Beam, PID, and the Upstream tracking

Maria Patsyuk BM@ N

for the SRC Collaboration
5th BM@N Collaboration Meeting

April 20t 2020

4 & X
o= ey & ., .
@ 000
‘ La. bbbbbb .r‘.r for Nuclear TEL AVIV UNIVERSITY

20.04.2020 | BM@N Analysis Meeting | M. Patsyuk | 1



Focus of the first analysis - See the plenary talk

Quasi-Elastic Scattering in Inverse Kinematics /" fanbow

“C(p,2p)"'B  at4GeViclu

12C

Data collected in 2018
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Crucial technical aspects of the analysis °C(p,2p)"'B

1. Precise determination of the beam energy at the target and downstream:

- momentum of the struck nucleon before interaction = QE identification
- momentum of the residual ion

2. PID of the residual ion = identification of the QE reaction

3. Upstream tracking

4. Reconstruction of the proton arms

See today’s talk of Julian Kahlbow
5. Momentum of the residual ion

”Reconstruction of the proton arms”

See talk of Valerii Panin “Analysis of
fragments” later today
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Crucial technical aspects of the analysis °C(p,2p)"'B

1. Precise determination of the beam energy at the target and downstream:

- momentum of the struck nucleon before interaction = QE identification
- momentum of the residual ion

2. PID of the residual ion = identification of the QE reaction

3. Upstream tracking

Focus of my talk

4. Reconstruction of the proton arms
5. Momentum of the residual ion
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Beam momentum determination

The 12C beam momentum is measured inside the Nuclotron ring: 4 GeV/c/nucleon
with 0.5% precision

Transport channel: 30 m of air + 110 m of vacuum
Windows: 11 x 0.1 mm (steel) + 1 x 0.05 mm (titanium)
4 m of air inside the BM@N hall up to the target

Transport line bender magnets with 4+-1% tuning

Energy loss was defined
using Geant3 and
double checked in
LISE++, ATIMA,

~140 m calculations
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Several geometrical elements were added for more
precise simulation of energy loss in BmnRoot

- Windows of magnetic elements
- LH target

- BC counters

- Windows for the Si detectors

BC3 BC4

BC2

BC1
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Beam energy defined by BmnRoot simulation

3000 — beam up to the cave, mean = 47.747 GeV/c, sigma = 0.018 GeV/ 3500 — beam up to the cave, mean = 3.979 GeV/c/u, sigma = 0.002 GeV/c/u
- beam before the target, mean = 47.657 GeV/c, sigma = 0.023 Gel/c — —— beam before the target, mean = 3.971 GeV/c/u, sigma = 0.002 GeV/c{u
= beam right after the target, mean = 47.277 GeV/c, sigma = 0.033/GeV/c 3000 — beam right after the target, mean = 3.940 GeV/c/u, sigma = 0.003 Ge)¥/c/u
2500 — ’ : ’ = * ,
= beam at the entrance of SP41, mean = 47.055 GeV/c, sigma = 0039 GeV/c — — beam at the entrance of SP41, mean = 3.921 GeV/c/u, sigma = 0.003 (GeV/c/u
- beam at TOF700, mean = 46.776 GeV/c, sigma = 0.061 GeV/c 2500 — —— beam at TOF700, mean = 3.898 GeV/c/u, sigma = 0.005 GeV/c/u
2000 — =
- 2000 —
1500 — =
C 1500 —
1000 = 1000|—
500 — 500 —
L ‘ \_ Ny W %:\.\I...J.‘JL‘_ i - | S A/, N I Y
% 462 464 466 468 47 472 474 476 478 48 8 382 384 386 388 39 392 3 39 = 398 4

momentum [GeV/c] momentum per nucleon [GeV/c]

Not accounted for 0.5 % of momentum resolution inside the Nuclotron ring

Resulting beam momentum is consistent with the expected 1% uncertainty
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Courtesy of G. Johansson and T. Atovullaev
PID of the residual ion based on BC counters amplitudes

Outgoing charge for incoming carbon

Incoming charge

1600

ADC2

1400

1200

1000

800
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400 800 71000 1200 1400 1600 1800

ADC1

A set of runs selected for the analysis: two arms trigger
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Courtesy of G. Johansson and T. Atovullaev
Isotopes of Boron and Beryllium can be identified

Boron Isotopes Beryllium Isotopes
s 101 o)
8 8
S o5 o
9
8.5 E
8 -
7
65
%o 45 50 55 60 6 70 75 _ 80 &6
X genlcm] X genlcm]

P/Q=0.3*Int(Bdl)/(alpha_out - alpha_in)
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Counts

Courtesy of G. Johansson and T. Atovullaev
Separation of Boron and Beryllium isotopes

Boron isotope separation Beryllium isotope separation
C 8 C
- c -
N 3 800
- (&) _
2500(— =
r 700
2000 600 —
C 500 —
1500(— -
C 400—
1000:— 300:_
500:_ 200:—
C 100
07lll‘7.51IlI8Illla.sllllgllllg,sll 10 O_IIII][IlIIlIlIIlIIlIIIIlIIIIIIIIIIIIIIIIIIIIIIIII
P/Q[GeVic] 6 6.5 7 75 8 8.5 9 9.5 10 105 11
P/Q[GeV/c]

Isotopes are well separated, so that we can calculate ratios between them for the analysis
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Courtesy of V. Lenivenko

Tracking Upstream the analyzing magnet

Analyzing magnet

-858 -761 -364  -314

Silicon detectors
MWPC chambers
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MWPC
Pair0

\

Cho Chl  gge

-858 -761

|
ch2 | Si-3

364 ' 314
350

Courtesy of V. Lenivenko
Upstream track is constructed using Si and MWPC

Analyzing magnet
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Courtesy of V. Lenivenko

Two stages of Si-MWPC matching

MWPC
/ Pairl \

Si- 1 2 Ch2 Si-3

More tracks in Si than in MWPCs:
1. Match Si tracks + MWPC (Pair 1) tracks :I ' I: l

(min distance criterion)

2. Match remaining Si tracks + segments

in MWPC2,3
5 ez
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Courtesy of V. Lenivenko

Si-MWPC matching quality at Z=-290cm
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Residuals for Upstream tracks (Hit - Fit)

Courtesy of V. Lenivenko

Residuals X
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ResXst0 )

Silicon2

ResXst1

MWPC2

ResXst2

— ResXst0 ResXst1 - ResXst2
F Entries. 57504 Entries. 55803 4000 — Entries 57318
6000; T oo 5000 S s 35000 o "G
F £/ ndt 58.17/6 23/ ndf 27.14/6 £ 2/ ndt 1927/8
5000 = e 40001 o e S000E o e
| | Sigma 0.00177 + 0.00002 | r Sigma 0.002074 + 0.000024 2500; Sigma 0.04634 + 0.00066
4000¢ 30001 E
E 2000
3000 E 0
E 20001 — 1500
20 @F =1 m g = um To00. g 46 mm
1000 1000- 500,
£ L yatll L L L L C L L L L E 1 1 L
B03"002 001 0 o001 002 003  -803 002 .01 0 001 002 003 $5020302010 01020304 05
Hit-Fit[cm] Hit-Fit[cm] Hit-Fit[cm]
R 1 I Y
ResYst0 ResYsti I@
ResYst0 ResYstl ResYst2
C Entries 55483 F I i &b
3000 Mean ocoa0ss 2500} oo 3000 soones
£ Std Dov 01178 F poni o s1aw 008274
2500 ¥/ ndt 20.19/15 C 22 /ndt T 2500 22/ ndt 528/15
£ Constant st0+212 2000 Gy 2515+ 185 Constant 2076 +203
E Mean 0002607 0000512 E Mean 0002063 0000639 2000 O orsts  noonio
2000 sigma 0.07497 + 0.00068 E sigma 00839 +0.0009 —T1
F 1500
1500¢ i 1500
: 1000 -
: F 1000 =
1000~ mm /) 8 mm g
500 500 500
£ | . i a I I I
%% 04 02 0 02 04 06 %% 0a 02 0 02 04 06 -04-03-02-01 0 01 02 23 o4
Hit-Fit[cm] Hit-Fit[cm] it-Fitfcm]

Silicon3

ResXst3

ResXst3
Enires B
10000 Moan 00002208
stdDev 0004520
8000 R e
r Mean  -00001401 : 00000063
[ Sioma 0001103 - 0.000008
6000
4000 a- — 1 u m
2000
Lt

L
0.02 0.03
Hit-Fit[cm]

803 =002 001 0 001

3500
3000
2500
2000
1500
1000

500,

E Entries 56062
E Mean 000222
E Std Dev 0.1154
= 2 nat 1589/10
E Constant 3593 +26.5
E Mean 001022 £000039
£ Sigma__0.04544 + 000056

1201l
-0.5-0.4-0.3-0.2-0.1 0

1
0.10.2 0304 05
Hit-Fitfcm]

[ResYst3 |
F ResYst3 ResYst4 —
2000 -] T
1800 A
1600 Constant 2017 £139 3500; :‘:: . 0
1400 hon oo oseene | 3000 Mean  o00osers - 00001sss
1200 25005 sigma 001663 - 0.00020
1000 2000 |
oo g =1.36Mm s 0 = mm
400 1000;
200 500
Eovo | n PRI SR R - n= L I I L
-06 04 02 0 02 .4 0.6  -0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2
Hit-Fit[cm] Hit-Fit[cm]

20.04.2020 | BM@N Analysis Meeting | M. Patsyuk | 15



Pics to be changed by Vasilisa Courtesy of V. Lenivenko

EffiCiency (they are correct, but X axis is not
labeled properly)
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Runs from the list of good runs chosen for the analysis
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Pics to be changed by Vasilisa Courtesy of V. Lenivenko
Efficiency (they are correct, but X axis is not
labeled properly)
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Runs from the list of good runs chosen for the analysis
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Conclusions

Beam momentum loss around 21 MeV/c/nucleon, which is 253 MeV/c for C ion was
obtained by BmnRoot and is consistent with other estimations

Realistic beam momentum before and after the target as well as before and after the
analyzing magnet was obtained as well

PID: good separation of B and Be isotopes using the amplitudes of BC counters

Tracking before the analyzing magnet was done in Si, MWPC, and using combination
of these detector systems. The fraction of events with a track in Si or MWPC is around

97%, and the fraction of events with a combined track or Si is around 80%
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Backups
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, empty target | Cin eam protile at Z middle =

B AxPCtr0 ] — (PCO+PC1)/2
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12.03.2020 | BM@N Analysis Meeting | J. Kahlbow | 21



MWPC-Track (Pairl) Parameters downstream the target
m
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PairO — Pairl matchipg; Run 3430
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N

PairQO — Si matching; Run 3430 (empty target); CinCoutcut . o
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All MWPC & SiDet are aligned correspondently the magnet: all means =0
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PairQ — Upstream matching; Run 3430 (empty target); CinCoutcut
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Angles matchl NE, Run 3430 (empty target); CinCoutcut
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50 0TE 0 010,005 0 0'008 0.0T 0015 002 B970075.0.0-0.005 0 0.005 0070015 002 ~—0.020.015-0.01-0.005 0 0.005 0.01 °-°1[5rag-]°2
[rad] [rad]
2400F o YpeD-pet 1800 GAVpe0. S 2200F e g
2200 E I- ;r;::s o.oozsza;l: B Jh] ;2::,es ,o_ooﬁiggﬂ 2000 f !l Mean 1.34e-05
2000E MRy’ Std Dev 0.00333 1600; 'f ‘\‘ Std Dev 0.005385 | 480 ( ‘ ;:c::;v :1120137221
18000 - ° S g | 1400 dtgY [ onatant | 1g00f  dt8Y || constam 200 2158
1600 Mean 0.0001032 + 0.0000109 1200F Mean _8.677e-05 + 1.720e-05 E l| M_Eﬁn 6.403e-05 £9.012e-06
1400E sigma 0.001684 +0.000013 - f \ Sigma 0.002283 + noooszs | 1400F k sigma 0.001332 + 0.000010
E | 1003; 1200F
1000 F 800| y’r ‘1,1 1000} ‘f Hﬂ
ggg? { 1} o0=17mrad 600¢ s y 0=2.3 mrad 600" [} o=13mrad
200¢ / 2000 e 200¢ s s
S, T . S L — W I I ] - - - ) - b L L1 o— L ol
-8.0270.0150.01-0.005 0 0.005 0.01 0-01[5rag-]°2 802-0.015-0.01-0.005 0 0.005 0.01 0.01[5 2.102 §02-0.015-0.01-0.005 0 0.005 0.01 0.01[5 g.]oz
ra ra

All MWPC & SiDet are aligned correspondently the magnet: all means =0
Pair0-Upstream Difference is the best but statistics is lower
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Improved Track Reconstruction in MWPCs
|

Pair0 Pairl
Chamber0 | C ri Chamber2  Chamber 3
. Target — —
\ | | 1
1 e —— S
- ) [\ = \ ) \ )
l
1. Track-segment = reconstructed straight track in one chamber 18000F
160000 L f poi
2. Track-segment formed using 14000} Number of points pe
- track-segment
6/6 points per segment 12000
8000F
4/6 6000F
XUV XoUoVs 4000}
. . 2000F 4 6
3. Reconstruct & fit track-segment in each chamber 03
4. Extrapolate segments to Zy ;= (Z1+Z2)/2 & select best pairs by y? criteria, 35 4 43 BmsnMW%fSegﬁ,enffﬁhitZ

angles are not taken into account
5. MWPC track in Pair0O and Pairl
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Track Reconstruction in Silicon Detector

1. X and X’ (2.5°) neighboring fired strips — cluster center CoG = Z):NA;:E , Ai—charge amplitude on i~th strip
2. Track Reconstruction USiNg various cases
=Case 1: 6 hits (3 spatial points) per track *
% - Xhit
Y - X hit
=Case 2: 1 spatial pointinst. 1and 3 + X/ X' in st.2
=Case 3: 1 spatial pointinst. 1Tand 2 + X/ X' in st. 3 * T
=Case 4: (X+ X)in (st. 1 +st. 2) + spatial point in st. 3 # # 7000-
s000- Number of points per
5000 Si-track
. . . . . x'-x 4000;
3. Straight line fit on X & X’ — coordinates, rough Y — coordinate: Y = - F
tg25 3000
2000"
Accepted track goes out from the target area 1000k ~
r +

G352 45 5 55 6 65 7
BmnSiliconTrack.fNhits
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—

Efficiency, %

MWPC Track Efficiency with lon cuts
Efficiency per Run Ntracks(pair0) / Ntracks(pair1) Efficiency per Run Ntracks(pair1)/ Ntracks(pair0)

00 R100

- 3 951

o GCJ

: S 0reR F1 ‘

= 801

= 75F
70 ;_ — Oin Oout 70E— Oin Oout
653_—Nin Nout |i . ... i ihilill 65— Nin Nout :

-|— Cin Cout A - A A | : . — Cin Cout A : : : A :
603350 3360 3370 3380 3390 3400 3410 3420 3430 603350 3360 3370 3380 3390 3400 3410 3420 3430

No runs

Systematically Efficiency C out > N out > O out
“Or” Trigger Efficiency is higher, than “&” Trigger Efficiency

Difference is not so far

No runs
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w

%

Efficiency,

MWPC Track Efficiency with lon cuts

Efficiency per Run Ntracks(pair0) / Ntracks(pair1) Efficiency per Run Ntracks(pair1)/ Ntracks(pair0)
qo0 e ] 0\01 00 :_ .............................................
= [
Q 90r
95 g !
= 80¢
TRaaL
90: 705
85_ _ Sin bout ................ ............. .............. 44444444444444 60:__Cmcout : ‘
" |— cin Beout | ”|— Cin Beout |
soll—cinBout | ...l S0F| —cingout |
" |— Cin Liout |: : f f f f |~ Cin Liout |
~|— cin Heout 5 : 5 : : 40___ Cin Heout ................. ................. ................ ................. ................. ........
i i i i i i T I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11
753350 3360 3370 3380 3390 3400 3410 3420 3430 3350 3360 3370 3380 3390 3400 3410 3420 3430
No runs No runs
Difference is not so far Efficiency increases from He to C

Some particularity for Be (trigger conditions),
see below
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MWPC average Efficiency for lons

Y%
—
o
S

Efficiency,
O
o

80

70

60 ---------------- o Ntracks(pair0) / Ntracks(pair1)

\ 4 Ntracks(pair1) / Ntracks(pair0)

| | | | | |
50 He Li B Be C N O

lons
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o
o

Efficiency, %

Track Efficiency
ﬂ

Efficiency per Run: Cin Cout

O
9]

(o]
o

(00}
O

80 Ntracks(pairO)/Ntracks(pair1) 44444444444444444 ................. ........

Ntracks(pair1) / Ntracks(pair0)

||||||||||||||||||||||||||||||||||||||||||||
753350 3360 3370 3380 3390 3400 3410 3420 3430

No runs

Efficiency pairl/pair0 > pair0/pairl
“Or” Trigger Efficiency is higher, than “&” Trigger Efficiency

%

Efficiency,

80—

755

L ’”0 ....... .. . ......... ¢ ..... + ....... |+ ....... @o
TR Bieet b RIAATAC NI

BB

Efficiency per Run Ntracks(pair0) / Ntracks(pair1) & N(Si + PC‘tracks

0100 _ ................ ................ ................ ................ ................ ................ .......

QB[

3350 3360 3370 3380 3390 3400 3410 3420 3430
No runs

Efficiency with Si conditions is consistent
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GemTracks extrapolated to Z = -350 (run 3430; empty target)

| dX(UpstramTrack - GemTrack) Z=-350cm |

= xmin_Up_gem
2000F " Entries 24041
F Mean -0.2626
1800 F Std Dev 1.43
1600} ¥21 ndf 16.68/6
1400F Constant 2015 +24.0
1200F X Mean  —0.04612 +0.00921
1000 E r‘ Sigma 0.7112 £ 0.0142
800 U
600F i) l 0=0.71cn
400F 1
200F !
0086 4 2 0 2 4 6 8 10
[cm]
| dAx(UpstramTrack - GemTrack) |
Axmin_Up_gem
s 1 Entries 24041
2500y St Dev e
C dtgx 2/ ndf 146.2/6
" H Constant 2575 + 28.8
2000 - Mean 0.0001178 + 0.0000108
- Sigma 0.001052 + 0.000013
1500 r" L
Jo0o] o=1.1mrad
500( ,.:"Jﬁ H-"H‘m
8o

2-0.015 -0.01-0.005 0 0.005 0.01 0.015 0.02

[rad]

| dY(UpstramTrack - GemTrack) Z=-350cm |

ymin_Up_gem
1800F ‘ Entries 24041
= ] Mean 0.2969
1600 d Y .1' Std Dev 1.275
- / ndf L
1400F o 1813 £ 173
1200f Sigma 00671 +0.0000
1000( .! l
800F
600F } | 0 =0.97
400F IJJ cn
200} L
086 4 2 0 2 4 6 8 10
[cm]
| dAy(UpstramTrack - GemTrack) |
= Aymin_Up_gem
- Entries 24041
2500 C a ﬂ Mean 0.0002867
» Std Dev 0.002616
r d gy %2/ ndf 451/7
- Constant 2647 £27.4
2000 Mean 0.000191 + 0.000011
- Sigma  0.001174 + 0.000013
15001
1000% Lll o=1.2 mrad
500"
: ____,,.a"rlr LL"‘-

.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02

[rad]
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Multi Wire Proportional Chambers
] w\o . 5

Particle*,
\
) U+

Anode wires \

Each MWPC has 6: x + 3y
two X, two U and two V-planes U=—7—,
with wire angles 0°,460°. x — 3y
Wire pitchisd = 2.5 mm. V= —

Coordinate resolution is ‘1‘/¢ﬁ =0.72 mm.
This point should satisfy the

following condition:

The intersection of these planes is a working area. V+U-X=0 34
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Silicon Tracking detector

Double-Sided Silicon Detectors
(BSSD) dinate si strip detector

Capability of stable operation in conditions of high loadings
up to 108 Hz/cm?2

Response time is 10-15 ns

Coordinate resolution ~ 50 pm

Pitch =95um

= 300um

= J
Pitch = 103um

640 X strips with 0°

640 X' strips with 2.5

The pitch of X strips : 95 ym

The pitch of X' strips :103 um.
Thickness of detectors is 300 um

The contribution to the collected charge value is given  Full sensitive size of 12 x 12 cm? Full sensitive size of 25 x 25 cm?
by both electron and hole flow.
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l

1
| 1 | | I | | I | I 1 1 | | I | | I | I 1 1 | | I | | | | I | | | | I 1 | |
Q30 190 200 210 220 230 240 250
Run number
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Run number
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N events MWPCpO & p1 /N events MWPCp0

Efficiency

— Cout
— Bout

611¢

ber

vo1e

L60€

L80E

Run nu

6L0€

cLOE

990¢

090€

£C0¢

(10113

6L6C

6967

14074

14474

(4%.Y4

976¢C
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% ‘Aouaiony)g
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Compare MonteCarlo to Exp. Data for different SN

Efficiency = N events MWPCp0 & Si /N events MWPCp0

ot

0\0100:_

5 95-

c -
EEw
O -

- 85—

LLl

— |— Cout
65:—Bout
60‘|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
o [o\] s < (=) (=) (—] e = o o =) >~ o~ oy =)\
o en < u o >~ o (o] \& \& >~ |y >} (=) (=1 -
(=) D (=) (=2} (=) =) (= (= (=4 (=4 = (= (=4 (—J — Y
N [g\ [g\] [g\ [\ [\ en en en en en en en en en

Run number
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Physics Question:
Holds Constituent Counting Rule in low-Energy "QCD " ?

.scaling do/dt ~ SN f(t/s) for 90° pp elastic scattering, with N=10

.Does it hold in nuclei (for non-QCD degrees of freedom) at “small“ momenta?

.anti-parallel momenta result in small S, lead to shift and u -e in Pﬂiss’ZO
.compare to p,2p MonteCarlo with scaling like 120 D

for different N

.(accli_‘z ~ SN (1 - cos? (06m>>—4’y,
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S Scaling:  MC vs. Experiment

Finding minimum N

a P

miss,Z
‘chisq.dat’ using 1:2  + I ‘chisg.dat’ usilng 14+
' fix) flx)
400 _._.. isq.dat usu‘vg&le o N 350 o
350 .
N=10.5+0.8 N=9.6x0.8 ’
300 - ]
p? 250 -
250 1
\ 200
"
200 -
150 [ +
150
100 -
100
+
*
L *
sl . i 50 o
+ e
., i . +—+
0 1 1 | 1 1 0 1 1 1 1 1
&

Quadratic fit in limited range N[6,14]
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Summary: “C(p,2p)""'B

We are able to:

.Select incoming beam and outgoing fragment in inverse kinematics
.Reconstruct reaction vertex with arm detectors

.Select protons (reject pions) under large scattering angle

.Determine missing momentum in QE scattering process

.Show S scaling in 2C
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Next Steps

Initiated a task force to eventually combine all sub-systems into one analysis:

.Proton arm analysis and fragment momentum

.S scaling
.QEonNand O

SRC channels

.Fragment production and simulations
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Missing Momentum "B vs. '°B

12C(p,2p)""B 12C(p,2pX)'°B

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 801
|:>mi:~‘.s (MeV/c) P (MeV/

miss
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Boron Separation

p O.3f Bdl

q  SINQuyut — SIN Oy,

Boron P/Q isotope separation w/ Dch+Mwpc/Si

6000

Counts

5000

4000

3000

2000

1000

DchSiOrMwpcPQBoron
Entries 169351
Mean 8.45

Std Dev 0.46

~J

8.5

9

9.5

10
P/Q[GeV/c]
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Scaling

L Pmiss, X

Pmiss
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Scaling

B Entries 4917359
0-1__ TITT+ Mean 64.37

B + Std Dev 1.944
- +1 ||+
0.08— T,
- +
0.06/— - T
I +
0.04—
: +
i +
0.02— }_
- i
ST il
0 | | L_-

Lo L 0 |+LM+| R
KRR AN RR 7n
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