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- Proposed beam dump experiment at BDF at CERN

- SPS beam at 400 GeV, 2 x 10%° protons on target

- Search new physics in hidden sector

- Sensitivity depends on number of produced
charmed hadrons

»
Particle ID
Decay spectrometer

- Secondary charm decays dominate by factor 2

- Need measurement of charm cross section in thick i,
target

neutrino detector

Target and
hadron absorber

- Including angular and energy spectrum
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400 GeV protons

Digalitic
Tubes

5 sub systems Goliath SciFi l_l Muon Filter
” IRIETC
Emulsion with density limit —\ \

-> Moving target

Pixel detector

- High timing and spatial
resolution

Test run to integrate

detectors and develop
reconstruction tools
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l'suecm TARGET REPLICA Y |
- Simulation of charmed
hadroproduction for full SHiP target I
1
— First 2 interaction lengths cover 80% f%cwh |
of primary and 52% of cascade e e I
production
- Target replica most effective in first Charm 1 Charm 2 Charm 3 Charm 4
InteraCtlon |ength 28:11Lead 28 mm lead 28 mm lead 56mm lead 56 mm lead

. =1 =il =0l -l
- 6 configurations: 0.16 - 1.6

interaction lengths

Charm 5 Charm 6

- 29 or 57 active layers in last

segment od | B
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plastic base 1mm
— Nuclear emulsions similar to OPERA experiment \ T Tungsten plate
- Active : 2 x 70 um, thickness: 315 ym e

emulsion layer el
e
— Scanned surface: 11 x 9 cm? \ ---------------------
- 29 films in one brick, forming emulsion cloud
chamber

emulsion film

— Permanent 3D tracks Holle 70um a1sum o

70 um —»iie "’

- no time information

- Tracks reconstructed by INFN Nap0|| lead target emulsion brick pixel telescope

Beam

— 3 um resolution
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— 12 ATLAS IBL modules, 250 x 50 pm? pixel
pitch

- 650k channels

- 33.6 x 40 mm? active area per plane
- 6 planes, pairwise orthogonal to each other

- x/y resolution is similar

- Tracker length ca. 14 cm

- Distance 1% plane <-> emulsion detector 1.8 y
cm z b
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- Acceptance of 200 mrad, large area needed
- Scintillating fiber in center for high occupancy

- 8 planes, 4 straight and 4 stereo planes at 2.5°

- 36 x 40 cm? active area per plane
- 270 um fiber pitch

- Drift Tube detector for outer low occupancy region
- 160 x 50 cm? modules, 2 layers

- 36 mm tubes, 300um resolution
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Limit occupancy to 3000 / mm?

5 spills on one brick

2 cm step size in y in between spills

2.6 cm/s in x during spill

- 14 cm/spill in total

Video : A. Di Crescenzo, Universita e INFN, Napoli
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- Limit occupancy to 3000 / mm?

- 5 spills on one brick
- 2 cm step size iny in between spills
- 2.6 cm/s in x during spill

- 14 cm/spill in total

- Match with timestamped tracks from pixel
detector

923
830
738
646
554
462
369
277
185
93

03/06/2021 CHARM 2020 - owtscharenko@hep.physik.uni-siegen.de



UNIVERSITAT
SIEGEN

- High density environment, up to 35000 tracks/cm?

CH1R2
1400, z
— Employ BDT based on - CHARMI1-RUN2 | Zloree®
1200— —— hadrons
HH 1000/— ﬂ
- Vertex probability S -
800
- Angular distance within vertex soof
400
- _ CH6R1
Impact parameter “ CHARMG6-RUN1 | all vertices
. = — protons
- Fill factor of tracks T e w e e _Eadmns
. . . . . 300; _DATA
- Fraction for secondary interaction from 11% to 59% for high material ™}
bUdget 200:
100;
0‘ ‘10 ‘A‘ZOH ‘30 40 501A1‘60‘11‘70
multiplicity
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- Prove capability of reconstruction and BDT =
classification o | s

- Data from 6 different target configurations

- Primaries : exponential

- Secondaries: 2nd order polynomial

- 58% primary and 42% secondary interaction

150

o 50 100 200 250 300 350
CHARM1  CHARM2 CHARM3 CHARM4 CHARM5 CHARM6

t t t
b, } }; bhoty, bogpp bt Pyt
oy Ty bobbptt | tl by pot } bty

- Proton interaction length A = (18222) mm

(Data - MC)/o

chhbbonsom

e

50 100 150 200 250 300 350
vz [mm]

o

Ahdida et al., CERN-SHiP-NOTE-2020-002
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Track position on first pixel layer

- 1223
25000 5 _=_ 1100
~ Different rest frame o] ! oo
£ 734
— Reconstruction limit at 200 mrad £ 0 2;;
1 367
- 24% of protons interact 245
0.10 . . =29 - 123
6 in rad 1
5000 1 [ ECC z extent
— Avg 33 tracks per event B vertex z : 142238 entries
4000 A
- 2-track vertices reconstructed in 2000 |
target
2000 1
1000 A

0 - T T T T
-10.0 -7.5 =50 =25 0.0 2.5 5.0 7.5 10.0
vertex z [cm]
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- Selection:

select emulsion
events

Y

- Min. 6 tracks per emulsion vertex

transform pixel tracks to

- i new spill .
Tracks must leave emulsion detector pill_| emulsion restframe
— Track must not leave spectrometer )
4 fit alignment
- 6<200 mrad parameters
Y
X2 converged —<—| calc. total 32 | y
- Newton-Raphson alignment independent per spill Y
: : . o calc. new
- Simultaneous iterative optimization of 8 parameters
parameters
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- 72% of selected emulsion tracks matched 1
N N N N 2 A
- Distinct spill structure found in matched track
distribution o2 —
- Uniform residual distribution Gouss fit
A=582.6+57
— p=-1.92%0.45um
J— 1 — 4 0=39.78 £0.45 pm
- res= xj,pix - xj,emu fOf'j - (Xryfexveyz) 000 X2/ndf = 7.368 g
500 4 data
matching resolutions
400 A
Oy 40 pm
300 A
oy 72 um
200 4
Ooyz 3.5 mrad
100 A
Obyz 3 mrad
giOO -150 -100 -50 0 50 100 150

A xin um
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—— emulsion track

---- matched pixel track
emulsion plane
pixel hit

N 6.5
25 =70
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Successful operation of pixel tracker and emulsion system

Vertex reconstruction in the emulsion target

Successful matching of pixel and emulsion tracks

- Resolutions of 40 um, 72 um, 3.5 mrad and 3 mrad in x, y, 6,, and 6,,

Estimate for mean free path length of protons in target

Perform measurement in long run after LS2
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- Experimental cross section from NA27, closest to SHiP configuration o
\_;1047 [ ALICE extr. unc“ ’ﬁ’x -
. . O | —©— ATLAS (iotal unc)) Lt E
- Expect large NLO contribution 0 omusen 4
L “* STAR /’
A PHENIX ,—'
- No data on angular and energy spectra 100 Mo * .
- Inclusive cc does not account for cascade production ol T e
02? W Ees3pAl
E Vv E?qa:pA:
[ ¥ NA27 (pA)
4 NA16 (pA)
105* ¢ O Ev69 (pA) E
ool S ol vl
exp NA27 thNLO (mc=1.3) th NLO (mc=1.5) th NLO (mc =1.8) 0 o 7 s (Gev)

olub] 18.1+1.7 24.3+801 10.1+2%° 3.121%5¢




" UNIVERSITAT  ATLAS PIXEL DOUBLE CHIP MODULES

- FE-14B read out chip

- 250 x 50 um pixels
- 80 x 336 pixel/FE

— One sensor bump bonded to 2 FE

W ST TR TR o oy A A e A e -

Timing resolution of 25 ns !@ ” "“TE‘TT?&E ﬁ “"’“"@?E‘iﬂ??'??.ﬂ.i
' [ :

Flex on top for connectivity

- Power, commands, data out, sensor HV

— 500 pm material budget T e
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Cycle 522311445 Event 1

Cycle 522311445 Event 2

Cycle 522311445 Event 43
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~ Alignment parameters: @ = (X0, Yo, Zo, Oxz Oz Oxy» Vx» Vy)
2 2Ty —1 2
= Xtrack =7 V1
~ Residual vector : ¥ = XP'* — x¢™ = (Ax, Ay, Ab,,, AO,,,)

— Covariance matrix : V = ypPix 4 pyemu

arT _ 1,
V17

o o dy?
— Minimization criterion: 0 = 2 = 2 Zj o

da
B dZX dXZ
-a=a-(GE) | (6

xo

do
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- 2 planes for track seed

For each hit pair in seed planes: ]

|
l 20, :
— Build volume of 2 o around hit in last seed plane -—--—---"‘!""“/‘T .
| —_—— » |
_ I A |I ’ I
- Project cylinder to first seed plane : ,//’/' r 7 20,
// » s | /7 |
— Take hits closest to track projectiononall ~ --=====-+ i o W thainit '
7
other planes : : /,:/ ¢, 7 /,/ )
_ _ ) I L 7 4 ’ I
- Fit track, cut on fit quality x2/ndf < 5 : /:’ e R et :
- / 4
1 // [ [ ‘——_ |
I e 20V /// //:-
| 2 :/
i " 20, : yti,z
I P I
: |
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- Max euclidian distance 50 um

2000 1 1 ECC z extent
— Track seeds in plane 5and 11 BN vertex z : 142238 entries
4000 A
- Allow hit sharing on plane 1
) ) 3000 A
- Vertices clearly in target
. 2000 -+
- No vertex possible on seed planes
1000 A
O_ T T T

-10.0 -7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0
vertex z [cm]
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- Signal : interaction vertex

- Background : random association of low-momentum tracks / EM showers

TMVA overtraining check for classifier: BDT ® E
o« n MVA, 1.2 “15_
B 5[ Gpraltostsanpia) ' T | | @ Signai Traming sarepie) * ] - - ,
Z Background (test sample) | | * Background (training sample) ] B ooF-
:’: 25 EKoImogol?v-SMimov test: signal (background) probability = 0.142 (0.265) _: - o.sf—
= ] L E
~ - - 0.7~
] 0.8— £
2 H2 - 0.6
19 = [
al :. - 05
15 —< 0.6t Fd
s | l ....... — 046,81 | | | L | |
e i L 3 TP 001002 003 0.04 0.05 006 007 0.08 009 0.1
12 L
1 —s ¢
Hg 0.4] 2
Ja Hi —e— signal efficiency
0.5 @ s
5 0.2 —a— background rejection
: S H
o L Y S H
-08 -06 -04 -02 O 02 04 06 P A R IR ISR I U IO
0 005 01 015 02 025 03 035 04

BDT response

Rsel

Ahdida et al., CERN-SHiP-NOTE-2020-002
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# of tracklets in track

- Fill factor (per track):
# of planes downstream 3 «fOOS § . S

g H

- Mean and maximum Impact parameter z g :

- Vertex prob. from vertex fit

WO-Bow (S,8): 0.0, 0.0% / {0.0, 0.07%
WO Bow (S,8): 0.0, 0.07% / {0.0, 0.01%

J 02 04 06 08 1 0204 06 0B 1 12 14 16 1B U 0.05 01 015 02 0.25
- Aperture: angular distance between tracks by e Filver
.
In vertex § O | S St W

0.015
0.06

o 004

0.02

aalaaalaaalaaal laaal Liaal

WO mow (S,8): (0.0, .07% 1 {0.0, 0.07%

P FeTY e |
WO-ow (S,8): (0.0, .07% 1 {0.1, 0.07%

0.005

0

20 40 60 80 100 120 140 160 180 e 5 10 15 20 25 30 35 40 45
max|P meanlP

WO-mow (5,8): 0.0, 8.8)% 1 {0.0, 0.07%
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