of single electrons oo}
embedded with HBD MB data zonnf.

i L L i

i

i ]
T R R N
dphi [rad]

1 .-
01 015

A5 04 D05 [1] 0ns

0.1 0.15
dphi [rad]

* The single electron detection
efficiency in HBD is summarized as
follows:

Pure MC, single electrons ~93 %
1 ~ 0,
MC embedded with HBD 80 % S/B ~ 0.87
MC embedded with HBD + ~66 %
pattern recognition
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S/B ~2.68



HBD — recalibrator

 The HBD matching distributions are recalibrated for:
* momentum dependence

e different ,centrality”. , Centrality” bins temporary defined according to bbc
charge. Bins used are: 0-10%, 10-20%, 20-40% and 40-84%

* HBD cluster size: 2, 3, 4, >=5 pads in a cluster

* The next slides show examples for one centrality bin, the same
procedure is applied to all bins.
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HBD — recalibrator — hbddphi

Cluster size =2 i ‘ 0 < centrality < 10 | ‘ Cluster size =3 i 0 < centrality < 10
| sigma_dphi vs mom | | sigma_dphi vs mom | v
2003 20,03 — 2centrality”:
:-|025 - PO -4.168 + 0.06345 :.|025 - Po -4.431+ 0.02876 O_ 10 %
E, pl -6.259 £ 0.3036 E, pl -4.308+ 0.1592
mo_oz — p2 0.01231+ 6.872e-05 mo_oz } p2 0.01351+ 7.691e-05
0.015 —L 0.015 —\\ ﬂ
ool 1 ool hbd cluster
: : size =2
0.005— 0.005—
°o-""o's""1""'1'5""z""z's;"'é"'é'.r;"‘a °o:""o's""1""'1'5""z""z's;"'é"'é'.r;"‘a
. _ right:
[ mean_dphi vs momentum [ mean_dphi vs momentum
%005 é ¥2 { ndf 2022/9 %005 é %2/ ndf 574/9 h bd CI uster
0,004 . 0,004 \ )
- -7.496e-05+ 3.209e-06 - -7.465e-05+ 2.565¢e-06 —
§.003F §.003F Size = 3
E pl 0.0003622+ 3.564e-05 E p1 0.0004584+ 3.000e-05
B.0025 B.002E
0.001F . 0.001F .
O i— .- - I _[ 0 i_ o ] . I
-0.0015f i -0.0015 7 i .
-0.002} -0.002}
-0.003F -0.003F
-0.004 -0.004 [
B0 b b b e Bl e b b L
0.005% %95 "1 15 2 25 3 35 4 0.005% %95 1 15 2 25 3 35 4
mom [GeV] mom [GeV]

* sigma(dphi) is fitted with: f(x) = Exp(p0 + p1*x) + p2
* mean (dphi) is fitted with: f(x) = p0/(x*x) + p1
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HBD — recalibrator — hbddphi

0 < centrality < 10

‘ 0 < centrality < 10 ‘ ‘ Cluster size >= 5 i

sigma_dphi vs mom

sigma_dphi vs mom

g 6,
2003 — £0.03 P E—— .Centrality”:
-;.|025 r PO -4.595+ 0.02858 :.|025 - po -4.965+ 0.02427 O_ 10 %
E’ r . 990+ 01580 En = .\.\\.\ p1 .3.104+ 0.1629
m0.02 — :\\ p2 0.01591+ 8.557e-05 "'0_02 :— 2 p2 0.01906+ 0.614-05
- - I - .
0.015— - B 0.015— ﬂ
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- F Ize =4
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%:l oo e by Ve by e L b s 1 :1 v b b by e by b by L
05 1 15 2 25 3 35 4 05 1 15 2 25 3 35 4 ight:
| . . rignt:
005 mean_dphi vs momentum [_ mean dphi vs momentum
%_ g 2/ ndf 619.6/9 20055 _‘ 22/ ndf 6205/9 hbd Cluster
[« N
.01004 E po .5.201e-05+ 2.6-06 01004 £ ! PO -5.200e-05+ 2.272¢-06 I =
E-OOS? pt 0.0001952 + 3.141e-05 §-003? [ 0.000523+ 2.793e-05 Slze >_ 5
§.002 B.002) i
0.001— E 0.001F . . i
oF. ~ ‘ 0./
-0.001E [ L -0.001
-0.002F -0.002
-0.003 -0.003F
-0.004 E_ -0.004
-0.00_""I""I""I"""""""""""" E. o0l b b b b e e
% 05 1 15 2 25 3 35 4 000% 065 1 15 2 25 3 35 4
mom [GeV] mom [GeV]

* sigma(dphi) is fitted with: f(x) = Exp(p0 + p1*x) + p2
* mean (dphi) is fitted with: f(x) = p0/(x*x) + p1
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HBD — recalibrator — hbddz

Cluster size = 2 i 0 < centrality < 10 | ‘ Cluster size = 3 i 0 < centrality <10
L sigma_dz vs mom sigma dz vs mom
N 2.5 N 2.5 5
'Ul B %%/ ndt 57.33/8 'UI I~ %/ ndf 69.39/8
E N p0  -0.9109 0.04636 E N p0  -0.2159+ 0.06054
o 2+ o 2
ﬁ o pi -3.379 + 0.3245 ﬁ pl -6.229 + 0.3256
: p2 0.8022 + 0.009028 p2 0.9105 + 0.004272
150 151
C | C
1:—-\“‘ | 1:—\'\-_L
0.5[ 0.5
PEETETES EYETETEE BYET AT BT AT BT e v v vy byl oo by by s by by by by
b "95 1 15 2 25 3 35 4 05 1 15 2 25 3 35 4
[ mean dz vs momentum ] mean_dz vs momentum
N 0.5F — N 0.5F
-UI E x?/ ndf 48.96 /10 'BI E #2 1 ndf 70.43/10
5 0.4 c 04
Q Z_ po -0.01502 + 0.001515 g Z_ po -0.004057 + 0.001266
g 03- g€ 0.3
0.2 I 0.2f
0.1 | 0.1
Of et 0F == T
0.1 0.1
-0.2F 0.2
-0.3F -0.3F
0.4F 045
QBB L b L L L L Ee v b b by by b b s
0% %05 1 15 2 25 3 35 4 05 g5 T 5 2 45 3 33 4
mom [GeV] mom [GeV]

e sigma(dz) is fitted with: f(x) = Exp(p0 + p1*x) + p2
* mean (dz) is fitted with: f(x) = pO
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Centrality”:
0-10 %

left:
hbd cluster
size=2

right:
hbd cluster
size = 3
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HBD — recalibrator — hbddz

/Mi ‘D::emralltycw | ‘ Cluster size >= 5 i ’m‘
s 2_5\7 sigma_dz vs mon, __ | s 2_5\7 sigma_dz vs mon _ | .Centrality*
El E B G/ TGnEnE El E PO -0.5243 + 0.04992 0_10 %
% 2 p1 AT ST % 2 pi -4.351 £ 0.2099
LSZL it B |eft:
1 — 1 hbd cluster
osk osb size =4
e S S ¥ S-S T e I MNP N - B I’ight:
[ mean_dz vs momentum [ mean_dz vs momentum
%.lo.sz ! ndf 5153110 %|0.5E 2/ ndf 121.1/10 hbd CIUSter
c 04 c 0.4 . _
Eo-s; po 0.004113+ 0.001273 20-3; p0  0.02639 + 0.001128 Slze >— 5
0.2 0.2f
0.1F ' 0.1f _ ;
oi_-___.. . . E I 0? - & =
-0.1f -0.1F
0.2 -0.2F
0.3 0.3
-04F -0.4f
D ey B T T T SO
mom [GeV] mom [GeV]
* sigma(dphi) is fitted with: f(x) = Exp(p0 + p1*x) + p2
* mean (dphi) is fitted with: f(x) = p0/(x*x) + p1
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HBD — after recalibration

Cluster size = 4 i

0 < centrality < 10

sigma_dphi
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Strategy for the pair analysis

e CabanaBoy package used for pair analysis

* The background is generated using mixing in Matathias pool:
e centrality bins = 10
* bbcz bins =8 (in +/-20 cm range)
* reaction plane = not used
e pool depth =100
* The ghost tracks have been studied and the following cuts are
applied:
= ghosts in RICH: abs(xphil-xphi2)<0.08 rad && abs(xz1-xz2)<25 cm
= ghosts in EMCal: abs(phil-phi2)<0.05 rad && abs(zed1-zed2)<0.5 cm

= events with a ghost pair are completly rejected
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Pair analysis — phiV cut

the origin of the spikes is
unclear

for the time being the
following cut is used -

pairs with:

m<50 MeV/c? && phiV>2.7 rad
are rejected

9/29/2010

for the ,,- +“ magnetic field, phiV peaks at
shown is the phiV distribution for the mass region m<50 MeV/c?
the phiV cut will be optimized in the shaded region using simulation

A10° | phiV, m<0.05 GeV/c2 |

120
100:—
ol
0
a0l
20l
% 0.5 1 15 2 25 3

phiV [rad]
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Pair Analysis — background subtraction (CA)

* the background generated by the mixed event technique

) EID cuts: CA mass (++) CA+phiV mass (--) CA+phiV

° Palr CUtS 310 3 i3 E 3 i ;;;| hmassim
» ghost events removed ' -' "
* phiV cut

* the unlike sign background is
normalized as:
2 sqrt (B,.B_)

(real ++)/(bckg ++) (real --]I(bckg =)
o 2a2f T ! 3 1 hmass1ratiop 8 227 ! ! ! H hmassiratiom
e r : : : ! [Entries 7685280 e T : : : . [Entries 7654030
- e A R 07737 - 0.7747
u ! ] i | BMS 0.4485 £ i i i . | RMS 0.4487
L b [ hremnees i x® et 7421 /18 1.8 1 H : i1 % et 17.48/18

aC i i i i L i i
0 02z 04 06 08 i 12 14

9/29/2010 M. Makek - WIS 18




Raw mass spectrum (CA)

* raw mass spectrum with CA only:

mass (+-) CA+phiV mass (real-bckq,+) CA+phiV
mass1_

-
(=)
%
-
(=)
%

veeroi | Entries 126729843

183728307

: o2 ] : : : :

: niries E . H [ [ ¥ [ :

i n od1e7 | Mean 0.07518

: E 5 —{—Suhtr.ncied }

: 0223 510 N Tmor| AMS 01747

i | Underfiow 0 % . ¢ | undertiow ]
=

| Overflow =

Yield/so MeVie®
-
=]

'.-ﬁ.|_____'______.‘_ ”Im 41?

¢ | integral 1.8378407 Vamey : : : ¢ | integral 1.0852+06

-
=
(3

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

A TP ; ;
T o e
10 10 ....... ...... ﬂ F it Tri'ﬁ ....... I
10y We %5115 2 25 3 35 4 45 5
m_, . [GeWic”]

* m<0.15 GeV/c% * m>0.15 GeV/c?%:
Signal =9.9 10° Signal = 1.0 10°
Backg.= 1.66 10° Backg.= 1.36 10’
B/S ~ 1.7 B/S ~ 130
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Pair Analysis — background subtraction (CA + HBD)

* the background is generated by the mixed event technique

* EID cuts: CA+ HBD .
* the pair cuts:
» ghost events removed “E
* phiV cut :

107

» the unlike sign background
Is normalized as:

(real --).f(hcks --)

2 sqgrt (B,.B.) g 220 , g a2 e
2 H : : [Entrles 400135 | & i : : . [ Entries 489459 |

L e 1 Mean 0.749 2r : : : "] Mean 0.752

: : ¢ | RMs 0.4505 E : : ' | RMS 0.4507

L0 e SCRetPt I [ e 7.406 /18 L e A Pl 17.86/ 18

: : : 1+ 0.0 E : : ¢ Lpo 0.9994 + 0.0041

v H - = T
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Raw mass spectrum (CA + HBD)

* raw mass spectrum with CA and HBD matching:

mass (+-) CA+phiV+HBEDmM ] mass (real-bckg,+-) CA+phiV+HBDmM
10 . : : : : : hmass2

-
=
%

Entries 1314340
¢ | Mean 0.3345
-] AMS 0.301
i | undertiow 0

: Onarf lona 2
¢ | Integral 1.3158+06
! . . . 10®

Yield/so MeVic®
—
[=)
Yield/s0 MeVic®
—
[=)

10®

10 f-—

£l
We 05 1 15 2 25 3 35 4 45 5
m_._. [GeVic’]

m < 0.15 GeV/c?: * m>0.15GeV/c2: * Signalin HBD/CA:
Signal = 3.4 10° Signal =9.0 103 * m<0.15 GeV/c* 0.32

Backg.=1.2 10° Backg.= 8.5 10° * m>0.15 GeV/c%: 0.09
B/S ~0.35 B/S ~ 95 —> factor of ~3.5 difference
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Raw mass spectrum (CA + HBD)

* When HBD matching is applied, the background is reduced by more
than a factor of 10

* At the same time the signal is reduced with almost the same factor so
S/B is only slightly improved (especially in the mass region > 0.15
GeV/c2)

e Questions:

1. Why do we lose so much signal when applying HBD matching — are we
somehow over-subtracting the background?

2. Why is there a difference in the signal loss in the low and the high mass
regions?
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Raw mass spectrum (CA + HBD)

In orded to assess the HBD efficiency we use the embedding
Single electron reconstruction efficiencies for different particles and centralities:

Embedding
Centrality DATA phiee jpsiee pideeg etaeeg
0-10% @ 017 | 055 = 057 @ 081 | 0.74
030% @ 02 064 064 = 083 | 0.78

the pair efficiency (for embedding) in the low mass region (pi0—>eeg) is ~ 0.69
the pair efficiency (for embedding) in the high mass region (phi—=>ee) is ~ 0.40

there is a difference in the efficiency due to the different type of hits in HBD:
* pi0>eeg produces mostly double hits in HBD, while phi=>ee produces single hits.
* Single hits are more affected by the cuts used, therefore the efficiency is lower

This could partially explain the mass dependence of the HBD efficiency
But absolute efficiencies in the data are still unclear
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Outlook

e understanding of the HBD pair efficiency
e applying the HBD rejection
e extraction of the pair efficiency corrections
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