T T

UT-BATTELLE
OAK RIDGE NATIONAL LABORATORY

GRETINA Signal Decomposition

David Radford ORNL

Oct 2006



UT-BATTELLE

OAK RIDGE NATIONAL LABORATORY

Welcome and introduction DR
Brief status of GRETINA, scans, and in-beam tests YL, MC
Intro to GRETINA signal decomposition algorithm DR

Quasi-cylindrical grid KL
Singular value decomposition ID
Status of AGATA algorithm(s)? JC/MD
Cross-talk and other effects DR et al.

Time-zero alignment
Basis storage: unigue segment signals
What needs to be done, and priorities All
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of pulse shapes

Segment signals have more
position information than the
central contact signal alone.

Concatenated segment signals
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GEANT simulations; GEANT simulat
: i simulations i
1 MeV gamma into 0F gamma ray @ 1 MeV
GRETA I ]
70k Interactions per segment )
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Most hit crystals
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Most hit segments
have one or two 10} i
Interactions . . .
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Large parameter space to search
Average segment ~ 6000 mm?3 ; so for ~ 1 mm position sensitivity:
— two interactions in one segment ~ 1.8 x 10° positions
— two interactions in each of two segments ~ 3 x 102 positions
— two interactions in each of three segments ~ 6 x 1018 positions
PLUS energy fractionation, time-zero, ...
Underconstrained fits (especially with > 1 interaction/segment)
For one segment, have only ~ 9 x 40 = 360 nontrivial numbers
Strongly-varying, nonlinear sensitivity
— 87218(0z) much larger near segment boundaries
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Candidate algorithms
selected for detailed study:

« Adaptive Grid Search

 Singular Value Decomposition

e Constrained Least-Squares /
Sequential Quadratic Programming

When work begun in 2003, “best” algorithm was taking
~7s/segment/CPU
- would require ~ 10> CPUs for GRETINA




Signal Decomposition: AGS ZLBATELLE

Adaptive Grid Search - - - -
algorithm:

« Start on a course grid, to

roughly localize the - : o o o
Interactions



Signal Decomposition: AGS ZLBATELLE

Adaptive Grid Search

algorithm: e e s menE
« Start on a course grid, to = = = ®§ ® = = § =
roughly localize the = = = = = = = = m
Interactions

* Then refine the grid close
to the identified interaction " = = = ® = ® ®m =

points.




Signal Decomposition: AGS

Adaptive
Grid Search
algorithm:

Start on a
course grid, to
roughly
localize the
Interactions,
then refine
the grid close

by.
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Current Adaptive Grid Search algorithm:
* AGS, followed by constrained least-squares
« 1 or 2 interactions per hit segment
 Grid search in position only; energy fractions are L-S fitted
e Coarse grid is 2x2x2 mm (front) or 3x3x3 mm (rear)
- Gives N < 600 coarse grid points per segment.
- For two interactions in one segment, have
N(N-1)/2 < 1.8 x 10° pairs of points for grid search.
- This takes ~ 3 ms/cpu to run through.
« Works very well for both 1- and 2-segment events
- Reproduces positions of simulated events to ~ %2 mm

- Very fast; ~ 3-8 ms/event/CPU for 1 seg;
~ 15-25 ms/event/CPU for 2 seg. (2GHz P4)
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Adaptive grid search fitting:

Energies e, and g, are constrained, such that 0.1(e;+e)) < e; < 0.9(e;+e))

Once the best pair of positions (lowest y?) is found on the coarse grid,
then all neighbor pairs are examined on the finer (1x1x1 mm) grid. This
IS 27*27 = 729 pairs. If any of them are better, the procedure is
repeated.

For this later procedure, the summed signal-products cannot be
precalculated.

Finally, nonlinear least-squares (SQP) can be used to interpolate off the
grid. This improves the chi-squared ~ 50% of the time.
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Example events

Blue: measured

Red: fitted
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30-May-05 18:43:08 4 .MOD

Red: measured

Blue: fitted /
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v Replace Cartesian coordinate system with

cylindrical or quasi-cylindrical coord’s (begun)
- should save time and improve accuracy
- constraints programmed into SQP

v Include variation in start time of measured signals (t,)
 Allow for occasional three interactions/segment?
 Compare reliability of AGS and SVD results

« Examine failure modes in detall, develop metrics

v’ Deal with irregular-hexagonal detectors




Time-zero alignment
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Raw signal
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Linear Least-Squares

For two interactions of energies e;, e; at locations ¢ and j, the calculated
signal is Cyy = (e;Sike + €j5j5:) Where k is the segment and ¢ the time
step. s 18 the basis signal calculated at pomnt 2.

If the observed signal 1s O

t 2 oL@ oL g 2
\,2 . Z (Oﬁ:t — (-"kf) . Zkr(oﬁct — CiSikt — tjbjk‘t) (1)
AN - 2 - 2
kt Tt g
where o;; = o is the uncertainty (noise) in Oy, assumed independent of

. t.
T . . e . _ 22 i
We want a minimum in <, 7.e.
ox?  Oy?

de; de;

0 (2)
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Math (continued)

Thus we get two equations in two unknowns:

2 i :
Z Okt Sikt — € Z Sikt — €5 Z SiktSjkt = U
kt ket kt

2 : S
Z OktS‘}k’f — E?j Z Sjk’f — €5 Z -E&E';gtbj,{;t
ket kt

We can precalculate

and

once for all events, and

o1ce per event.

kt
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Cross-talk: Scan Data UT-BATTELLE

Red: measured
Blue: expected basis and estimated cross-talk (17, 10, 15).

Black: final expected signal = sum of two bluesignals.

The cross talk that goes into neighboring segments gets
subtracted from the middle segment. 3500 7

13-Apr-06 19:32:58 KkddiMTID

1500 +

3500 ' 00 o0
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Cross-talk: Scan Data UT-BATTELLE

Red: measured
Blue: expected basis and estimated cross-talk (17, 10, 15).

Black: final expected signal = sum of two bluesignals.

The cross talk that goes into neighboring segments gets
subtracted from the middle segment.

13-Apr-06 19:33:18 ki INHTID
22000 +

14000 +

6000 +

3700 3800

3400 ' 3500
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Cross-talk Data UT BATTELLE

Experiment: °0Co source, at target position

» Select events where 1.33 MeV deposited in single segment
 Correct for baselines and individual gains

* Do time-zero alignment for each event (earliest CFD)
 Take average signal for each segment

« 36 X 37 x 108 data points

Fit: Simulated energy depositions

» Again select full-energy single-segment events
» Use energy depositions to calculate total signal
 Align time-zeroes, add random error

» Take average signal for each segment
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Total of 669 fitted parameters:

« 36 delays (segments relative to central contact)

e 37 Integration times (one for each signal)

¢« 36 * 17 + 2 + 36 = 342 differential cross talk coef’s
e 36 * 7 = 252 Integral cross talk coef’s

» 2 miscellaneous.
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23-Oct-06 15:47:40 22 23 10!1(96 T

Blue: observed I

Red: calculated oo
- N0 preamp rise time |
- no cross talk
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Cross-talk Data UTBATTELLE

Blue: observed |

Red: calculated efod
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Cross-talk Data ST-BATTELLE

( Blue: observed T

Red: calculated ko
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Calculated 4
Blue: back plane |4"'
Red: front plane H;‘
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#define GRID PTS 337548 /* number of grid points in the basis */

#define GRID SEGS 37 /* number of signals calculated for each basis point */

#define TIME STEPS 50 /* number of time steps calculated/measured for each segment */
#define SX 80 /* range of x in basis grid */

#define SY 80 /* range of y in basis grid */

#define SZ 90 /* range of z in basis grid */

/* data structure for calculated basis signals */
typedef struct {

float x, v, z; /* cartesian coordinates of grid point */
float signal [GRID_SEGS] [50] ; /* actual basis signals */
int lo time [GRID_SEGS], hi time [GRID SEGS]; /* limits for non-zero signal */

} Basis Point;

Basis Point *basis; /* basis-signal data */
int grid pos 1lu[SX] [SY] [SZ]; /* basis-grid position look-up table */

Size: 2.6 GB
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#define GRID PTS 226993 /* number of grid points in the basis */

#define GRID SEGS 37 /* number of signals calculated for each basis point */

#define TIME STEPS 50 /* number of time steps calculated/measured for each segment */
#define SSEG 36 /* range of seg in basis grid */

#define SRAD 36 /* range of r in basis grid */

#define SPHI 13 /* range of phi in basis grid */

#define SZZzZZ 20 /* range of z in basis grid */

/* data structure for calculated basis signals */
typedef struct {

char iseg, ir, ip, iz; /* integer cylindrical coordinates of grid point */
float x, vy, z; /* cartesian coordinates of grid point */

float signal [GRID_SEGS] [50]; /* actual basis signals */

int lo time [GRID SEGS], hi time [GRID_SEGS]; /* limits for non-zero signal */

} Basis Point;

Basis Point *basis; /* basis-signal data */
int grid pos 1u[SSEG] [SRAD] [SPHI] [SZZZ] ; /* basis-grid position look-up table */
int maxir [SSEG], maxip[SSEG], maxiz[SSEG]; /* max. values of ir, ip, iz

for each segment */

Size: 1710 MB




Basis Data Structures - Cyl. Short UT-BATTELLE

OAK RIDGE NATIONAL LABORATORY

#define GRID PTS 226993 /* number of grid points in the basis */

#define GRID SEGS 37 /* number of signals calculated for each basis point */

#define TIME STEPS 50 /* number of time steps calculated/measured for each segment */
#define SSEG 36 /* range of seg in basis grid */

#define SRAD 36 /* range of r in basis grid */

#define SPHI 13 /* range of phi in basis grid */

#define SZZzZZ 20 /* range of z in basis grid */

/* data structure for calculated basis signals */
typedef struct {

char iseg, ir, ip, iz; /* integer cylindrical coordinates of grid point */
float x, vy, z; /* cartesian coordinates of grid point */

short signal [GRID_ SEGS] [50]; /* actual basis signals */

int lo time [GRID SEGS], hi time [GRID_SEGS]; /* limits for non-zero signal */

} Short Basis Point;

Short Basis Point *basis; /* basis-signal data */
int grid pos 1u[SSEG] [SRAD] [SPHI] [SZZZ] ; /* basis-grid position look-up table */
int maxir [SSEG], maxip[SSEG], maxiz[SSEG]; /* max. values of ir, ip, iz

for each segment */

Size: 890 MB




Basis Data Structures - Cyl. Unique

#define
#define
#define

#define
#define
#define
#define

/* data

typedef
short
int

} unigq;

/* data
typedet
char
float
uniq
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GRID_ PTS 226993 /* number of grid points in the basis */

GRID SEGS 37 /* number of signals calculated for each basis point */

TIME STEPS 50 /* number of time steps calculated/measured for each segment */
SSEG 36 /* range of seg in basis grid */

SRAD 36 /* range of r in basis grid */

SPHI 13 /* range of phi in basis grid */

SZZZ 20 /* range of z in basis grid */

structure for stored unique basis signals */

struct {
data[50] ; /* actual basis signals */
lo time [GRID_SEGS], hi time [GRID SEGS]; /* limits for non-zero signal */

structure for calculated basis signals */

struct
iseg, ir, ip, iz; /* integer cylindrical coordinates of grid point */
X, Y, Z; /* cartesian coordinates of grid point */

*signal [GRID SEGS] ; /* pointers to actual basis signals */

} Uniqg Basis Point;

Unig Basis Point

int
int

Size:

basis [GRID_ PTS];
grid_pos_1lu[SSEG] [SRAD] [SPHI] [SZZZ] ;
maxir [SSEG], maxip[SSEG], maxiz [SSEG];

/* basis-signal data */
/* basis-grid position look-up table */
/* max. values of ir, ip, iz

for each segment */

130 MB (depends on chi-squared threshold)
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#define GRID PTS 226993 /* number of grid points in the basis */

#define GRID SEGS 37 /* number of signals calculated for each basis point */

#define TIME STEPS 50 /* number of time steps calculated/measured for each segment */
#define SSEG 36 /* range of seg in basis grid */

#define SRAD 36 /* range of r in basis grid */

#define SPHI 13 /* range of phi in basis grid */

#define SZZzZZ 20 /* range of z in basis grid */

/* data structure for calculated basis signals */
typedef struct {

char iseg, ir, ip, iz; /* integer cylindrical coordinates of grid point */
float x, vy, z; /* cartesian coordinates of grid point */
float *signall???]; /* SVD vector */
} SVD Vect;
SVD_Vect basis [GRID PTS] ; /* basis-signal data */
int grid pos 1u[SSEG] [SRAD] [SPHI] [SZZZ] ; /* basis-grid position look-up table */
int maxir [SSEG], maxip[SSEG], maxiz[SSEG]; /* max. values of ir, ip, iz

for each segment */

Size: ?7?77?
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1. Reanalyse scan data with new basis (swap 2 segments) MC
1. Debug new gdecomp, front end DCR
2. Modularize gdecomp >> snapshot DCR, CL, JC
2. Standard test set DCR/KL, JP
2. Yet another new-new basis for PII, PIIl, with cross talk, preamp response
3. (Re)analysis of PlIl LBNL & MSU in-beam data MC, PF, JP
4. Develop & implement new, more meaningful metrics YL, MC, DCR
4. Investigate N;,; determination in SVD with realistic energy split ID
5. (by 07/047?) Hybrid SVD+AGS+SQP algorithm library Many
5. Examine failure modes in detail - AGS, SVD, Tracking All
6. Allow for occasional three interactions/segment in AGS? DCR
* Improve determination of event time (t;) PC, ?????, MD
® Understand hole drift velocity (ID), MD
® Understand charge collection at segment lines and end of crystal
® (by 07/01) More coincidence scan measurements AOM, JP
® (by 07/01) Singles scan measurements AOM, JP

- colimated low-energy on outside surface (for xtalk & sig-gen)

- colimated Cs (x,y) crystal volume
® (by 07/01) Include direction anisotropy in signal calculation IY
®* (by 07/03) Calculate signals for quad crystals IY, KL, JP
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Decomposition:

® Position resolution

* Efficiency at 1.33 MeV (after tracking)
* Peak-to-total ®°Co (after tracking)

®* CPU time/ throughput

Basis / Signal generation:
® Chi-squared for coincidence scans
® Chisq / position distribution for singles scans
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Solid-state physics division?
EE and SSP @ UCB
Tech-X: new SBIR?

Sebastian @ ANL
Kai and student @ LLNL
Mike Carpenter?

1-2 students @ NSCL

“formal” approach to AGATA, TIGRESS




