GLAST LAT Project IA WorkShopSix®, 27 February 2006
é Testing some CAL specs

Level 3 CAL requirement 5.5.5: <3 cm xyz position resolution per layer
(“CAL MIP centroid”)

Level 3 CAL requirement 5.5.6: <15°co0s?6 for cosmic muons (“‘u PSF”)

Want LAC settings to be at 1 or 2 MeV (zero suppression), without overly
hot channels nor overly inefficient channels.

Tools used: my usual TKR extrapolation to CAL, as well as CALMip.
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This talk

David Smith

GLAST LAT Project

Table 6-1. Requirements Verification Matrix

IA WorkShopSix®, 27 February 2006

Note: Venfication methods are T = Test. A = Analvsis. D = Demonstrate, I = Inspect

Req't# Title Summary Verif,
Method
52.1 Energqy Range 20 Me\ — 300 GeV/ A
522 Single Csl Crystal Energy Measurement 5 MeV - 100 GeV A
Range

531 Cn-axis Energy Resolution — Low Energies <50% (20 — 100 MeV) A
<10% {100 MeV - 10 GeV)

532 On-axis Energy Resolution — ngh Energles <20% (10 - 300 GeV) A

533 Off-axis-Crergy Resolution = Higin Energes 5% F10-Gey A

534 Single Crystal Energy Rasolution % for high energy carban TA

54 OOt Calibration Rc!:ti‘-.—'e: <Yr—Aosoiute <10% A

551 Depth > 8.4 radiation lengths of Csl I

552 Hodoscopic Layers Hodoscopic design I

553 Active Area >1050 cm*/module on axis I

554 “ z om = ek of I

_— | CAL

555 Position Resolution < 3 cmin all 3 dimensicns/layer T

556 Angular Resolution <15 » cos™(8) degrees for cosmic T
mucns ? //

56 Command and Dot Teraee =ATsamdard protocols [

57 Measurement Dead Time <100 usec T

58 Crverload Recovery <500 usec T

59 Low Energy Trigger Signal CAL to provide low-energy trigger I
signal to the LAT trigger system

510 High Energy Trigger Signal CAL to provide high-energy trigger I
signal to the LAT trigger system

511 Operating Modes Continucus thru orbits A

512 Calorimeter Mass Not to exceed 1440 kq. |

513 Calornmeter Power Not to exceed 71 W) T

514 Envircnmental Must withstand environmental T
conditions in LAT Instrument
Performance Spec.

515 Performance Life Specified performance for a A
minimum of 5 years

5.16 Reliability Reliability minimum of 96% in 5 A

years.
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é The Method

. [Review my IA Workshop #4 presentation if you like (14 July 2005).]

« Extrapolate TKR track to CAL, predict
which crystals get hit. Look at energy
deposits, positions.

» Use Tkr1EndPos, Dir. Stay a few cm
away from crystal ends.

* Require:
TkrNumTracks ==
Tkr1KalThetaMs < 0.03
Tkr1NumHits > 15

<2 MeV in adjacent crystals
Extrapolation of track must traverse top
& bottom of crystal.

~* Energy corrected for cosb.

SLAC SVAC CAL calib at Bordeaux
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The data sample

Red: six B30 runs (135005404 to 14)

Blue: ~22 (twenty-two) B2 runs (135005345 to 89),
re-processed with the “muon track” hypothesis

Yallow: 4V Suriaice Vivons (vord70309
0
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CAL level 3req’t 5.5.5:
—<3cm xyz position resolution per layer

5.5 Position Resolution

; GLAST LAT Project IA WorkShopSix®, 27 February 2006

n

[Derived from LAT SS-00010 522, 5.2.12]

Each layer of the calorimeter shall position the centroid of a Minimum Ionizing charged
particle energy deposition to less than 3.0 cm (1) in all three dimensions for particle incident
angles of less than 45 degrees off axis.

e i XCalTkrExtrapolTow15Lay6Col7

This is an even layer... xcmmempammn Entiles R OWISLAVEEEL,

_ _ _ P Mean 0.6794

..S0 the x-direction is = Underflow 4

. . mef Overflow 1

the longitudinal - 22 I ndf 18.97 / 24

) . . 200 Constant 4554+ 7.6

meas't (light ratio = Mean 0.7086 = 0.1064

from the two crystal = Sigma 1875+ ‘T-“ﬁﬁ
ends)... "4 20 0 20 40 60 80 100

millimeters ycaiTkrExtrapolTow15Lay6Col7

..whereas the y- YGaiThiEgtsapsitoiiBLaysasl, | Entries 7549

. . . e Mean -0.7766

direction is just the wE iy 0

transverse crystal ol Overflow 0

: = v I ndf 769116

proflle. = Constant 669.4 + 9.4

mE Mean 0.07008 + 0.08787

Z-direction like y. mE- Sigma N
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== CAL position vs extrapolated TKR position

Here, odd layers, all 1536 crystals. (Even layers similar.)

= ¢ mean delta X =850 -
E 1L sigma delta X
E 3[& E r
g $ 8
8 20 8
g 2750
g C g
e *x F
@ C o 7C
£ £
F o = L
a4 F 6.5
< - Py E
Q aE Q
C 6
21 55 L N
C C o
3 5C - " L
[ | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | I_l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Channel Index (odds) Channel Index (odds)
- — 12 i
E f i ; mean deltaY 3 sigma delta Y
- L = 11~
S T 5 T
5 .0 % 10
=% = =% F z
S T S .F "
S of 5 %0 e
X - &= F T
vor w8k e ¥
a4 = :
< A C . \
o L 5 4= = E !
2 6 = 3 -
- c J i - »
- 5 -
-3_||||||||||||||||||||||||||||||||| ;||||||||||||||||F||||||||||||||||
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Channel Index (odds) Channel Index (odds) eaux

Davic



GLAST LAT Project IA WorkShopSix®, 27 February 2006

- All rms’s << 30 mm: req’t met

e
oddDx oddDy .
Entries 768 Entries 7
Delta TkrCal odd x Mean 0.03765 Delta TkrCal odd y Mean -0.2782
F— RMS 1.346 T RMS 0.7225
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10‘E w
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2. SETHTTECAL level 3req't 5.5.
B <15°c0s20 for cosmic muons

5.5.6  Angular Resolution
[Derived from LAT S5-00010 5.2.2, 5.2.12]

The single particle angular resolution at 68% containment for the calorimeter shall be better
than 15 < cos™(8) degrees for cosmic muons traversing all eight layers. (9 is the off-axis angle.)

Use a//B2 “muon TKR hypothesis” MeritTuple files (runs 135005345 to 89)
TCut OneTrack = “TkrNumTracks==1 && CalMipNum==1"
TCut AteLayers = “CalELayer0>8 && ...&& CalELayer7>8 "

Let cosg = -CalDir-VixDir (angle between CALMIP and TKR tracks)
(using Montpellier MIP finder.)

Make 9 bins of 10 degrees each, histogram &, find 68% point.
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10° zenith angle intervals
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psf 5.0 degrees, req't is 10.1 i

pel 6.5 dogress, reqtlls 140

LAt MuPsf2ito30 A
[Enries IEHETE [Enfries Ll Failig
Mean B.374 4. TBH
RMS 4064 U682
Underflow 0 Underflow 0
Crwerflow 7562 1t 70T

psl 5.5 degress, req'l s 12.3

oy I W I 4 45 5

psf 2.5 degrees, reg'tis 2.7

CAL MuPsfTitesn
[Emmies  T5J68 |
Mean 2478 1w
RMS 4 0BG
Underfiow ]
Overflow 188

CAL
[Emmies 2508 |
Mean 1835
RMS 3734
Underfiow 0
Overflow 1]

psf 1.5 degrees, reg'tis 1.0

reg’t met:

Gets marginal
beyond 70

degrees off axis.
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é Reminder: req’t 5.3.4 satisfied at GSI

« Level 3 CAL requirement 5.3.4: <2% single crystal oE/E for carbon

* Look at figures 5 and 14 from Response of the GLAST LAT calorimeter fo

relativistic heavy fons B. Lott -, F. Piron , B. Blank, G. Bogaert , J. Bregeon , G. Canchel ,
A. Chekhtman ', P. d’Avezac , D. Dumora , J. Giovinazzo , J.E. Grove , M. Hellstrom, A.
Jacholkowska , W.N. Johnson, E. Nuss ', Th. Reposeur, D.A. Smith, K. SUmmerer and for the

GLAST collaboration, Nucl. Instr. Meth. A, accepted 17 December 2005, available online
_E 10° _E 11]""'|=-
2 E ]
o r L]
] 1[|2E_ 10wE
For Si, Z=14, and ; F
12 MeV x 142 = 2352, "¢ "°F
where 12 is what we get [ .
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for muons (Z_1 ) Energy (MeV} Energy (MeV)

Fig. 5. Deposited-energy distributions measured in the eight EM layers for 1.7
GeV /nucleon Si ions. The black curves correspond to the gaussian fits of the ion-
ization peaks. The secondary peaks at lower energy correspond to charge-changing
events in which the primary ions lost 1, 2, 3, ..., protons.
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5.3.4  Single Crystal Energy Resolution
[Derived from LAT S5-00010 5.2 2]

The energy resolution (1) shall be less than 2% for high energy (100 to 1000 MeV/nucleon)
Carbon ions of normal incidence at a central point in the crystal with beam spot size less than 3 mm
diameter.

[COMMENT: This resolution shall be tested in accelerator beams on a limited number of CDEs,

which shall be read out with flight or flight-like electronics. The remaining crystals
shall be qualified by similarity to the test crystals ]

Here: For minical, 23 MeV (~1.3%) g o
for carbon (A = 12). § o

30

From NIM: for EM with flight-like 20
electronics, add 6 MeV in 10

O'j—l LI | T 1771 I.ﬁ LI IIIII[IIII]II|I||I|]IIIIIII|

. = 0
quadrature. Still get ~1.3%. s o minical
_ _ g 0 o GEANT4
Following plots confirm that after ¢ ‘o
. . ) s 1 e U
integration, the crystals are still S *el%ooy,
quite uniform for muons i
0 8 101214 16 18 20 22 24 26 28 30

(OE/E ~ 7% for Z=1).

Atomic number

Fig. 14. Top: Widths of the measured (open squares) and calculated (solid dots)
deposited-energy distributions plotted as a function of the ion atomic number. Bot-
tom: same as top for the relative widths.
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ETLC9705

Red: six B30 runs (135005404 to 14)
Blue: eight B2 runs (135005345 to 59)

Dave check 2% in the spike
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57 A typical crystal: tower 9 Layer 7 Column 5

| ETLcoros | ETLC9705
140 — Entries 3081
g Mean 12.65
E Underflow 0
100—
B Overflow 8
P ¥ | ndf 154.3175
60— Constant  775.2+23.0
.mf_ MPV 11.38 + 0.03
b Sigma  0.7291+0.0177
s .
Constant 2298 + 37.5
MPV 11.41+0.02
Sigma 0.7919 £ 0.0107

20 25 30

13

35 40
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Energy deposit vs crystal index

| mean energy deposition |
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éUn -zoom y-axis of energy deposit vs crystal

mean energy deposition /'\ Red: six B30 runs (135005404 to 14)
] 12.6 -
z — Blue: eight B2 runs (135005345 to 59
- — L]
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2 of the 3 channels with LAC DAC = 127. e

Note that simulation (nearly) reproduces the effect.

11.2 MeV by design and in MC, but 11.3 MeV in data, both B2 and B30.
(B30 used for calibration.)
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Energy deposit histograms

Here, B2. B30 looks same, MC looks real similar.

| Energy Landau MPV |

10°

10

Empv

Entries 1536
Mean 11.34
RMS 0.06699
Underflow 0

Overflow 0

1 10.5 11 12 125 13
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| === Ew
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= RMS 0.02557
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s
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é Fraction of events where expected energy "™**”*

~~ deposit is absent, per crystal.
locpsione ] @ Empty"” means <7 MeV.
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iIngle diode pedestal-subtracted ADC counts

[ AdcOTLCO705 | AdcOTLCO705

Entries 1912

— Mean 378.2

- RMS 209

Underflow 0

10— Overflow a4

= °{ ndf 105.9 / 86

— Constant 141.8+ 6.0

I MPV 381.1+ 3.4

B Sigma 54.4: 2.4

10

10

o 200 400
| AdciTLCO705 | LAC threshold. Adc1TLC9705

= Entries 2585

= Mean 350.8

- Underflow 0

B Overflow 55

10— w2 I ndf 109/ 87

— Constant 151.4 £ 5.7

i MPV 395.2+3.9

B Sigma 66.52 = 2.88

1000
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CalTuple i1s A.O.K.

Preceding plot took a while to make: the CalTuple
a) dropped empty events, fouling up the correspondence between
Merit<->SVAC<->CalTuple

b) Had different root structure from other tuples, and different versions
between MC and real data.

Thanks to Zach and Anders and Heather it is now “A #1”.

To express LAC in MeV: Landau fit gives MPV in ADC counts, then say
LAC_MeV = 11.2 * LAC_adc/MPV
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Observed LAC thresholds for all channels

 Find the LAC turn on, in ADC counts, crystal-by-crystal.

* Tuning in progress -- presently what | find is (maybe) 2x too high.

| LAC values, face 0 |
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é A, CERN testbeams and DC2

In IA we've looked at mostly muons, at the micro micro level

Beginning Wednesday, we hope to look at gammas at the macro macro
level (like, the Universe, man!)

How to transition? Real gamma rays coming this summer... here |
attempt to look at some of the simulated test beam gammas but frankly, |
don’t know how to get there from here. Anybody want to give me a hand?
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Conclusions

« <30 cm MIP centroid requirement 5.5.5 is satisfied.
« <15°c0s?0 PSF for u's requirement 5.5.6 is satisfied.

« LAC settings (zero suppression) are 1 or 2 MeV. A few warm and cool
channels that are being taken care of.
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