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What 1s LCDG4

* A Geant4-based detector simulator to support detector R&D for
the Linear Collider

* Alternatives: Mokka, LCS or Gismo (old, unsupported)

e LCDGH4 features
— Input format: binary STDHEP

— Qutput format: only .sio for now (Gismo compatible)
Ucio is planed for the near future

- Some detector geometries are implemented via XML geometry files

% (e.g. SD, LD, PD)

| Simplistic geometry: cylinders, disks and cones only,
no cracks, limited representation of support structure
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Some LCDG4-specific features

* Development bias towards HCal (also ECal)
other detectors should work fine, but no active studies by the
developers

* Correct MC particle hierarchy, even when VOs and hyperon
decays are forced in event generation

* Energies deposited in absorbers are easily available for analysis
(ASCII format only)

* Non-projective geometries also available for barrel HCal
(forked versions), output into SIO files

* Analysis code and documentation available from CVS (new!
Preliminary versions...) and http://nicadd.niu.edu/~lima/lcdg4/
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Geometry info in XML

An example: Silicon detector (SDJan03.xml)

<?xm version="1.0" 7?>
<I-- Comrents
. -->
<| cdpar np
<gl obal file="SDJan03.xm" />
<physi cal detector topol ogy="silicon" id = "SDJan03" >

<volune id = "PIPE INNER' rad | en_cm="0.00047" inter _|en_cn="0.00040">
<conpl ex_volune id = "VERTEX BARREL">
</ physi cal _det ect or>
<pr oc_par ne
<cal _snmear emenergy = "0.12 0.01" had_energy = "0.50 0.02"
emposition = "1.0 0.0" had_position = "5.0 0.0" />

</ proc_par np
</ | cdpar n>
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Geometry info in XML

An example: Hadronic calorimeter barrel in XML (a simple volume).
Dimensions are 1n centimeters.

<vol une 1d="HAD BARREL" rad |len cm="1.133" inter _len cnm="0.1193">
<t ube>
<barrel dinensions inner_r = "144.0" outer_z = "286.0" />
<l ayering n="34">

<slice material = "Stainless steel” wdth = "2.0" />
<slice material = "Polystyrene" wdth = "1.0" sensitive = "yes" />
</| ayering>
<segnentation cos _theta = "600" phi = "1200" />
</t ube>
<cal orineter type="had" />
</ vol ume>
=0

G.Lima, LCSimW, June 03, 2004 QEIIII]:I|III



Geometry info in XML

Another example: Vertex detector barrel in XML (a complex
volume). Dimensions are 1n centimeters.

<conpl ex_vol une id = "VERTEX BARREL" >
<volunme id = "VERTEX BARREL 1" rad_|len_cn¥"0.0011" inter_|len_cnm="0.00022">

<t ube>
<barrel dinensions inner r = "1.2" outer_ z ="2.5" />
<l ayeri ng>
<slice material ="Si" wdth = "0.01" sensitive = "yes" />
</l ayeri ng>
</ tube>

<tracker />
</vol une >
<volune id = "VERTEX BARREL 2" rad_l|len_cn="0.0011" inter_len_cn&"0.00022">
<vol une id = "VERTEX BARREL 5" rad_l|len_cn="0.0011" inter_len_cn&"0.00022">

</ conpl ex_vol une>

|||1, add
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XML-based geometry description

Flexible, very easy for minor changes (dimensions, materials,
layering, segmentation), recompilation 1s not needed

Deeper changes are error prone, not many checks for inconsistencies

Detector construction implementation could be better!!
(It currently depends too much on the format of the XML file)

XML files may become large for complex geometries (could split
into a top level + one file per subcomponent)

Slow-access, as compared to a relational database access, but it only
happens at initialization stage (not a big deal)
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SIO output: general features

* SIO output contents: one particle collection and several hit collections
(one collection per subdetector)

* Each hit points to the contributing particles (except tracker hits from
calorimeter back-scatterings, as in Gismo)

e All secondaries above an energy threshold (now set at 1 MeV), except
for shower secondaries, are saved in output with:

— Particle 1d and status codes (generation and simulation)
— Production momentum and ending position

— Calorimeter entrance point: position and momentum

— Pointers to parent particles (decay or interaction)
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Simulation Status Codes

0 — active 4 — stopped 8 — primary

I — decayed 5 — looping 9 — showered
2 — interacted 6 — lost 10 — maxsteps
3 — left detector 7 — stuck

(fully implemented, or not to be implemented)

Ceantd tracking status codes

# particles ; SO0 events Showered Emiries - e4053
24,000 T rlean 5.3031
N EN 83

decayed

primary
(docum.)

G.Lima, LCSimW, June 03, 2004




orrect MCParticle hierarc

£ Welcome = | MC Tree = [ [f]¥iew 1 =|

[ Run 10 Ewvent O

Q@ [ HepBwt (mass=0.0 id=999993999 charge=0{E=0 status=3){gismoStatus =)
P Cde- (mass=5.11E-4 id=11 charge=-1ME=45.500 status=3){gismostatus=:8)
@ [Je- (mass=5.11E-4 id=11 charge=-13E=45.500 status=3¥gismoStatus =5}
@ [de- (mass=5.11E-4 id=11 charge=-11(E=45%.500 status =23{gismostatus =5}
@ [JZo imass=91.187 id=232 charge=0)E=90.93% status =3)gismostatus=8)
P e mass=1.4 id=< charge=0.6&71(E=45 477 status ==Z¥gismostatus = 51
@ O émass=1.< id=44 charge=0.667)(E=432.92 4 status=2)(gismostatus = 1)
@ [CJ unknown (d=92)E=90.9329 status=2J(gismoStatus = 13

@[ D*0 (mass=2.0071 id=<4232 charge=0{E=321.152 status=2)(gismoStatus = 1}
e 3 PO (mass=0.124372593999999338 id=111 charge=0)E=4. 0177 status=2)gismos5taius =1}
@ [ rho+ (mass=0.76832 id=2132 charge=1)3{E=1.81&7 status=2)gismostatus =13
@ [ pi0 (mass=0.124972 89999999998 id=111 charge=0}E=0.2 9286 status=2)fgismoStatus =1}
@ [ rho- (mMass=0.76832 id=-213 charge=-1XE=3.59832 status=2)gismoStatus =1}
@ [ eta (Mass=0.5%474500000000001 id=221 charge=0{E=0. 92681 status=2i(gismosStatus =13

. I @ [ K{S2203* + (Mass=0.8315900000000001 id=323 charge=0){E=1.6848 status=2J{gismoStatus = 1)
pre-Cal interactjion

) @ [ phi(mass=1.019412 id=32323 charge=M{E=1.2191 status=2){gismoStatus = 13
D K- {mass=0.432&4e000000000032 id=-221 charge=-1E=0.&4408 status=1)gismoStatus =19}
(inelastic H‘? COd K+ (mass=0. 49364600000000003% id=221 charge=13E=0.37504 status= LygismoItatus= 1)
| pi+ (Mass=0.1295&75% id=211 charge=13E=0. 15440 status=<4)gismostatus= 1)
@ [ pi0 (mass=0. 124972 89999999998 id=111 charge=0}E=0.168325 status=<4){gismostatus = 13}
@ [ pid (mass=0. 13497289999 993998 id=111 charge=0)}E=0.22175 status=4)(gismoStatus = 1)
O [ K*—{S92) (mMass=0.8915900000000001 id=-2232 charge=-01E=1.2484 status=2J(gismoStatus= 13
©= [ rho0 (mass=0.7582 id=1132 charge=0)E=0.9155% status=2){gismoStatus= 1)
O [ K+ (mass=0.493646000000000032 id=3221 charge=1)}E=2.2225 status= 1){gisrmoStatus = 1)
@ [ K*—(B92) (mass=0.8915900000000001 id=-223 charge=-01E=14. 734 status=23JgismoStatus =1}
@ [ D 0-bar (mass=2. 0071 id=-423 charge=-0)E=2&.895 status=2){gismo3tatus = 13
@ 3 Do-bar {mass=1.8&45 id=-<421 charge=-0}E=25.040 status=2)gismostatus=1)
P COK+ mass=0.49264600000000003% id=221 charge=11E=<4. 0586 status= 13{gismostatus =13
@ [ mu+ fmass=0.105658 id=-13 charge=1)}E=0.23565 status=<)(gismoStatus=1)
d D e+ {mass=5.11E-4 id=-11 charge=1E=0.020247 status=4){gismostatus ==
ecay Seque][lce D nu_e (mass=0.0 id=12 charge=0)E=0. 027542 status=4){gismoStatus =3}
D nu_mmu_bar {mass=0.0 id=-14 charge=-0E=0.025379 status=<)gismoStatus=2)
D nu_imu (mass=0.0 id=14 charge=0)E=0 22552 status=<){gismostatus=3)
@ Jal- (nass=1.23 id=-20213 charge=-0)E=20.982 status=2J{gismoStatus =13
@ Jrho® (mass=0.7682 id=113% charge=0)E=17.0%8 status=2){gismaostatus = 13
° f [ pi+ (mass=0.1295675 id=211 charge=1J(E=2.6499 status= 1){gismoStatus =9
pre_cal lnteraCtI On »@ [ pi- imass=0.1395675 id=-211 charge=-1){E= 14 448 status = 1)igismastatus =21
D pi- {mMmass=0.13935&75 id=-211 charge=-1){E=14.444 =513 i
(non_destructi‘;e) [y e- (mass=5.11E-4 id=11 charge=-1%E=3 .2 899E-3
D pi— imMass=0.1295:675 id=-211 charge=-13E=2.553 5 sta
D gamma (mass=0.0 id=22 charge=0)E=1.25732 status=1){gismos
@ [dc_bar (mass=1.4 id=-4 charge=-0.6671HE=45. 461 status=2){gismoStatus =13}
D gluon {mass=0.0 id=21 charge=0{E=2 2701 status=2)gismoStatus =&}

= “Shower secondaries
are not saved

p—

ERLOSTatus =50
Bius=<4)(gismoStat = =0

s=1)gismoStatus =5)
Bt LIS =<0
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Cal entrance: position, momentum

Calorimeter entrance profile Calorimeter entrance profile
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LCDG4 processing times

(ln d 24 GHZ CPU) Single particles - process ing times

onds | event

* Single particles:

* Physics events
- Zto X @91 GeV: 0.55 min/evt
- ttto X @ 350 GeV: 1.66 min/evt
— ZH to Xbb @ 500 GeV: 2.33 min/evt
- WW to qgbb @ 500 GeV: 2.22 min/evt

About ~15% faster
after some memory
debugging (valgrind)

~0
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Mokka and LCDMokka

e Mokka is another Geant4-based simulation framework for
Linear Collider R&D

* Detector geometry 1s described using a MySQL database

* Based on Tesla model, many other models and prototypes have
been added into the geometry database

* Input: ASCII StdHEP / Ouptut: ASCII or LCIO

* For more info, please visit Mokka web site:
http://polywww.in2p3.fr/geant4/tesla/www/mokka/mokka.html

e LCDMokka: XML capabilities into Mokka vO1-05 (latest
version 1s v02-03), while LCDG4 i1s not able to use MySQL
geometry files (e.g. Tesla)

* Used LCDMokka for comparisons with LCDG4

.'"::;:::I D
G.Lima, LCSimW, June 03, 2004 W\ mcadd




Fair comparison

Geant4 version 5.2

SDJan03 geometry
(cylindrical layers with virtual cells)

Physics list from Mokka v01.05
Range cut of 0.1mm

Identical I/O formats (binary stdhep input, text output)
implemented into both simulators

Same events processed in both detector simulators
single particles: 50 GeV e*, u#, %, 0 =90°, flat in ¢

Same materials in sub-detectors (look at X, A,)

.'/r: D
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Ecal: energies per layer

Live energy per layer in ECal - Single particles, 50 GeV

# Entries | hin # Mokka - positrons
¥ Mokka — muons
10000
R M”D peaks % Mokka - pions
A » LCDG4 - positrons
#» LCDGY - muons
N = #» LCDGA - pions
1000 e
E N
0
100 U £
T il
Q
o ]
10 %
I o
LI s
1- - + e I ' ; s e e L — |

T 1 T
0.0 0.3 1.0 1.5 2.0 2.5 3.0
Log{ Energy (Me%) )

|
[N
o

|
=
=

|
=
W

-2.0
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Hcal: energies per cell

HC al: Energy per cell — 1000 single particles — 50 GeY each

# Entries S bin Moklka positrons
= LCDGE positrons
Moklkka muons
LCDGE muons
Mokka pions
LCDGE pions

10

|
{
&

}
¥ o6 ¥

10 Mohka positrons

Entries : F5230
Out OF RBange - j=1= s
Mear : -1.0610
Ems : 0831 &1

LCOG positrons
Emntries : F2568
0wt OF Range = 9315
Mear : -1.045%&

=, Rms : D.E3166

: 7 Moklka muons

Enrtries : 4165
Ourt OF Bange = Ie3IF
Mear -0.2O9689
Ems : 0.90403

LCO G- muamns
Entries : BEEEGD
Dt Of Bange = JF&E51
Mear : -0.31161
Ems : 0.902r&-1

10

.s
{

10

HCal threshold
10l at 0.7 MeV

Moklka pions

_ - Entries : 1139282
1 OutfRange - 1 28296

Mear : -0.F1 0559
Rms : 1.0501

o . iR LCDG- pions
10 = = = = = . i paommcns L e RS T T EISE
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 AR OfRangd. Sl 36139

Logd Energy vieyws ) Mean : -0.703I6S
l Bms - 1. 04063 |
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LCDG4: Remaining 1ssues

(1) Discrepancy in EM live energy (LCDG4 & Gismo)
(2) Discrepancy in number of calorimeter hits
(3) Large number of HCal hits in the ECal/HCal interface

(4) Calorimeter entrance point coords in mm (not cm)
this has been fixed in v02-25
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Issue 1: ECal E;;,. and E ;.

ECal: live energy

ECal: Elive/layer

an0 T Entries : 2000 Entries : 2455676
OutOfRange : 0 Dut Of Range : 1]
s200 1 Mean: 0.14150 Mean : 91933
Rms : .1 947FE-3 Rmis 54506
EL I e
G007
5001
4007
200
2007
1001
0 [l ] [l [l ] 1 P — 1 ] ]
T T T T 1 1 1 T T 1
0.0 0.1 0.2 0.2 0.4 0.5 0 10 20 30 40 50 50 70 80
Elive {Sey i
(e Layer (Ecal=0.29: “H¢al=30..79)
ECal: absorber energy ECal: Eabsylayer
1,200 Entries : 2000 Entries : 2455707
- 1 Out Of Range : Out OFf Range : 0
Lzoo Mean : Mean : 9,853
1,100 Ems : 0.0455 REms : 5.380
1,000
Q0071
B00 1
TO0T
S00
S007
4001
Fo0oT
2007
1001
0 f f i f ; ; f f |
0 2 < =3 8 0 10 20 30 40 50 G0 7O 80
Eals (i5e%Ww

Layer (Ecal£6"29¢"Hcal=30..79)
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EM Sampling fraction per layer

Elive / (Elive + Eabs)
0.025

0.024
0.023
0.022+4
0.021+ &

0.019

0.018
0.01L7
0.016

- Ik
0.020+ - —;— =
==

0.015—
0.014
0.013—+
0.012—
0.011
0.010-

0-0097" Range cut

0.008

o.007— 1.00 mm
09967 0.10 mm

0.005

o.o0a— ().010 mm
9937 ).001 mm

0.002

0.001 - 100|nm

ECal sampling fractions per layer — 10 GeV electrons

& LCDG=E -
m LCDGE -
A LCDG=E -
* LCDG1 -

SDljand3 - rangecut 0,001 mm
SDjan03 - rangecut .01 mm
SDlan03 - rangecut 0.1 mim
SDjand3 - rangecut 1 mm

Range cut effect on EM fractions...

_...and on processing times I ==

Rel.proc.time
0.80
1.00 (ref)
1.24
3.78
23.5

0.000
2
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Events [
460T
440
420
400
3807
360
340
32071
3007
280
26071
24071
220
200
18071
160
140
12071
10071
80T
60T
407
20T

Issue 1: Ecal Elive

ECal: live energy - 10 Ge\/ electrons

2 MeV bin

EM Sampling fractions:
o

LCDG4 (SDMar01) =1.75%

= H @

'3

Gismo - SDMar 01
LCDG< - SDMar 01
LCDGA - SDMar 01 - rangecut 1um
Gismo - 5DJan03
LCDG4 - 5Djand3

Gismo (SDMar01) =2.17%

y

u .,

0.00
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. q o T
0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24
Elive (Ge\)

7~ Q

i
I.

Gismo - SDMar1

Entries : 1000
Mean : 0.21752
Rms : 0.012418
LCDGA - 5SDMar01
Entries : 2000
Mean : 017527
Rms : 0.01099%1
LCDGA - 5SDMar01 - rangecut 1um
Entries : 2000
Mean : 0.18251
Rms : 97657E-3
Gismo - SDjan(3
Entries : 2000
Mean : 0.16464
Rms : 9.8345E-3
LCDGA - 5DJan03
Entries : 1734

Mean : 0.13686




Issue 1: ECal E;;, . per layer

ECal: live energy per layer - 10 GeV electrans ECal: live energy per layer - 10 GeV electrons
<Elivex [ event (GeV) LCDG4 - SDJan03 - rangecut = 100um <Elive [ event (GeV) LCDG4 - $DJan03 - rangecut = 100um
004+ LCDEA - SDMar 01 - rangecut = lum LCOG4 - SDMarD1 - rangecut = Lum
' Gismo - SOMar01 1 Gismo - SDMard]
0.022T
0.020T LCDG4 - SDJan03 - rangecut = 100uni
Entries : mm 10-3__
0.018 Dut0f Range: 0 ,
Mean: 83317
0.016T R : 57922 I
0014t LDG4 - SDMarD1 - rangect = luni TRat
Enitries : 601033 > .
L2t D0ikange: | > Gismo and LCDG4
Mean: 10128 1 . . .
Lot s sas] 5 glve slightly different
1 Gismo - SOMard1 : . .
1008 - - - Ej;,. profiles for SDMar0O1
0.006T Out0fRange : 0 i
Mean: 87481 i b
0.004 Rms : 5.1389 2
0.002T
: : : : : : i ; ol : : : : : : : :
0 ] 10 15 0 P4 30 E4] 40 0 ] 10 13 2 Pa] 30 1 40
Cal layers: ECal {0.29), HCal (30.64) Cal layers: ECal (0.29), HCal (30..64)
0
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Issue 1: radiation lengths?

Radiation lengths (cm)

PDG Geant G4-PDG Gismo
0.35 0.350 0.00% ?
9.36 9.094 2.84% ?

19.40 16.716 13.84% ?
1.43 1.440 -0.70% ?
30420 30551 -0.43% ?

There are some discrepancies with LCDG4 and PDG,
but below the 3% level.

Maybe Gismo' sadlens are different from PDG numbers
by more than 10% level?

79
G.Lima, LCSimW, June 03, 2004 LINCGdl dd




Issues 2 and 3: Nhits per layer

ECal; <Nhits: per layer - 10 GeV electrons

ECal: Number of hits per layer - 10 GeV electrons

<Nhits:= | [ayer | event LCDG4 - SDJan03 - rangecut 100um <Nhits: | event LCDG4 - SDjan03 - rangecut = 100um
0T LCOG4 - SDMar 01 - rangecut Tum 1 LCDG4 - SDMar01 - rangecut = 1um
(Gis mo - S0Mar 01 10 Gis mo - SOMar 01
18T
15+ (0060~ SOiant3 -rangee 100um | 100
Mean : 11.656
Ut Rms : b.8253
LCDG4 - SDMar01 - rangecut 1um 10—
127 Mean ; 12232
Rms : b.7612 )
107 Gismo - SOMar 01 107~
Ml Mean : 10.700
Rris : 58069
il 3= Issue 3: Hcal cells are
4 larger than Ecal cells.
L 4
-« "7 So why the bump?!
2-
S e e S T
0 ] 10 15 20 25 30 15 40 0 b 10 15 20 25 30 3 40 4 30
# hits in ECal Cal layers; ECal = {0.25) ; HCal = {30..64)
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e*e 1nto ttbar event (SDJan(03)
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MC Samples for general use

e Samples currently available at NIU through sftp:
scpuser @k2.nicadd.niu.edu (Icd_2004): /pub/lima/lcdg4/v02-24

- 2Keach of e, u*, %, y,n at 6 =90° and flatin ¢
energies = 2, 3, 5, 10, 15, 20, 30, 50 GeV

~ 5K 10 GeV K. into 1rrr°
—~ 10K 10 GeV K/ into 1r*1T°

- 5K 10 GeV 2+ inclusive

- 5K 1..10GeV lambdas inclusive

— 10K Z into (hadrons) at 91 GeV

- SK ttbar inclusive at 350 GeV

- 5K WW into (hadrons)(any) at 500 GeV

— 2K ZH into (any)(bbbar) at 500 GeV and M;=120 GeV

- 2K ZH into (any)(bbbar) at 500 GeV and M;;=160 GeV

e Other samples can be requested to lima at fnal.gov. Please read
http://micadd.niu.edu/~jeremy/lcd/simreq/ for guidelines.

.
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How to access the MC samples

Several single-particle and physics data samples available from NIU data
server using secure ftp:

% sftp scpuser @2. ni cadd. ni u. edu
password: | cd 2004

sftp> cd pub/lima/lcdgd/v02-23
sftp> Is

sftp> nget nmuons-10gev*. si o
sftp> quit

%

See http://nicadd.niu.edu/~jeremy/admin/scp/index.html for more detailed
access instructions, including instructions for windows winscp utility.
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LCDG4 status summary

* Detailed comparisons between LCDG4 v02-11 and LCDMokka 01-
05 are in good agreement (discrepancies of ~20% to Gismo have been
observed)

e LCDGH4 faster than Mokka, but it cannot be used for Tesla geometry

* Only cylinders, disks and cones supported by current LCDG4 version
(like Gismo). More realistic geometries to be implemented in the
medium term

e Several MC physics samples have been generated for algorithm
development and studies (SDJan03, SIO format)

* Source code available from SLAC or NIU CVS repositories

* For more information please check the LCDG4 documentation web

page: http://nicadd.niu.edu/~lima/lcdg4/, or under subdirectory doc of
CVS module
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Next steps suggested

* Brief investigation on the ECal/HCal interface
* Improve documentation

* LCIO output

* Merge projective and non-projective versions
* Visualization improvement (virtual cells)

* Different range cuts per subcomponent (ECal)
* More realistic geometries (medium term)
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