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Partl: DCH in RUN7: MC vs. data




Drift Chambers Reconstruction Chain

MC Points | iNPUt | data digis

simulated .
. time transform
coordinate . .
. into distance
smearing

DCH hits on layer
+ segments +

N 200 - global tracks
Matching Criteria
dcl segment size + dc2 segment size >=6 + 6 hits output

fabs(dx) <12 cm;

fabs(dy) < 15 cm;
fabs(daX) < 0.25 rad;

fabs(daY) < 0.25 rad. Wide cuts




Some selected residuals [Measurement - segmentFit]

C beam, empty target, B = 1200A

MC segments
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Data segments

dc1 xa_mes - xa_from_fit

= hResidx1a
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MC and data residuals are in agreement for all coordinates




Angle values and resolution

C beam, empty target, B = 1200A

MC segments

axi
1000 —
B haX1
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800 — Mean 0.07074
- Std Dev 0.01152
a0 — ¥/ ndt 235/20 X Slope
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Data segments
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Coordinates values and beam width

C beam, empty target, B = 1200A

MC segments Data segments
X1
X1
3000 hx1 L
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F Mean 34.84 r hx1
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Difference in slopes between DC1 & DC2

C beam, empty target, B = 1200A

MC reco

ax2-axXim
haX2_aXim
00 = : Entries 15548
y Mean 0.0004224
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MC slope difference distributions are adequate to SRC data




Difference in coordinates for matching DC1 with DC2

C beam, empty target, B = 1200A

MC reco data reco

Xdc2 - Xde1 extrapol Zmid, m closest Xdc2 - Xdc1 exirapol Zmid, m closest
F ; hX1_X2_glob_m 2400 = hX1_X2 glob m
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Smearing for MC coordinates is adequate to SRC data




C Beam momentum resolution

C Beam, empty

MC DCH global tracks

momentum = .3*Int{BL)/[sin{alphaX_out-alphaX_in)+C]

target, B = 1200A
RUN7 data DCH global tracks

momentum = .3*Int{BL)/[sin{alphaX_out-alphax_in}+C]

i : hP 900 hP
1000 ﬁ Entries 10902 - ﬁ Entries 14858

L BOO—

. Mean 8.153 = Mean 7.958
s00l 5;"5; D;f‘“ 0.6295 700 Std Dev 1.036
F M“”Sta”‘ 1221}} ‘;32 : Constant 850.8 + 11.4

— ean gl | X —

i Sigma (‘E‘bn 550 0.0015 = Mean  7.943 + 0.003

i ‘ : 400 Sigma ( 0.244 £0.003
400 — C —

B 300
200 L EDUf—

: J \L"“ mnf_ HII\MN

D—drh. I--I—l ol |J L 1 | 11 1 o T | J_I 1.l J_I ledhal I_L Ll J L L | | | Sy | :

lDE G 7 B 4 10 11 12 13 14 N A S N A NI R AN AR A

15
GeV/c

05 G 7 8 9 10 11 12 13 14

0.3 [ Bdl

beam(eSt) Sin(aout_ain)

P

ai, - angle of beam before magnet (MWPC);
Aoy - angles of beam after magnet (DCH);
[ Bdl - magnet field integral [T*m].




Ar beam e.m. contaminated MC data vs. Ar data

Ar beam, empty target, B = 1250A

DCH1 reconstructed segments local coordinates

MC data
Beam cut
(X,Y) local coord of a seg in dc1 d (X,Y) local coord of a seg in de1
1 hlocXY1

Enlg 32385 e Entries 456748
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Remark. Cut on beam region applied in order for reconstruction to work properly




leference in slopes for DC1 & DC2

Ar Beam, empty target, B = 1250A data
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X slope 1000

aX2-aXim aX? - aX1m
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MC slope difference distributions are adequate to Ar data
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Difference in coordinates for matching DC1 with DC2

MC reco

Xdc2 - Xdc1 extrapol Zmid, m closest

260 = hX1_X2 glob_m
r Entries 25477
- Mean -0.2269
200 Std Dev £.833
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Ar Beam, empty target, B = 1250A 4 i3 reco

Xdc2 - Xdc1 extrapol Zmid, m closest
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Smearing for MC coordinates is adequate to Ar data




Part?2

Gem + DCH + tof700 matching with MC data




Criteria and Notations

“Good” GEM tracks - those which pass cut selection.
Yuri Petuhkov data cut

if (nSiGemHits < 6 ||
gemX < -140 || gemX > 240 ||
gemY < -40 || gemY > 200 ||
gemTx < -0.5 || gemTx > 1.0 ||
gemTy < -0.1 || gemTy > 0.5 ||
Xpv <-3.5 [| Xpv > 4.0 ||
Ypv < -1.0 || YpVv > 6.0 ||
Qp == 0.0 || 1.0/TMath::Abs(Qp) > 15.0 || 1.0/TMath::Abs(Qp) < 0.15 ||
gemZ < 500) continue;

Matching criteria:

“Good” GEM+DCH tracks - those which pass cut selection.
Abs(Dx)<4 o and Abs(Dy)<4 o

“Good” GEM+DCH tracks+TOF700 hits matching criteria:

track and hit pairs are sorted in a multimap by minimum distance,
unique pairs are selected MAX distance (R) cut ~7 cm




“Good” Gem Tracks

L1 tracking used for DCM-SMM Simulated Ar+target, B= 1250 A

XYMinimumBhiseamCut

XYMinimuméhitsBeamCut

80 L Entries 1056995
5 Mean x 25.38
60 Mean y 43.75
Std Devx  48.57
40 e StdDevy 26.13
208
0 _ __
20 -
40" -
60—
80—

_10q|-|'1||-|'||||||||||||||||||||||
-100-80 -60 -40 20 0 20 40 60 80 100

GEM to DCH extrapolation
Minimum 6 SIGEM hits

[15)

“Good” GEM tracks are 1/3 of all GEM tracks associated with MC Id



GEM-DCH1 Matching Criteria

DCH1, Fit Gaus+pol2 DCH1, Fit Gaus+pol2

Dx

Function: Gaus + pol2

Dx-peak is situated in interval of +2cm
Dy-peak is between t1icm

Dx o ~ 0.54

Dy ¢ ~ 0.34

Matching criteria: Abs(Dx)<4 ¢ and Abs(Dy)<4 ¢




GEM-DCH Matching Efficiencies

Ngem trs= 2 886 024 all gem tracks associated with MC track

Ngood gem trs = 1 030 346 gem tracks with minimum 6 si-gem hits and associated
with MC track

N, dchtr = 148 831 dch tracks that are associated with a MC track and correspond
to a good gem track

N =124 511 dch tracks that pass matching criteria with good gem

matched trs —

N = 123 523 matched dch tracks that coincide by associated MC track.

true matched trs™

Ntruematchedtrs 123 523

E ing = = =99.29
ffMC_Id_matChlng Nmatchedtrs 124 511 é

Ntruematchedtrs _ 124 511
Ny dchtr 148 831

Effmatching = = 82.99%




GEM-DCH-TOF700 Matching Efficiencies

N = 124 511 good gem tracks that pass the matching criteria with dch

good gem dch trs

NW. tof hit — 107 766 tof hits that have MC Id corresponding to good gem dch track

N = 95 838, tof hits that pass the matching criteria with good gem dch track

matched trs

Ntrue matched trs — 91 218 tof hits that pass the matching criteria and coincide by

MC Id with good gem track

N truematchedtrs 91 218

E ing = = = 95.179
f f MC_Id_matching Nmatchedtrs 95 838 %

N 91 218
Effmatching _ truematchedtrs — 84.64 9%

Nucopnic 107766




w "X

TOF700 Efficiency vs XY

DCHI1 DCHI1+2

wo ‘X

X, cm

X, cm

Efficiency is good enough. Small edge effect.

X, cm

X, cm




Conclusions

1) DCH MC vs. data:
* MC with adequate DCH hit smearing was done

* Residuals and segment parameters are in agreement between
MC and data

* The differences for matching between two DCH chambers in
slopes and coordinates are quite similar for MC and data

2) GEM-DCH-TOF700 matching for MC Ar+targets:

* GEM-DCH matching efficiency is 83% (tracking needs to be
improved)

* MC Id matching efficiency is high - 99.2%

* GEM-DCH-TOF700 efficiency matching efficiency is high
enough - 84.6%, while MC Id matching efficiency is 95.2%
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Drift Chambers coordinate reconstruction on a layer

times_for_plane_DC2_xa

= hSlot_2xa_time da -I— db — Smm e O
45000;— Entries 5143419 .
40000~ i — track
35000
= . sensitive W|res
30000;— T|me b plane
s J \ 0
200 distribution
20000
15000
10000;— / (o) - o e a plane
5000 resistive wires X
0 Y T el H Ll i
000500 300 400" "800 600 700 800 5001000
0mm —> i€— 5mm .

TO detector

time_cs_for_plane_DC2_xa

oo™ J— -
éim‘_ * 4 double coordinate planes: 2x; 2y, 2u, 2v;
5§ - « wire angles 0°,90°,+45°;
3000}~ Time integral e wire pitch 10 mm;
2000, B * Yout=+ 1.35m, Xout+ 1.35 m;
- * R hole=10cm;
1oL « 2048 wires per chamber.

L P I I S R L
500 550 600 650 700 750 ‘I\Dmm
Time, nsec




Drift Chambers Reconstruction & Performance

DC1

-
-
-
-
-
- =
-
-

* 4 double coordinate pl:
* wire angles 0°,90°,£45
e wire pitch 10 mm;

* Yout+ 1.35m, Xout +
* R hole=10cm;

e 2048 wires per chambe

()



Beam cut

(X,Y) local coord of a seg in dci

hlocxy1
Enlries 516842 |0
100 Mean x —34.89
ol Mean y 5444 [0
Std Dev x 40.97
SidDevy 3137 |p

50 8

300
250
0
200
3 150
—50 S
100
-100 50
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ﬂ
—100 —B0 0 50 100
(X,Y) local coord of a seg in dc2
hlocXY2
Enlries 634136
100 Mean x —42.23
T Pt e il MEEn y 5_30
StdDevx 4013
SidDevy 3238 5

50 18

150

—50 100

-100

Run 4706, B = 1250A, empty target

U,V) local coord of a seg in dci

hloeUWV1
Enlries 516242
Mean x 2B8.24
Meany  -2037
SidDevx 3557

SidDevy 3515
o

100

-50

-100

P S S T T R R R
—100 -50

~10cm X 10cm cuts

(U,V) local coord of a seg in dc2

hlocUV2
Enlries 634136
Mean x 3355
Meany  -25.08
Std Dev 355
SidDevy 36.02

DCH2

All incm !l



Residuals at edges

MC reco segs Data reco segs
dc1 xa mes - x_from_fit for hit at (0, 0.1) away from wire dc1 ya_mes - y_from_fit(w/o y in fit) for h't_at (0
i hResidx1a_0p1 = hResidy1a_0Op1
u — C Entries 2051
50 C Enlries 2637 20 C Mean ~0.004812
r Maan ~0.008438 » Std Dav 0.03085
- Sid Dev 0.03143 a5 *F 4 ndf 22347170
4o u Consiant 18.83 = (.63
~ *= i 83.05/ 87 :
- L L| | Mean -0.001471= 0.000402
C Canstant 38031 1.26 20— T Sigma 0.01597 = 0.00042
30— -
- Mean —0.000:3403 + 0.0006025 : | || I
s _ 15 ‘ | |
N Sigma 0.02074 + 0.00072 r | |
20f- . li |
C 10 |
10{— - “ ( |
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%3 00s 006 004 D02 0 002 004 006 008 01 1 -D.O8 006 D004 002 0 002 004 006 008 0.1
0.1) away from wire
dec1 xa_mes - x_from_fit for hit at (0.4, 0.5) away from wire
hResidx1a_0Opd_0pb dc1 ya_mes - y_from_fitjw/o y in fit) for hit at (0.4
30 Entries 1674 hResidy1a_0p4_0p5
N Mean —0.002085 C Entries 3825
C Std Dev 0.03798 50 Mean 0.009193
25— ¥2 { ndt 100.9/99 C Std Dev 0.02829
- Constant 17.35 + 0.68 a0 ¥ { ndi 291.4/165
sal- Mean —0.003727 + 0.001327 N Constant 2815+ 0.79
C Sigma 0.03467 + 0.00177 - Mean 0.00547 % 0.00033
B 30— Sigma 0.01387 + 0.00030
15 — C
10— C
5— L
E"ﬂ I i hllin e ] 1uin ull 1 | 1 1 I L1011 IIJl
LL Lol w1y L | W | %1 008 -0.06 0.04 002 0 002 004 0.06 0.08 0.1

| 1 | 1 i I | | . 1
-0.08 -0.06 -0.04 D02 O 002 004 006 008 041 ) ' '%_53 away from wire




DCH - GEM matching

MC tracks : data tracks
GEM(>= 5 hits) + DCH
thXLich1GemResid fhXDch1GemResid
g fhXDchiGemResid _ fhXDch1GemResid
i Entries 88122 180~
1000 |— L Entries 44527
B Mean -0.02807 ol
i 1401~ StdDev  5.274
Bo0 _— L
L 120 -
a00|— 100:—
200 —
-1I}I 1 I-IB 1 1 I_Iﬁ 1 1 I-|4 1 1 I_'I2 11 1 1') 1 11 é 11 1 4|. 1 1 1 ﬁl 11 1 BI 1 1 I1D 60__ I I I I | I I I I | I I I I | I I ) I |
cm —10 -5 i) 5 10
Arb B = 1250A -
_ roeam, empty target, =
Th¥DohiGemFesid fhYDch1GemResid
1800 fnYDch1GemResid - fhYDch1GemResid
1600 Entries 88122 asol- Entries 44527
1400 - Mean 0.258 ol Mean 02939
1200 F N StdDev  5.541
- Std Dev  5.071 -
1000 - 250:_
800 200
600 -
- 1580—
400 -
200 W 100F
: | | 1 1 | 1 1 1 1 | 1 1 1 1 :l 1 | 1 | | |
10 =5 1] 5 10 -10 -5 ] 5 10
cm cm

10K events 100K events




CSC - GEM matching

M k k
C tracks GEM(>= 5 hits) + CSC data tracks

fhXCscGemResid fhXCscGemResid
3500:— thCSCGemRESId N thXCscGemResid
: Entries 76805 - Enties 76156
30001 300~
C Mean -0.8141 . Mean  -0.5689
2500 C
L Std Dev 4.221 250~ StdDev 5279
2000F- C
: 200
1500 — B
1000}~ 150
500 N
C 100~
- 0. | | | |
%o 10 5 0 5 10
cm

Ar beam, empty target, B = 1250A

fhYCscGemResid fth¥CscGemResid

Y CscGamBAasid R
2000 Enlries 76805 £ fhYCscGemResid
C Mean 0.3024 C
1800F- SidDev 4768 450 Entries 76156
1600 400~ Mean 0.2751
1400~ a0l Std Dev 5.61
1200 C
E 300~
1000 E
s00F- 250
6001~ 200 f—
400 o
E 1500
200 -10 5 D 5 10
b | Ly |
-10 -5 0 5 10 cm cm

10K events 100K events




TOF700 - GEM matching

GEM(>= 5 hits) + CSC

MC tracks
data tracks
fhXTof2GemResid fhXTof2GemResid

- fhXTof2GemResid 2005 fhXTof2GemResid
12001 Entries 168577 i Entries 63781

i Mean 0.06321 180 Mean 0.5951
1000 — i

L St‘d DEV 4952 ﬁﬂ_ Std Dev h.522

L 1 — | |
800

: 140
500 I

- 12'3_—
490_— 1000
EDD—'_ L L L L | 1 L L L | L L 1 L | L L L L I _1ﬂ I I I I _|5 I I I I ﬂl

-10 5 0 5 10

Ar beam, empty target, B = 1250A



Notations

N GEM tracks (reconstructed MC gem tracks

gem trs

N ”Good” GEM tracks (those which pass cut seleg

good gem trs

Nach trs DHC tracks (reconstructed MC DCH1 tracks)
N, Al den tr GEM tracks with a least 1 DCH1 track
N, dcn tr ”Good” GEM tracks with a least 1 DCH1 track
N tched trs GEM tracks extrap. to DCH1 and
matched to DCH1 tracks
N

true matched trs

GEM tracks mathched to DCH1 tracks and ( 79 }



GEM-DCH matching on Run7 Ar data




