ZDD at BESIII

R. Baldini Ferroli and A. Zallo
for the ltalian BESIII Group

December 17, 2010 - Giessen, Germany



Design and Installation




BESIII and ZDD
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BESIII Lumi detector




BESII Lumi etectr




August survey of the region, no Lumi detector
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August survey of the region, no Lumi detector, top view
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Two options:
LYSO and Pb-Scint




LYSO design

Front view

(cross section) Side view

45 mm 160 mm
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@ Two 3x2 matrices of 1.5x1.5x16 cm?® of LYSO bars
& Total volume 864 cm?
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Pb-Scintillator design a la Kloe

Front view ) .
(cross section) Side view

70 mm
10 mm)| 30 mm

30 mm

45mm

d Along z axis: :,g N I
320 grooved 0.5 mm thick lead foils K@A ;}»»1_‘_,’
alternated with layers of cladded R\ AN %
1 mm diameter scintillating fibers 0. S
] | & scintillating fiber
@ Readout with PM p—
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Physical properties of mater

Material LYSO | Pb-Scint

Density (g/cm?3)
Radiation Length (cm)
Moliere Radius (cm)
Decay Constant (ns)
Peak Emission (nm)

Radiation Hardness (rad)
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Radiation hardness

J Radiation damages mostly due to Bremsstrahlung: ogre(ZDD/4) = 2.6 mb

& One year of data taking: T=15x10"s
& Average luminosity: L =15 x102cm—2s~1
@ Center of mass energy: Ec.m. = 3.77 GeV

3x10%21 eV
T2 - " —4x10°rd  1ysO
0.12kg <7 vear

Dose absorbed _ energy deposited
year ~  year-mass

3x1021..2 eV
13~ _q06rad Scint

1.8x10—2kg year

Declared hardness
® LYSO ~ 108 rad
® Scint. ~ 10° rad
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Energy Resolution




LYSO GEANT4 simulations
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LYSO GEANT4 simulations

Deposited energy/E,
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Energy resolution, the ISR case

ISR angular distribution on ZDD Energy resolution for ISR
—~ 40 < 40
E 3\/ ® LYSO
> % { o Pb-scint
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X (mm) Ev (GeV)
LYSO Pb-Scint

E, (GeV) | og /Ey | o€, /Ey LYSO | Pb-Scint
15 5.7% 12.9% Ci | 43% | 69%
1.0 6.4% 15.1 % C | 4.6% 13.4 %
0.5 7.8% 20.1 %
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Bremsstrahlung simulation
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J ISR in ZDD 13.7% of total solid angle

Epeam = 1.89 GeV
EMin = 50 MeV

ogre(47) =353 mb
ogre(ZDD) = 10 mb

L£L=8x102¢cm—2s~1

& Bremsstrahlung in ZDD 2.8% of total solid angle
& Bremsstrahlung rate in a single ZDD element (upper or lower):

800 kHzat £ =3x10% cm2s!

21MHzat £ =8 x10% cm—2 s

\SE
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Bremsstrahlung rate
L =3x102cm—2s!

Bremsstrahlung rate Integrated
in 10 MeV E, intervals Bremsstrahlung rate
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Pileup effecty: signal generatio

Maximum Bremsstrahlung rate expected 2.1 MHz (ZDD/4)

& Flash ADC: 500 MS/s, 8-bit resolution
d LYSO signal:

Intensity = e~ /7¢(1 — e~ /™)

rising time 7 = 2 ns, decay time 74 = 40 ns

T T —~ 300 T
= 1000 Mev ;/ E, = 1000 Mev
T gre = 2000 kHz > T gro = 1500 kHz
g . 1 §= |~——ISR o ]
~—ISR 2
L ] 1001 ]
LWL L, I N\\A 0 "‘u f\._u L f'w_l
0 1000 o 0 1000 CC—
T T ~300— T
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Pileup effects: probability

Probability of pileup

as a function of the Bremsstrahlung rate
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Pileup effects: probability

Probability of pileup

as a function of the Bremsstrahlung rate
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Pileup effects: probability

Probability of pileup

as a function of the Bremsstrahlung rate
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Pileup effects: probability

Probability of pileup

as a function of the Bremsstrahlung rate
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Pileup effects: probability

Probability of pileup

as a function of the Bremsstrahlung rate
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Pileup effects: evaluation

® 500 events have been generated at various rates

e E.g. at 2500 kHz:
158 (31.6%) have Afisg < 160 ns ~ 4 decay times

e We fit these signals to verify our capability to
distinguish ISR and Bremsstrahlung contributions
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Pileup effects in T = 160 ns

@ The fit goodness is expressed as (o /E)it = (Egen — Eiit) /Egen,
where Egen is the generated ISR amplitude and Eg;; is its fitted value

7% ~ ‘LEE LYSO

J We consider as a reference accuracies:
15% ~ "T:f Pb-Scint

J E,  €[0.5GeV,1.5GeV], mild dependence on E, ¢

Pileup in 160 ns (UE/E)fit > 7% (UE/E)fit > 15%
(%) (%) (%)
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Present ZDD Design

| Side view

Front view |




First ZDD prototype, September 2010




First prototype,September 2010
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Cosmic rays test for first prototype




Cosmic ray setup @ LNF

>_

N

‘paletta’ (15x3x1) cm?3

ZDD prototype

(13x10x4.5)cm?3

ADC

PM, Hamamatsu R6427
¢ =2.5cm
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Cosmic ray test: preliminary results

ADC Counts
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Cosmic ray test: preliminary results
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Paletta TDC Counts
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Physics
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The nnvs physics case

ete~ — nng at a center of mass energy: Ec.m. = 3.77 GeV

2 EZ.m.

Beam pipe suppresses sinc. rad. bkg. and s with E, g < 50 MeV
~s in ZDD and only antineutron detected in BESIII

ags Ec,m, 4M,27
Initial state photon energy range: 50 MeV < E, < 1—

Events/0.020 GeV

50|

=
Q
]

[ 10000 evts

J 10000 events with g — ZDD

2E
O Mhag = Ec.m. 4 [1 — =18
Ec.m.

2 25 3 35

Mg (GEV) (20
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The nnvs physics case

ete~ — nng at a center of mass energy: Ec.m. = 3.77 GeV

2 EZ.m.

Beam pipe suppresses sinc. rad. bkg. and s with E, g < 50 MeV
~s in ZDD and only antineutron detected in BESIII

ags Ec,m, 4M,27
Initial state photon energy range: 50 MeV < E, < 1—

[ 10000 evts
I 6145 evts 0 Geom. cut

J 10000 events with g — ZDD

2E
O Mg = Ec.m. 1 /1 — =25
Ec.m.

J Geometrical cut:

2 n — BESIII
2 No constraint in n

Events/0.020 GeV
=
o
o

50|

Mg (GEV)
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The nnvs physics case: Kine

Inputs (6)
® n 3-momentum (TOF)
® ~5 3-momentum (ZDD)

Constraints (4) Unknowns (3)
® 4-momentum cons. ® n4-momentum

2 [LYSO ™
o
@103

109

10

1

\‘l\l\\‘\\\‘\\\
0 20 2 60
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The nnvs physics case: Kine

Inputs (6)

® n 3-momentum (TOF)
® ~5 3-momentum (ZDD)

Constraints (4) Unknowns (3)
® 4-momentum cons. ® n4-momentum

o anly

tracks i GP:

— T — T T
é | LYSO [ 10000 evts g Pb-Scint [ 10000 evts
o L I 6145 evts (] Geom. cut o L I 6145 evts 0 Geom. cut
8 Il 6106 evts O Kin. fit 8 Il 6100 evts O Kin. fit
o 100] S 100
g | B |
= =
w o

50 50

0
2 25 3 35 2 25 3 35
M, (GeV) M, (GeV) 21
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The nnr® background

& ete—— nn=Y is one of the main backgrounds

d Assuming o(ete~ — nan®) ~ o(ete~ — ppn):
Ev(nnn®)
Ev(nn~)

Ev(ppr°)

M. ~R =
[Myas)] BABAR = £y (55

[MT(4S)} = 0.06

& In BESIII, directly at the »(3770) mass:

0.012 1
R = 0.06 _— — | =224
BESIII X <3 ><10—5> X (10'7>
—_—— ————
pp~0 cross section ratio  Lum. ratio

’)’|s—>ZDD

ZDD solid angle

BESIII solid angle
2.(2-4.5.3/349%)

47 COS Onin

= BV 7 0%) o008

Ev(nn~v, v — 09)

= 3.8-10~°
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The nnr%vs background

Events/0.1 GeV

ete~— nnnl~g

is a severe background
having the IS photon

Yields from BABAR

—nn

——nnr? ]

3 35
M, (GEV)

After geometrical cut
High contamination at high M4

LN B s s e e B s e
4940 nn evis

I 1361 o evts

Events/0.020 GeV

2 25 3 35
Mg (GEV)
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The nnr%v5 background reductio

& = detection in BESIII: at least one of the 7 photons with £,>50 MeV in BESIII
not in a 200 mrad cone around n direction

[ 4940 nn evts

I 1361 nnr? evts

Events/0.020 GeV

M, (GeV)
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The nnr%v5 background reductio

& = detection in BESIII: at least one of the 7 photons with £,>50 MeV in BESIII
not in a 200 mrad cone around n direction

Jd Kinematic fit: x% <10
> T T > T - T T
8 807LY$ [ 4905 mnevts i 880 ;H)_&:'nt [ 4910 nnevts ]
o o
S I 42t evts S T B 7100 evts
o oS
n B
5 60 | %60 - 7
Z 2 |
40 - 40 |
20 b 20 —
0 0 el b
BI5 2 25 3 35
M, (GeV) M, (GeV)

Q\‘\LJ 7
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The nnr%v5 background reductio

& = detection in BESIII: at least one of the 7 photons with £,>50 MeV in BESIII
not in a 200 mrad cone around n direction

J Kinematic fit: x2 <10
% [LYSO RN
I M hys
(510 B 0y
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The nnr%v5 background reductio

& = detection in BESIII: at least one of the 7 photons with £,>50 MeV in BESIII
not in a 200 mrad cone around n direction

J Kinematic fit: x2 <10
= = =
E7TLYso & 7| Po-scint
c r o
2 ol S
té 20~ e Without kine-fit = tg 20~ ® Without kine-fit q
g [ e Withx’<10 g o Withx’< 10
% 15F § g 151 1
%k I %
[ = [ =
(= r =
10 b 10F B
sf ] 5 1
ol 0
2 25 3 2 25 3
Mg (GEV) Mg (GEV)

NS/
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Energy resolution in nys missing

@ Events are generated with fixed value of Mhag = Ec.m.\/1 — 2E+,g/Ec.m.

@ The nvg missing mass is obtained only from experimental data

Mhag=2.0 GeV - E  =1.35 GeV Mhag=2.6 GeV - Ey o =1.0 GeV Mhag=3.2 GeV - Ey =0.5 GeV
g - LY% T ;;;/r#d! 5763 /12122 E BG*LY% T ::/nhf 6361 ﬁ, E LY% T é/r#df 3183 01262;5:
g 2 8 2
g S $ s I
E 17' 6 0.8677E-01
o I = bkg]

Events/0.050 GeV
Events/0.050 GeV'

Events/0.050 GeV'

0 05 1 15 2 25 0 05 1 15 2 25
M, (GeV) M, (GeV)

/ < 25
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Energy resolution in M54 slices

@ Events are generated with fixed value of Mhag = Ec.m.\/1 — 2E+,g/Ec.m.

@ Mg is reconstructed using the kinematic fit procedure

Mhag=2.0 GeV - E- o =1.35 GeV Mhag=2.6 GeV - E o =1.0 GeV Mhag=3.2 GeV - E o =0.5 GeV
T e T T T T ndf T o003 T 4 T 5408 /55
3 [Ov%0 T 3 [V T A FIAES e =
b 2000 1 2001 A I3 2600 o 150 3 3198
8 P3 0.90156-02 8 L) 0.16236-01 8 P 0.4792E-01
] ~ = S " = g 5 Py
S = o S = F = = vy
| 6 03087E-02 - Ps 06765601 e 01712601
g g™ g
[i7] [i7] D 100- .
™ T
0 bk 0 bk
1000
100 B

o o

195 2 205 21 215 24 25 26 27 28
Mg (GeV) M (GeV)
g H)-Sﬂﬁ( Pﬂ/nM THd /38«715 E H)-SJ‘“( T {] ndf T 1211 )mg

2000 " S0 | 4

8 . g anf R
g " o S o ol
S o oo S " P
Sasool " oz B 159 L3 osesE0r
& a 0]
=0 bkg

§

o
24 25 26

27 28 3 31 32 33 34 35
M (GEV) M (GEV)

< (26
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Energy resolutions

o it half width of the area, symmetric he center of mass
J Two-gaussian fit: o = ’ ;
2 7 of the distributions, which contains the 68% of events

Width of the n,g miss. mass Energy resolution in M4 bins
— L B e e e B L s <~ 80 T T T
> >
(] (%]
s © LiEY = o LYSO
;’:4007 ® Pb-Scint | s

© 60 e Pb-Scint

401

on is dominated by 5p5

oot is dominated by dE+,g
small Myaq = large E. g =>small 6E. ¢

large Mhag = small E., g = large E-,g

27
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Expected events

& One year of data taking: T=15x10"s
& Average luminosity: £ = 1.5 X 1032 cm—2s—1
@ Detection efficiency: e=0.5
& Center of mass energy: Ec.m. = 3.77 GeV
150

?5 I

o ~1000 events

8

S |

N7

& 100

Li L

2 25 3 35
M, 4 (GeV)

&/
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Other possible physics ite

Rhag in the 1-3 GeV region

¢ Accessible had-CoM energy: Epag= \/Ecz

oll — 2EcolEys
¢ PDG: yy2 and BESII (2-3 GeV) only

® ISR: small systematic error versus Epnaqg
® ISR on ZDD: negligible 7° background

|AEnag| = |AEyg|Ecoll/ Enad:
feasible only if Eqy/Enag ~ 1 (not for B-factories)

BESIII: Eggy ~ 3.5 GeV = Epag ~ 1 — 3 GeV

®» LYSO: |AEpag| ~ 150 MeV
® Pb-Scint: |AEhaq| ~ 300 MeV
® |AEy,q| reduced by deconvolution techniques
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Radiation hardness

J Radiation damages mostly due to Bremsstrahlung: ogre(ZDD/4) = 2.6 mb

& One year of data taking: T=15x10"s
& Average luminosity: L =15 x102cm—2s~1
@ Center of mass energy: Ec.m. = 3.77 GeV

3x10%21 eV
T2 - " —4x10°rd  1ysO
0.12kg <7 vear

Dose absorbed _ energy deposited
year ~  year-mass

3x1021..2 eV
13~ _q06rad Scint

1.8x10—2kg year

Declared hardness
® LYSO ~ 108 rad
® Scint. ~ 10° rad

(%0
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