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Abstract

The poster presents a current status of the simulation of the Csl crystal calorimeter of the detector of charm-tau factory in Novosibirsk. The calorimeter employs the scheme with the crystals focusing at the beams interaction point to obtain the optimal energy and coordinate resolutions. To avoid the «dead zonesy effect, a slight defocusing in longitudinal and transversal directions is made. The description of the fully
parametrized crystal geometry generator is presented. Using this generator the optimization of the calorimeter geometry parameters was done. The report also presents the results for the coordinate and energy correction functions calculation, as well as the estimation of the resulting energy and coordinate resolutions. Finally, the influence of the dead material in front of the calorimeter was studied.

1. Pure Csl calorimeter for charm-tau facto ry detector 5. GeomEtry parameters optimization «  In order to define the minimal sufficient defocusing radius we performed the simulation of 10 single photons with E, = 3.5 GeV and r, =
«  The main option for the calorimeter of the charm-tau [Eig 38 v Preamplifiet—fm 1 ege «  We performed the simulation of 10° photons with the energy 3.5 GeV for different crystal lengths. Threshold of crystal triggering, thickness 0,5,10, .., 50 mm
factory detector is that based on scintillation crystals phomte%@\ij divider of teflon and mylar envelopes were put to zero for transverse leakages minimization »  Defocusing allows to decrease the “dip” of energy deposition at the junction of crystals (Figs. 19-20)
of pure Csl »  The distribution of the shower leakages 8;ong.1car = (Egen — Erec) / Egen Was fitted by log-normal distribution (Fig. 16), the dispersion of Th_e radius r, = 20 mm seems m_inimal suffigient, since the further increaS(_a of r, does not Ie_:ad to the decrea}se of the_ energy depqsition “dip”
«  The shape of crystals is truncated pyramid (trapezoid) the latter gives the contribution of longitudinal leakages to the energy resolution (Fig. 21). Too large r, also deteriorate the azimuthal symmetry of the calorimeter and complicate the correction functions calculations
«  The optimal coordinate resolution can be obtained by armyir || WWe have chosen the crystal length [, = 18 X, =~ 33 cm for subsequent studies, for this length the fluctuation of longitudinal leakages for Fig. 19 Fig. 21
the focusing of crystals on the beams interaction point photons with E, = 3.5 GeV is ~1.5% (Fig. 18) S e e o 1
(@] L
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implement the defocusing of the edges from the ‘ Y 08! 1 Hk i 250 A, 0'83 long teal )T T(@ SN O W o9 Ul —r=o 4
. . . -0 ' I lerysi=30 €M © 0.7 0.12|- 5 —=1.5% i i fe=U mm
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« The pileup noise becomes significant at high g/em® | em 0.6 ~ o050 - 0. e :02128 o
luminosity, especially in the endcap Sdrxy GEL (480 B0 | A& | SERN0N L 0.4 0.08p 0.88f - | =25 mm
) Csl 4.51 | 1.86 | 305/400 | 2 5000 30/1000 0.4! “FE 0.061 : 0.85 r,=30 mm
«  The usage of the crystals of pure Csl with short decay | par, 4.80 | 2.03 | 220/310 | 1.56 | 2500/6500 | 0.6/620 0.3 - AN 0.86 oL r0=28 mm
time of ~30 ns solves the problem CeFy 6.16 | 1.65 | 310 | 1.62 600 3 . 0.2 0.04 ' 0.84 e ;‘;45 mm
. . . . . . PbWO, 8.28 | 0.89 430 212 25 10 : = 0.02 L & , _ 0.8 r,=50 mm
The price tO_ pay is a relatively low light yield. To LuAlO;(Ce) 834 | 1.08| 365 |1.904| 20500 18 e T 0.1 NSRRI T 0.8 L ‘0‘ T
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2. Barrel calorimeter geometry 5. Cluster coordinate corrections 7. Cluster energy and coordinate resolutions 2z oos{Fig. 33
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Ver ChOOSIe the Q|stance to the frr?ntdface of Y7'Fig.2 AlM, - Reconstructed photon angles 6,... and Prec AIE Co_ncentrated *  We study the photon energy and coordinate resolutions for two detector material -8 095 e R
;[c e cr)ésta ON O|In a v:c/a);] to get t Ie |s';]ance N ¢ near the crystals centers and are systematically shifted from layouts. First is the default configuration with the vacuum pipe, TPC, drift chamber ~ & 004}
rom ottlom edge of the crystal to the z- \g{z\w AL M, the true (generated) angles 6., and @gen and FARICH in front of the calorimeter. The magnetic field of 1 TI in this g 0.03F
axis equ_a _Po _ _ N < « Due to the crystal focusing the correlation between ¢,... and configuration is created by the external coil, surrounding the calorimeter. In the @ | Only Calorimeter
* The main issue is the choice of the set of 4 0,.. appears to be small, and we can define independent second configuration the magnetic field is created by the thin (~0.1 X,) solenoid, & | Coil
the angles z/;l We require NyN; = IyoN2 = i ; correction functions 8¢yec(@rec)and §6,¢c(6yec) placed between the drift chamber and the FARICH. The amount of the dead material, § 0ot L. Thin Solenoid
d/2, d ;_'S a pr?rameterl, fapprqmmately i «  Correction function 66,,, is calculated as the most probable added by the solenoid, is comparable with that in FARICH (~0.15 X,) % soo  toos 1500 | 2000 2500 3000 ' 3500
cor_resp_on Ing to the crys_ta ace S'Z? on 6 value of the difference between generated and reconstructed i «  The influence of thin solenoid is ambivalent. On the one hand it increases the portion Ey, MeV
* This gives the geometric progression for 2 s angles 86, (Orec) = Ogen — Orec for the given 6,... This e of phot_ons conve_rting in e+e_‘ pair befo_re reaching th_e calorimeter. On the _other @ ooot2r Fig. 34 E - 500 MeV
the tangents of half angles tan(y;/2) = q', 5 > most probable value is found from the gaussian fit near the |Tt/2—Bec, rad hand, since there is no magnetic field outside the solenoid, the pairs, produced inthe = ., l g- OnlvCalorimeter
where YA Eig. 3 maximum of 8., — 6, distribution, see Fig. 22 S i solenoid and FARICH, are not rotated in the magnetic field. So, with the thin w - | Co”y
— M FIg. — ; : e I 0.0008 — . .
g = 1—-d/2p, <1 g . Correction function 56,.. (see Fig. 23-24) slightly depends on %0.02 solenoid option ontle ts_hould_ expi(r:]t the Igwer_ clugttﬁrlspllttmgdp;lobziblltl_ty and the g ThinSolenoid
1+d/2p, et the photon energy (see Fig. 25) 8 | poorer energy resolution (since e eve” pair with lower and fluctuating energy 0.0006 - \
_ _ 0.01 mimic the initial photon). The fraction of e*e~ pairs, produced in the vacuum tube, 0.0004 'H
« The given number N, of crystals should * The 86, and other correction functions are calculated for the TPC and drift chamber in both “coil” and “thin solenoid” configurations is seen as a -
fit exactly into the given distance z, ;estogf Ie\z/rlle\r/glesF(lo, fﬁ 50, 100, 203]’ 5?0 1009’t 200? ?”d 0 couple of clusters with comparable energies in different parts of the calorimeter 0.00021—| -
- - eV). For other energies the linear Interpolation : . : : : : B A A A S St O
along z-axis. From that we obtain ) : g P «  We use the configuration without any dead material (only calorimeter) as an ideal % 01 02 03 0.4 05
between these nodes is used ~0.01 . E.inor clusters’ Eqen
Ng 2 P reference - F|g 35 minor clusters’ —gel
o - : - . . . . . b
g = <@> 11— Zo 5 00— Fig. 22 P o002l , «  First of all, we simulate 3 - 10° sm_gle-photo_n events with the energies 50, 100, 200, w105
Po Po D 600 L rod i ‘ _ S 500, 1000, 2000 and 3500 MeV, uniformly distributed on the polar angle L _
E g - HIL‘ 0 0.2 0.4 0.6 0.8 1 /12 -29 rad «  For the photons, flying in the barrel, we calculate the ratio of the number of events 0 12 3
o Z E 40 J ! /28], with the 2 or more reconstructed clusters (seed threshold is 10 MeV) to the events f T
- Z a0 ﬁ ILL 5 Theta correction with one cluster, see Fig. 33. We call this ratio the cluster splitting probability. It is
3. Endcap calorimeter geometry 200" F N = 0.015 e tomev seen, that it is ~1-3% even for the “only calorimeter” configuration. For thin solenoid
. ] . . 100; — = - . TR . . .
- The set of angles y; = /2 — 1, for the endcap is obtained in the same way as in the L Jo e @8 0.01 e _zsmev option, as expected, it is ~1% smaller, than for the default option with external coil = | 1] | ._ b
barrel with the substitution z, < p, (Fig. 4) e e ol ° oo egenof’f,rem ad 0.005 £ 50 MoV «  For the events with 2 or more clusters Fig. 34 shows the spectrum of the sum of the ooz o4 o0s o8 1 IT‘UZ‘ 16‘.2 | -
»  Since the crystal size on ¢ increases from layer to layer, we split it into the parts - The correction 8¢, is calculated similarly to 86, ., but separately 0 —— E,=100 MeV g?‘i;ge'iioci tehneep]:ert]i?:r ((::Ill:JsStt:rrS’ i.e. clusters, having the energies lower than the energy The resolutions on & and ¢ are calculated as the standard
with equal angular size on ¢, the number of parts Ny;;. is taken to be the integer in each zone on | /2 — B,|, in which the number of crystals on ¢ —0.005] | || Er200Mev J _ o _ deviations of the distributions of 6., — 6, and Qyen — Prec
part of the ratio of crystal size on ¢ to that on 6 (Fig. 5) is a constant (see Fig. 26) o.oqlt /|| — E,=500 Mev © The stuo;y of t?ﬁ ebn_efg_y andhcooro_lmlzit_e rgs;lﬁ:ons |stperf:>r:me(|j separately Itn eeicI; in certain limits, obtained from the distribution for “only
: . : : .y i} ring on @, see the binning scheme in Fig. 35. The events with only one reconstructe : » At - - oy
g Fig. 4 FIg.5 "o cos(avr2) *  8¢rec is calculated as the most probable value of the difference _g 515/l F,=1000 MeV clugter are used 9 9 y calorimeter” option, see Fig. 41. The limits, necessary to “cut
TULLLL LU Z between generated and reconstructed angles 5(prec((prec) = Qgen — E: E,=2000 MeV the distribution tails, are calculated as a limits of the +3.0 -
S S e ey ess e e e e .o, see Fig. 27. Slight dependence of 8¢.... on the photon energy - & o | —e=somev || |« The energy resolutions are calculated as FWHM/(2\/2In(2)) for the fit of the =~ RMS sequences, where RMS is the standard deviation of
mm is also observed 0.4 -0 OE? Erec/Egen ratio, see Figs. 36-39. The fit uses the reflected and shifted lognormal distribution, calculated within the +3.0 - RMS limits, obtained
3 ST 77/ Fig. 26 Fig. 27 In/2=91, ra with two additional gaussians to describe tails of the distribution. atprevious iteration |
9 NI 777 - - -~ E.= 1000 MeV «  The resulting energy resolution for E, = 1000 MeV is shown in Fig. 40. As it was * Fig. 41 for the coil o_ptlon exhibits tr_le pair of peaks around the
g N7 S 03 & 0o =, o . v e : , o core of events peaking at zero. This peaks are related to the
2 - B - Zone IV expected, the opposite side of the larger efficiency for thin solenoid option is the hoton conversion at FARICH ' nd are absent in thin solenoid
2 7 0.25 S M poorer energy resolution (at ~15% at 1 GeV compared to the external coil). Another P rc:f? fcf[i r??/v?\ ra these ev n? ra ﬁig dsﬁ i the « so’t’ano !
2 " 0.02 effect is the deformation of the energy spectra at the intermediate energies 200-700 ;Or guration, where these events are € € core nea
e 0.2 2 MeV by the e*e™ pair (see Fig. 37-38), produced in the FARICH and solenoid and ero . . . .
. = , S 9 e s * For the given method of calculation of coordinate resolutions
A& : mimicking the initial photon L . . :
0 % 7 (@) X 0.15 we do not see significant differences between coil and thin
: : : - i -0.02 ia. ; solenoid options at any energy, see Figs. 42-43
* The azimuthal symmetry in endcap may be improved by splitting sectors into 0.1 . F'g 36 _ " I_:Ig. 37 P y gy J
subsectors: if for initial (not splitted) crystal Ng,;;, >4, it is generated recursively —0.04 = 450/ _Ey= 50 MeV Ring #10 £ %0 E, =200 MeV Ring #10
' ' ' 0.05 - - D 700/ .
with halved angular size (Fig. 6) ~0.06} | | 1 | | @ “0F Only calorimeter @ [ Only calorimeter
« Polar angles of crystals iy must be calculated by formula o 005 04 015 02 025 03 © 3505 "G 600/ 5l
A 0.2 0.4 0.6 0.8 1 1.2 0 o, rad & 300, % 500E-Thin Solenoid
_ i) €05(Ap/ (2Nsupsec)) I7t/2—0 |.rad e o " Thin solenoid & 9 "Thin Solenoi
tany); = tan (Zarctan(q )) rec.corr. £ 250/ : £ 4onl
cos(Ap/2) : 3 200F S5 4001
to make it possible to align the crystal edges by the rotation on ¢ 6. Cluster energy corrections - Fig. 29 150F- < 3001
5} = g -
« To fill the sector we copy and rotate the crystals on ¢. The gaps between layers, . : : 51.02 E'Y_ 500 MeV 100~ 200F
. . I . » Correction function 8E,..(0,..) is calculated = 1000
appeared during the splits of sector, are removed by projection of the vertices of : - . : S0 e 8
overlying crystals along their edges on the plane of underlying crystals (Fig. 7) (without application of coordinate corrections) SRS D il - S ]
b - FI L . as the most probable value of the ratio 75 - 0.8 0.85 0.9 0.95 1 g C/1.E05 %.8 0.85 0.9 0.95 1 c E1.05
Flg' 6 Y/ J OErec(Brec) = Erec/Egen- This most probable Flg 38 rec —gen ) roc gen
1 ; value is found as a maximum of lognormal fit 2 o0 Ey= 500 MeV Ring #10 ) Fig. 39 |
i ! of E,cc/E4en distribution, see Fig. L o0 c E,=3500 MeV Ring #10 i
k ! : : © *"F Only calorimeter L sool N
1 7 * Correction function 6E,..(6,.:) depends on S 700 i © I Only calorimeter '
1 ! . — E N— - .
\ the photon energy, see Fig. 30 8 €90 Thin solenoid > 400| Coil
3 : :Q% Fig. 28 £ 500 8 | Thin solenoid
:%7 2 100" E_= 500 MeV : Z 400 — g 300(—
~—3 - 7 : 300 z [
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4. Defocusing of crystal edges 2 | § oo % oionos | g omh \
« Lines of crystals are defocused in +  Central crystal is added to defocus the f S 0.018— 4 8 102 Thin solenoid \
the r — ¢ plane by setting their barrel crystals on 6 (Fig. 9). Similar «  Correction function SE,..(¢,.c) is calculated D 0.016 | ) g - Jf \4
focusing centers in the vertices of procedure is done for the endcap after application of 8E,..(6,.c) correction as 0014 e ‘5-\_,‘ L >, <0 _ R i = T
(r:??cuulfr:sc?i%gfzrrcl\évth(dﬁ%lgjsiﬁf «  Crystal is wrapped in teflon (0,2 mm) the most probable value of the ratio 004 | Eneray carisiion on theta ” | e , T = i f \I i T
radius), see Fig. 8 9 andmylar (0,05 mm) envelopes OBrec(Prec) = Erec/Egen T s Mev | R R B 't |f||||\|f|fk||[||;ﬂnlm e
e ) : v/  Of course, the largest leakages happen in the B E'—200 MgV f Fig. 42 /26|, rad 02015 0T 000 005 0 ¢rec_°¢;§em ad
Fig. 8 Y Fig. 9 central crystal gaps between crystals (see Fig. 32, where 0.92— E 2500 MoV _ Fig. 43
. . - = © T 0.0085[— Resolution on 6 E = 1000 MeV - . :
J corrected @,qccorr. angle is used). Correction B E,=1000 MeV S oosk Only Calorimeter S 0018 Resolution on ¢
function SE,..(¢,.) depends on the photon — | —— E,=2000 MeV P 2 Coil S 0.016| Only Calorimeter
energy e 09— Ez=3500 MeV g 0.0055: 1 Thin Sclenoid % 0.014:— Col
— ! | ! ! ! \ ! ! | ! ! | | ! | ! = 0'005:_ | / 2 o012 Thin Solenoid_ /j
0 0.2 0.4 0.6 0.8 1 1.2 'S 0.0045/ e ] e 7 Vi
N . : — T 0.004 - T SR 007 a
d - c Fg. 31 Fig. 32 |TC/2 erecl, rad - 0.0035/ ,-- ot B 0.008/— i o
O X 51 04 :,EY= 500 MeV 8 404l E.=500 MeV | 0.003|" | | | | . 0.006—" e P
L i ’Y . e "o 0.2 0.4 0.6 0.8 T2 0004b—1 .
B 402k |m/2—0|,rad 0 02 0.4 0.6 0.8 12 d
e ub 'l In/2-6), ra
L OL&im. z 8 » Figs. 44-46 show the coordinate and energy resolutions for the set of photon energies from 50 to 3500 MeV. In order to understand the impact of the
; coordinate and energy corrections, the resolutions, calculated without the corrections are also shown. Generally, the larger energy — the larger effect of the
- correction on the resolution is seen. The energy correction corrects the mean of the energy deposition with only small improvement of energy resolution
‘ O —« Fi Resolution on 0
- Ig. 44
5. Parametrized geometry generator 0.04/ © 0.014 J ooy
«  Set of optimal geometry parameters is passed to GEANT4 through DD4hep: | 092p - . o o T e E=100 MeV
Parameter | po, MM | Zg, MM | Leyyors MM | 70,MM | P mm | Ny | No | Nopapes 0 0.05 0.1 0.15 0.2 0.25 478 s : o == S 5 55 o — 0.0 E=200 MeV
recs d O e Eo
Barrel 1090 | 1260 330 20 114 [ 19 | 20 Prescor: 2 e
arre - 0 g 0.01 — ——=— E=1000 MeV
Endeap | 1090 | 1290 | 330 2 | S0 A0 5 8. " reconstruction efficiency and mass resolution ; ,, = - - ez000 Moy
»  The calorimeter layout with these geometry parameters: 0 . .. i - = 5 = 0.008— E=3500 MeV
v\ v/\ *  We study the " reconstruction efficiency and mass resolution for the default & . 7’ rec. eff. ) 7 o ey
Fig. 10 Fig. 11 detector configuration with external coil 2 C T TN ~—— Only Calorimeter (Jp) 0.006 e men e, wocon
* We perform the simulation of 10° events with single 7° having a set of & 08— - Coil &) ' - T Erio e, wiocor
\\\{ momenta from 0 to 3500 MeV and polar angles from 0.25 to = — 0.25 (to avoid ¢ | \ | Thin Solenoid - o E=200 MeV, w/o corr
the ejection in the gap in the endcap at large momenta). To reconstruct the °, -% 0'67 0.004 | - ---- E=500 MeV, w/o corr
we sort through all the pairs of clusters in the even_t), h_a)ving the total energy 2 oal — - E—1000 MeV, w/o corr
|(Ey + E;)/Eo —1|<0.2 and total momentum ||p;+p5|/pro —1]<0.2. We 2 \ 0.002— e E2000 MoV, wo cor
select the pair, having the invariant mass, closest to the mass of 7°. If at least & .t S — ’
. . 2 P © 02— iy — E=3500 MeV, w/o corr
= one pair with 0.1 MeV/c? <|m,, —myo| < 0.16 MeV/c? is found, we _ —— o L L L o | o
4 a consider 7° 10 be reconstructed "o 0500 7000 1500 2000 2500 3000 3500 0 0-2 0.4 0-6 0-8 1 1.2
. : : 0 : . : ; .
!:lg. 47 shows the resulting _reconstructlon efficiency. The main sources of Fig. 48 Fig. 47 70 momentum, MeV/c |TC/2 el, rad
inefficiency — the photon losses in the barrel-endcap and endcap-beam pipe gaps . IJ.
(at low 7° momentum) and clusters pileup at large momentum. The latter factor g: 0.06— P_,=200 MeV/c my, fit '8 Resolution on ¢
[m m may be somewhat softened by the procedure of the close clusters separation (at & - Only Calorimeter || £2
Aot all o : the cost of energy resolution deterioration) E Coil - 0.035 E=50 MeV
gorithm allows 1o generate any calorimeter geometry- «  The resolution on the 7° mass is calculated as FWHM /(2,/2In(2)) at the fitof %%~ Thin Solenoid =-0. —e— E=100 MeV
. . . - .. E -
Parameter | po, mm | zo, MM | lepyee, MM | 75, MM | pri, MM | Ny, | Ng | Nopapes the two photons invariant mass spectrum, see Figs. 48-49. The fitting function is 0.03 e ——=— E=200 MeV
- - - - 0 -
Barrel 1090 1260 1000 400 _ 12 | 3 7 tmhg rrsul:rr]r:aof 4 gaussians. The resolution varies from 2.3 to 4.3% at highest 0.02 S E_500 MoV
Endcap 1090 1290 1000 100 1 5 5 14 Ei g. 50 0-01; \‘ 5 ~ = E=1000 MeV
Fig. 12 § 00450 | 10 mass resolution — 00 0.1 0.12 0.13 0.14 015 - V(}Jg 8 —=— E=2000 MeV
5 - Only Calorimeter e Fig. 49 Moy, SEVIC &3 E=3500 MeV
§ 0.04 :— col At/f//,‘ == ,»" ________________ § : pxo — 500 MeV/c m i o E50MeV. wio cort
@ 0035 | IhinSolenoid | T 5 005 Only Calorimeter . E=100 MeV. wio cort
9 - et 7\ Coil
8 u T 004" | /o —— Thin Solenoid -~ = E=200 MeV, w/o corr
Dl___: 0.03 :_ // o s P O SO 0,03; o E2500 MeV. wio corr
0.025 i ’// - 0.02] - --<-- E=1000 MeV, w/o corr
::J;_ 0_013_ \ --=-- E=2000 MeV, w/o corr
002 j ‘ o , ‘ o , ‘ | ........... , . ‘ o , ........ | .............. , , ‘ ...... ‘ ‘ , ........... ‘ | .................. , ........ ‘ :I _— L ‘- | | | | E=3500 Mev, foo corr
0 500 1000 1500 2000 O2500 3000 3500 0" 07 011 0.12 013 0.14 0.15 016
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6. Clusterization
*  Our reconstruction code for the calorimeter is based on the code from FCCSW framework. Electronic and pileup noises S 004 ' Fig. 46 Energy resolution
addition, zeroes suppression is performed. Algorithm for finding connected components in a graph is used for clusterization — ) — —=— E=50 MeV
» 30 ssingle photons with energy 3.5 GeV: = [ —+— E=100 MeV
8 0.035— —+ E=200 MeV
Fig. 14 Fig. 15 Seed crystals = GEANT4 hits < — .
. C / — 0.03 E=500 MeV
: N\ - . — ——=— E=1000 MeV
Triggered PR 3 L e .
> non-seed 1] b — E=2000 MeV
8 t I ; ‘ Z ‘/ Z ’,/ ”#’: —": ety 8 0-025 j E=3500 MeV
Crystais o L _ ?ﬁ:‘: SgE=r h::: LLl - ---e--- E=50 MeV, w/o corr.
o - f;z::ﬂ‘ﬂs:i_—:s»‘;' !:EE: 0.02 [ ---e--- E=100 MeV, w/o corr.
. E;iﬁiﬁw = : u;mm: : E -2 E=200 MeV, w/o corr.
“:.N Sih 0.015 ---e--- E=500 MeV, w/o corr.
: 2iazas + : - - E=1000 MeV, w/o corr.
oy 2isis : w“mm;; 0.01— ~© E=2000 MeV, w/o corr.
:"‘;}; B E=a S222222 - | ! ! ! | ! ! ! | ! ! | ! ! ! | ! ! ! | ! ! ! ‘ ! ! ! E=3500 MeV, w/o corr.
’ N 0 0.2 0.4 0.6 0.8 1.2
“y t/2-79|, rad
9. Plans
* We plan to: 1) develop the algorithm of the overlapping clusters separation; 2) compare the pure scintillation option with the LXe-based ionozation calorimeter and the combined variant of LXe (internal) and Csl (external) calorimeters
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