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Reminder: L extraction from pp el. scattering

do_dg, do, dg,
'Coulomb 4 ¥~ hadronic 4 ¥ ¥interference
dt dt

@ coulomb part:
can be calculated
from QED

@ hadronic part:

measurement+models
Il
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
+t(GeV?)
measurement at small momentum transfer
t = 2pZ,(1 — cosfcm) — small 6 (3-8 mrad)

Luminosity extraction by the fit of 6 distribution J
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Reminder: LMD Design

@ measurement at small 6 (3-8 mrad)
@ position downstream from IP (~ 11 m)

@ placed inside vacuum box to minimize scattering of
antiprotons
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Track reconstruction chain

Hit reconstruction

Track search

Track fit

Back propagation to IP

Luminosity fit

C NN )
NN ANV ANV AN/
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Track reconstruction chain

Hit reconstruction

Track search

Minuit

Track fit

Kalman Filter

)
)

Back propagation to IP

Luminosity fit

CNC NN =0

\J%\\J\J
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Hit reconstruction

Track search

Luminosity detector

TI‘aCk flt Interaction point IP

Back propagation to IP L

hits

Transition
<—— Solenoid field  field

Luminosity fit

CNC NN DN
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Back propagation from LMD (short history)

GEANE
@ Was the only one option before Apr.2013
@ Problems with error propagation

@ Strange behavior for parameters propagation
(Different for different beam momentum = wasn’t
clear is it GEANE problem or mag.field effect)

Runge-Kutta
@ New option since Apr.2013
@ Reason for systematic effects was found quite fast

@ Result of error propagation looks strange




Luminosity detector
Interaction point IP
*———
hits
Transition
<—— Solenoid field field

Step size with knowledge of magnetic field changes
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Luminosity detector
Interaction point IP
o
hits
-<—— Solenoid field:

Step size with knowledge of magnetic field changes
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Pull of variable (Xrec — Xumc)/ox

example: pull X before back propagation, 1.5 GeV/c

(XMC-XREC)/G (near Lumi)

Mean

| Minuit
6000F pean: 0.003 + 0.004
[ Sigma: 1.1+ 0.003

Kalman
Mean: 0.012 + 0.003
Sigma: 0.95 + 0.002

40001~

2000~ Sigma

5 10
(X, Xrec)0

For track description we have 6 variables
(PCA and direction at this point) J
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BP with GEANE in one step

pull Xpca, mean value

——+— KALMAN=GEANE, BP=GEANE [LMD]
% 0 2 —@— KALMAN=GEANE, BP=GEANE [PCA]
@ “"<|| —H— KALMAN=GEANE, BP=RK [LMD]
e || —Jll— KALMAN=GEANE, BP=RK [PCA]
X [l —4— KALMAN=RK, BP=GEANE [LMD]
o H —A— KALMAN=RK, BP=GEANE [PCA]
~
0.1 —4— KAMAN=RK, BP=RK [LMD]
3 .
w fl —W— KALMAN=RK, BP=RK [PCA]
B
1
Q
§>< (0|2 s S AR -
N—r
e e P b b e b b by

2 4 6 8 10 12 14
momentum, GeV/c

For diff. energies GEANE has diff. systematic shifts

J
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BP with GEANE in one step

pull Xpca, sigma value

©
2
b>< ——+—  KALMAN=GEANE, BP=GEANE [LMD]
6\\1 47 —@— KALMAN=GEANE, BP=GEANE [PCA]
| . —FH— KALMAN=GEANE, BP=RK [LMD]
'I>< —Jll— KALMAN=GEANE, BP=RK [PCA]
, | KALMAN=RK, BP= [LMD]
%) 1.2 —A— KALMAN=RK, BP=GEANE [PCA]
= —4— KALMAN=RK, BP=RK [LMD]
Z<, —W— KALMAN=RK, BP=RK [PCA]
= ra| 7
v E— o TawaT 2
0.8{2%3‘:;:"§"
| | | | | | |

momentum, GeV/c

GEANE overestimates errors
Runge-Kutta underestimates them J
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BP with GEANE in one step

diff. Zymc — Zrec, mean value

e q + KALI  BP= [PCA]
c)— E + KALMAN=GEANE, BP=RK [PCA]
6 10'25 —:— KALMAN=RK, BP=GEANE [PCA]
.D_'. [l —Y— KALMAN=RK, BP=RK [PCA]
g I
© 10°E
€ E
B—“ r
N 1041\|:|
o F
2, r
T [ R RN R SR B
2 4 6 8 10 12 14
momentum, GeV/c
11.91 GeV/c and 15 GeV/c:
GEANE gives shift ~ 100 um J
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BP with GEANE in one step

pull Pz, sigma value

10 12 14
momentum, GeV/c

——+— KALMAN=GEANE, BP=GEANE [LMD]
@© —@— KALMAN=GEANE, BP=GEANE [PCA]
IS —HH—  KALMAN=GEANE, BP=RK [LMD]
=2 —Jll— KALMAN=GEANE, BP=RK [PCA]
" 1.5~ —4— KALMAN=RK, BP=GEANE [LMD]
N —A— KALMAN=RK, BP=GEANE [PCA]
bn' —4— KALMAN=RK, BP=RK [LMD]
~ —W— KALMAN=RK, BP=RK [PCA]
O
&
N
[a 1
1
Q
=N
o
0.5
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GEANE overestimate errors
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And much more plots tell us...

@ With such approach GEANE has problem with

parameters propagation
@ PCA is shifted!
@ But understanding step size isn’t easy

(Many thanks to Lia Lavezzi for helping us with
GEANE, including explanation parameters list)

GEANE (external) params for step

Name Meaning Value
tmaxfd | max. angular deviation due to field -1
stemax max. step size -1
deemax max. fractional energy loss -1
epsil precision in boundary crossing 0.001
stmin min. step size -1

(Value <0 means it will be calculated inside GEANE)




Possible tricks

Change GEANE

¢ Change the maximum bending angle allowed within
one step (default 20°)
— doesn’t work without:

o Change MXNSTP=max.number of steps (default 1000)
But it’s internal parameter in Geant3 = one has
to touch external packages

Change approach to GEANE

@ Divide 12m - 2m distance on 7 steps as it was done
with Runge-Kutta
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BP with GEANE in 7 steps

Pull Xpca, mean value

———— KALMAN=GEANE, BP=GEANE [LMD]
—@)— KALMAN=GEANE, BP=GEANE [PCA]
KALMAN=GEANE, BP=RK [LMD]
:ﬁ: KALMAN=GEANE, BP=RK [PCA]
———— KALMAN=RK, BP=GEANE [LMD]
——A—— KALMAN=RK, BP=GEANE [PCA]

0.02/l —4— Kaman=R«, BP=RK [LMD]
—W— KALMAN=RK, BP=RK [PCA] /j

XM - XRE9/a,,, mean

momentum, GeV/c

Systematic shift after back propagation is smaller J
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BP with GEANE in 7 steps

Pull Xpca, sigma value

MINUIT, BP=GEANE [LMD]
MINUIT, BP=GEANE [PCA]
MINUIT, BP=RK [LMD]

—5—
——
—H—
[ —Jll— MINUIT, BP=RK [PCA]
T
——
—v—

w

KALMAN=GEANE, BP=GEANE [LMD]
- ——A—— KALMAN=GEANE, BP=GEANE [PCA]
KALMAN=GEANE, BP=RK [LMD]
KALMAN=GEANE, BP=RK [PCA]
BP=GEANE [LMD]
BP=GEANE [PCA]

, BP=RK [LMD]

L KALMAN=RK, BP=RK [PCA]

U'I(T.)O'I

N

(XM - X*%/q,, sigma
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-
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v

AT F ¢
W——""3

2

2 4 6 8 10 12 14
momentum, GeV/c

el Minuit

GEANE underestimates below 11 GeV/c
Runge-Kutta underestimates errors

GEANE overestimates errors
Runge-Kutta underestimates
(As before)
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BP with GEANE in 7 steps

Diff. Zyc — Zrec, mean value

-3
e o><1O
5 L
g i
a -0.02—
= L
(U |
g = —@)— KALMAN=GEANE, BP=GEANE [PCA]
~-0.04 —Jll— KALMAN=GEANE, BP=RK [PCA]
EJ)_ + KALMAN=RK, BP=GEANE [PCA]
14 —W— KALMAN=RK, BP=RK [PCA]
N
g -0.06
N
o by b b b b b by
2 4 6 8 10
momentum, GeV/c
Systematic shift is below 1 um )

19/25



BP with GEANE in 7 steps

Pull Pz, sigma value

IS

w

- PE¥9/a,,,, sigma

MC
P
z
N

(

MINUIT, BP=GEANE [LMD]
MINUIT, BP=GEANE [PCA]
MINUIT, BP=RK [LMD]
MINUIT, BP=RK [PCA]
KALMAN=GEANE, BP=GEANE [LMD]
KALMAN=GEANE, BP=GEANE [PCA]
KALMAN=GEANE, BP=RK [LMD]
KALMAN=GEANE, BP=RK [PCA]
KALMAN=RK, BP=GEANE [LMD]
KALMAN=RK, BP=GEANE [PCA]
KALMAN=RK, BP=RK [LMD]
KALMAN=RK, BP=RK [PCA]

=

Z

N
IN

6 8

10 12 14

momentum, GeV/c

Kalman

GEANE overestimates errors
Runge-Kutta slightly overestimates
(As before)

Minuit

GEANE overestimates errors
Runge-Kutta underestimates
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BP with GEANE in 7 steps

Pull 6, sigma value

——+— KALMAN=GEANE, BP=GEANE [LMD]
—@— KALMAN=GEANE, BP=GEANE [PCA]
—H— KALMAN=GEANE, BP=RK [LMD]
—Jll— KALMAN=GEANE, BP=RK [PCA]
—+— KALMAN=RK, BP=GEANE [LMD]
—— KALMAN=RK, BP=GEANE [PCA]
—4— KALMAN=RK, BP=RK [LMD]
—W— KALMAN=RK, BP=RK [PCA]

(8" - 87%)/g,, sigma [PCA]
N

FrproT

0.8
Lo b b v b b v b by vy
2 4 6 8 10
momentum, GeV/c
err P, should directly participate in err 6 calculation
Why err 0 is 0K, while err P, is so overestimated 7 J
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global steps vs. internal steps for Geane

parameters residuals

Global — 7 global steps, bending angle = 20°
Internal — 1 global step, bending angle = 0.01°

15 GeV/c Global Internal
Param Kalman BP Kalman BP
X, cm 0 2.10 3 5.10 3 310 2
y, cm 0 10°* | -5:1073 | -5.103
z, cm ND =Bl ND =212
px, MeV/c | 21073 | -5.1073 | 2:1072 | -7.10°2
py, MeV/c 1073 3103 21073 1072
pz, MeV/c | 10°* 510°° | -5.10°* 0
1.5 GeV/c Global Internal
Param Kalman BP Kalman BP
x,cm 0 4.510° | -2.10°° 0
y,cm 0 - 1072 | 51073 | -2.5.103
z, cm ND -107* ND 1-107¢
px, MeV/c | 21073 | -1.10? 0 1.5:10°2
py, MeV/c | 1073 | 1.7.107% | 21073 -1072
pz, MeV/c | 5107° | 1.3.1073 | -5.107* 1-1073
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global steps vs. internal steps

time, 1 trk/ev

Global — 7 global steps, bending angle = 20°

Internal — 1 global step, bending angle = 0.01°

Geane
P, GeV/c Global Internal
Kalman, ms BP, ms Kalman, ms BP, ms
1.5 5 3 22 616
4.06 5 2 12 400
8.9 5 2 9 266
11.91 5 2 8 227
15 5 2 8 198
Runge-Kutta, 7 gl. steps
P, GeV/c
Kalman, ms BP, ms
1.5 2 3
4.06 2 2
8.9 2 2
11.91 2 2
15 2 2




Back propagation results

@ Back propagation in one global step — shifted PCA

Geane: due to large bending angle (20°)

Runge-Kutta: due to large step size (~ 100 cm)

o Change number of global steps
— shifts aren’t so significant in both cases

O pull (Ppeam = 4.06 GeV/c)

e Geane:
PCA Px,Py
qu,, ~0.8 qu,, ~0.9
puII ~0.1

(errors overestimation)

e RK:
PCA Px,Py
pu,, ~1.5 T pull ~0.9
puII =il

(errors underestimation for PCA)

Opull (Ppeam = 1.5 GeV/c)
o Geane:

~0.8 o’
~1.3 of

puIl ~0.1

(errors overestimation for PCA)

~0.6
~1

ox
pul/ pul/

pull pull

e RK:

~1.5 o2% ~1.2

~1.1

X
pull
oP u,, ~1.4 oF
~1.2

(errors underestimation for PCA)

pull

pul/
pul/

o
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Conclusion

@ Runge-Kutta algorithm from GenFit

e tested for Kalman Filter and back propagation
(additional option to GEANE)

@ Back propagation now is done in 7 global steps

e Parameters propagation is 0K for both ©
e Error propagation isn’t ®
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