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Physics Motivation



Physics motivation: Di-electrons

 QGP (Au+Au/d+Au/p+p)
« Heavy mesons (J/¥Y) and
open charm (Au+Au)

- Au+Au deconfinement in
QGP, Initial state
effects

 Light mesons (w, ¢)

— Chiral symmetry
restoration -» 1in medium
modification of mass and
width, flow

e Direct photons
- Temperature of QGP
 Spin physics (p+p)

- J/V spin asymmetry
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Di-electron spectra i1n PHENIX

 Pros
« Very good eid with RICH and EMCal

* 1% momentum resolution at ¢ region

« Excellent triggering (for high rate
p+p events)

« Low material budget (- Little
conversion background)

e Cons

« Limited acceptance

- 1° Dalitz and conversion
(dominant source of
electrons), only one leg

- Foreground spectrum 1s
dominated (200:1 at the
worst points) by
combinatorics

Phys. Rev. C 81, 034911 (
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Overview of the HBD



The Hadron Blind detector concept

 Reduce combinatorial background

« Tdentify Dalitz and conversion electrons even if only one leg
reconstructed.

« Exploit small opening angle: Field free region up to active
surface of HBD

« Signal electrons leave single hit amplitude and background
electrons leave double hi

£
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. Dalitz decays peaked
N

. around 2m,_

Photon conversions peaked

Heavier meson decays have "> around 2m,
large opening angles




HBD design

Windowless proximity focusing Cerenkov
detector

Both radiator and GEMs operated using
pure CF, (n=1.00062,LMD=50cm) in the
same enclosure (<lppm H0/0,))

Cerenkov from electrons forms blobs
(r~3.36cm, a~9.9cm?) on image plane

3 stage amplification:

« Triple GEM stack with CsI coating on the
top surface of 1% GEM foil.

« 1.5mm transfer gaps with total gas gain of
5000 for a moderate bias

Anode read out: Hexagonal pads of side
~1.55cm (a~6.2cm?)

Hadron blindness: Reverse biased mesh,
on top of GEM stack collects primary
ionization from charged hadrons.

Operated successfully in 09 (p+p) and
10 (Au+Au)
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Scintillation & HBD Gain

calibration
* Gain calibration: o e S

] ] |R8, single pad hits, EN3| RB, single pad hits, EN3|| 7/ner 108118
fitting the

scintillation vyield

* ADC count
distribution from
ldentified single
pad hits fitted to
an exponential:
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HBD i1n p+p collisions



HBD operation 1in p+p collisions
EAST

The 200GeV part of
run9

Magnetic field +-

WEST

used for 200GeV part [

Reverse Bias

operation mode -
hadron blind

Clean events

Relatively simple
clustering
algorithms work
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Track matching to clusters

 Residual distributions between track projection
position 1n the HBD and reconstructed cluster

Source: Open Dalitz electron pairs (m<150MeV, large opening angle)

M s M M z - " M M 2
Matching in @ direction |[*'"" 1274110 Matching in Z direction || **/ndf AL L
u LILILIL I LI I LILILIL I rrri pn £zsb/e bl u LILILIL I LI I LILILIL I rrri Pn 232'?t 17‘8‘
@ Dalitz open pairs Pl 7.205-05.£3.8440-04 o Dalits open pairs | | p1  -0.3003= 0.0527
-~ < 015 GeVic? p2 0.009826 = 0.000530 -~ <015 GeVic? p2 1.41+0.12
—§— Matching in A® p3 629 21041 " | —— Matching in 52 p3 21.44 = 19.46
p4 T 300 -— ‘ .................. P4 e
400_ ................. . .................... . ................. p5 1.3018+04 = 6400 P5 0_920410_9746
200k e L — -
200k _— SN 16 VO S _ _ _ | . _ _ _
: | : : : 100 — R . T — — —
SO B S S A AL
p H £ i B : :
Flﬁfﬁlﬁ.l'“l.l AT e 'l‘l..l 'W M’.‘.ﬂ ||||||||

-&15 0.1 -0.05 0 0.05

aegen deyimyy )
0.1 0.15 -QIE =10 -5 0 5 10 15

A®D (rad) AZ (cm)

o(Ad) ~ 0.01 rad

oc(Az) ~ 1.41 cm

llia Ravinovich

12



Response 1n p+p (single vs. none)

« Response to hadrons and electrons in RB mode

« Central arm tracks projected to HBD

« Single electron: From open Dalitz pairs (m<150MeV,large OA)

Pulse height

21 ndf 126.9/96 Charge of the matched clusters Entries 4860
Run-9, p+p at\s = 500 GeV/c, (+-) field, RB . — — Mean 26.37
o T T T ] T T T T T | Constant 7132+ 19.9 % I I RMS 14.52
2 150 | [~ Dalits open pairs || Underflow 0
= All East and West modules MPV 0.8193 + 0.0242 Overflow 24
—+— Charge of the hadrons in RB Sigma  0.5012+ 0.0135 B m < 0.15 GeV/c’ itegral 4836

Landau fit of the spectrum 800 | _+_ Cluster Charge _
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20000714

Hadron dE/dx signal in the small (~100um) region above the top GEM
and in the first transfer gap very small wrt electron Cherenkov signal
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Response 1n p+p (single vs. double)

« Response to hadrons and electrons in RB mode

« Central arm tracks projected to HBD

« Double electron: From closed Dalitz (m<150MeV,o0a<?)

Pulse height
Charge of the matched clusters Entries 4860
Mean 26.37
K=l R DL L .Y 14.52
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Pulse height
Charge of the matched clusters Entries 34616
Mean 40.43
2 T rrr e | Rms 15.41
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Overflow 380
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Good closed Dalitz and photon conversion rejection
while maintaining good pair efficiency
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Effect on pair

Rejection 1n p+p

 Track-cluster matching

- Backplane conversion

- Mis identified pion

- S/B larger by factor ~2
* Cut on cluster charge

- Require maximum
- No close-by clusters

- Rejects conversions and
closed Dalitz

- S§S/B larger by factor ~6.5

e Cut on cluster size

- Require minimum size of
2pads

- S§S/B larger by ~2.0

spectrum (p+p)

-
<,

Yield/50 MeVic?

| Pairs in the Central Arms, ERT 2x2 events | JOEEES Floe ]
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HBD 1n Au+Au Collisions



HBD operation in Au+Au collisions

In central Au+Au EAST WEST Charge [fC]
[ e

— 57.4

events (of highest
physics i1nterest)
getting information
from HBD is difficult

Huge amount of
scintillation light

Almost 100% occupancy

<npe>/pad ~ 11

Total signal ~ 20pe E

Simple clusterization
algorithms fail

sl

Central Au+Au event display
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Sources of difficulty

| MC background, poisson mean = 5.8 exp slope = 1.9

« High scintillation s000E-
background S00moE” f\ ]
700001 / Er-mh I-?:::ﬂu'rﬂ? 'rrnFi::_P.:ﬁ_:Eqa
« The peak can be simulated in Eunun;—fl \ me  om||Rws oo
a fast MC 500001
P(M) ”"""z_ﬁe T%h
q= Y. exp(T) 30000 Per pad measured
0 20000/ Npe distribution
« Event by event background 10000F-
. . . 0
subtraction: multiple B T )
approaches! -
10°
« The high end tail:
104 En:rmh_iggstsaszemr Enﬁﬁﬁ:_ﬂi—zﬂ}?ss
o HIP’ gitter Mean 1185 | | Mean 11,24
. RMS 8708 | RMS 6.378

« Throw out high firing pads - 1L
limit bias on background

estimators 102

« Very small loss of

acceptance (~0.4% for <60)

10
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e distribution | L

I1ﬂl Iznl 30 I4ul | - 5u 1 Iﬁnl L1 ITBI |
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Subtraction of scintillation

« One approach: Subtract event by event, pad-wise average
photon vield from every pad

« This reduces occupancy significantly

« p+p algorithms can then be run on subtracted yields

[ Central arm tracks [ Central arm tracks M Makek
ncentral ncentral u
10° Entries 9374456 10° Entries 8939925
Mean 119.3 Mean 124.7
RMS 129.2 10* RMS 120.5
10° Integral 9.374e+06 Integral 8.94e+06

10

10°
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b _,,_/\ 10 Mean 485.4
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.
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Entries 8939925

nCells

ncells ncentral
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o T P ———
% Entries 9374456 Mean x HEnt
Mean x 119.3 Mean y ass.a
Mean y 902.7 =k
RMS x 129.5
RMS x 129.2 RMS
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: Integral 8.94e4+06

Integral 9.374e+06
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Results of this method

LHS Black: all id-ed electrons M. Makek

« Signal (single hit)
« Background (double hit)

HED dphi (randoms subir.)

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

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

« Late conversions (no hit)

LHS Red: swapped
RHS: Black-Red

The subtracted matching
distributions match well the
ones seen 1n p+p

S/B = (Black-Red)/Red 43% &
efficiency ~67%

]
01 015
dphi [rad]

]
0.05 K T Y a1 0.5
dphi rad]
HEBD dz (randoms subir.)
L AREE RAREE SRR RS MR

5 T
dz [cm]

HED ﬂhﬂ'ﬂﬂ frandoms subir.)

3 ! T ! !

e T NN T

1
10 13
dz jem]

-10

Requiring that track should
point to the max firing pad,
and putting a threshold on max
firing pad improves S/B to 28%
at a cost of about 10% loss in
efficiency

%
charge [pe]

100
change [pa]

100

signal+background
—— Background (swapped tracks)
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More local background estimation

Basic idea: The best place to look for an -“%:iﬂ@:Z%A—Lwﬁ—Lmﬂ
estimator of the background for any given 3;}azﬁbw ’3339>$f
cluster is its immediate neighborhood < 35,7 { 38,

M

33,8
33,7
32,8 36,0 ‘
32,7, ' " "

38,0
There 1s some correlation between charge
measured in a triplet and charge in the

surrounding background.

37,0

31, 35,(]
Exploit this correlation to calcluate on | ‘M%Mb
cluster-by-cluster basis what the

. 307 @@@
scintillation contribution to the B {ﬂ? 1!?

measured charge in the cluster amounts to ¢ 204 \mgmsuj \nd

34,0

33,0
297

Background: « Figure of merit in comparison :
- 0.5*at* (Bkgl + Bkg2), where . width of Bkg2-Bkg1 distribution.
« Mean based: « Notation:

- Bkgl = (Zgfn) /(Zafn) and

. M, — Measured total charge in triplet area
- Bkg2 = (2gsn) /(Zasn)

Est, — Estimated background from first

« Median based: . o oo
_ Bkgl = Med(gfn/afn) and neighbors area (9 pads)
- Bkg2 = Med(gsn/asn) . Est_ — Estimated background from second

neighbors area (15 pads) 21



Mt:Es’c9+15
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Mean based estimators

Median based estimators22



Mt—Es’c9+15

hrd1QtComp tmp hrd1QtComp
Entries 1100039 | Entries 1100006
C Mean 5.39 | Mean 0.678
35000__ RMS 14.57 | RMS 12.83
30000 — subtracted
- raw
25000 [
20000 —
15000 —
10000 -
5000
NEEEEEN d IR I A ol
60 -40 -20 0 20 40 60 80 100

t fi
M"-(atx (Est9“+Estf").’2)

5

Mean based estimators

hrd2QtComp tmp hrd2QtComp
Entries 1100039 | Entries 1100006
- Mean 5.39 | Mean 3.863
35000__ [ RMS 14.57 | RMS 12.94
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B raw
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20000
15000 —
10000 —
5000 —
NEEEEEN el b e 1 I ol
60 -40 -20 O 20 40 60 80 100

t fi
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Median based estimators23




Efficiencies of local background estimation

« The pre-cluster triplets merged around track projections. The
efficiencies below plotted are as a function of merging window
radius (track projection to CG of the pre-clusters)

I—Efﬁi:iency () vs. merging window size (r_}, centbin=0 | I—Efﬁi:iency () vs. merging window size {r_}, cenibin=1 | ]—Efﬁlcifncy e} vs. ing window size {r_}, centbin=2 ]
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Rejection of local background estimation

« The pre-cluster triplets merged around track projections. The
efficiencies below plotted are as a function of merging window
radius (track projection to CG of the pre-clusters)

]—Efﬁ{:iency (€} vs. merging window size [r_), centbin=0 | ]—Efﬁ‘i:iency {e) vs. merging window size {r_), centbin=1 | I—Eff:i:iency {€) vs. merging window size [r_), centbin=2 |
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Real data golden tracks

* MB events |zvtx| < 10 cm, and contailning
clearly identified electron pairs

. : eid && M<7MeV && 9Mev<M@<16Mev && oa_ <30mr
- Open Dalitz pairs : eid && M >10MeV + Mm<SOMeV && oam>150mr

- Closed Dalitz pairs : eid && M >10MeV && Mm<SOMeV && oam<30mr

mt¢_ vs m®® Invariant mass of golden pairs hmass_backplane_conv
atm cgl | 9 P ‘ Entries 25087
;0.08 - 6001 §000 Mean 0.01235
3 u . % C RMS  0.001834
07k = C
;‘p - —5001 5000 —
0.06 B
- —14001 4000
0.05F 8
0.04 - " 300 3000
0-03 : i-_: - :-_--I 5 -:-1_'_:. =
- P —2001 2000
0.02} I
1001 1000/
0.01 i
% 0 O 002 004 006 008 04
m, [GeV]
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Confirming Bplane rejection

Efficiency (£) vs. merging window size (rmﬂ, data vs. emb, centbin=i ‘ Efficiency (£) vs. merging window size (rmﬂ, data vs. emb, centbin=1 ‘ Efficiency (¢] vs. merging window size (rm!, data vs. emb, centbin=2 |
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« This shows not only we select a very good sample of backplane
conversions (if both legs are reconstrcted) but also embedded MC has
a good control over background rejection estimations
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Last possible level of detail

Use central arm projection to determine which

pads are relevant for the track in question
#3

Expected cluster
Black: #0

Red: #0, #1
Green: #0, #1, #2
Blue: #0, #1, #3

#2 Y. Watanabe

Do event by event pad by pad subtraction of
estimated scintillation background

Sum the charges 1in the deemed relevant pads

Determine a threshold for any level of back
plane conversion electron rejection, and see
1f the efficiency for signal is enough
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Efficiency

Results from pointing method

 This method seems to give a good combination of
rejection and efficiency. Wizmann collaborators
have started doing actual analysis using this.
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Taking this i1dea a little further

Third pad

Second pad

Track projection

Neighboring pads: background
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1t pad distribution(central events)

« At 1% neighbor background >9
« Embedded vs. Swapped tracks (Embed Omega—>ee )

4 p bins
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2™ pad distribution (central events)

« At 1% neighbor background >9
 Embedded vs. Swapped tracks (Embed Omega—>ee )
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3@ pad distribution (central events)

« At 1% neighbor background >9
* Embedded vs. Swapped tracks (Embed Omega—>ee )
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Efficiency vs. cut on NN variable

Graph
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Summary

The HBD was operated in run 9 (p+p) and run 10
(Au+Au) collisions

The p+p data analysis seems to show that the
design objectives are met

In Au+Au events, the objective 1s difficult to
meet as a result of high scintillation
background

Multiple approaches to handle the problem are
being investigated, the current status of
these approaches was discussed.
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Effect of upper limit on pad npe

« Before clusterization one can set npe=0 for those pads that fire above a
certain upper limit

0.8

0.6/

0.4

0.2/

SERN)

0

a0

Plot on left: Event averaged fraction of acceptance loss incurred by throwing out
pads firing above un UL, vs. the value of the ul for different centralities

Plot on right: Fraction of pads firing above upper limit to those firing below upper
limit but still above threshold
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Cutting at 50 seems safe. <2% of fired pads are lost

even in most central event 10



Efficiency and Rejection
centrality: 20-40%
AuAu@200GeV
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e e | e Ekgrojection

01 02 03 04 05 06 07 08 09 1
NN variable




Efficiency and Rejection
centrality: 40-60%
AuAu@200GeV

# Signal Efficiency

# Bkg rejection
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Efficiency and Rejection
centrality: 60-92%
AuAu@200GeV

# Signal Efficiency

# Bkg rejection

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

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

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

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

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

IiIllllllllillllil*lli!lllilII-iII-IiI..IIi..III

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
NN variable



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	1st pad distribution (central events)
	2nd pad distribution (central events)
	3rd pad distribution (central events)
	NN result: 0-20% most central AuAu@200 GeV
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Efficiency and Rejection centrality: 20-40% AuAu@200GeV
	Efficiency and Rejection centrality: 40-60% AuAu@200GeV
	Efficiency and Rejection centrality: 60-92% AuAu@200GeV

