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Relativistic Heavy lon Collider

BROOKHIAEN E—
NATIONAL LABORATORY PR oo Tt

12:00 o’clock AnDy >

10:00-0*clock RHIC

M p+1p, p+Al, p+Au, d+Au, He3+Au, Cu+Cu,
Cu+Au, Au+Au, U+U

9,2 — 200 GeV (500 GeV pro protony)

STAR, PHENIX — QGP, QCD fazovy diagram hmoty,
spin protonu

P
P
P

STAR detektor
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STAR Detektor

Time Projection Chamber: | Time Of Flight: Barrel ElectroMagnetic
Tracking, PID (dE/dx) = PID (1/R) Calorimeter
.' b |

— e U re——f

=

Muon Telescope §

Detector (2014):
Muon tracking

Heavy Flavor Tracker (2014):
¢ PiXelL

¢ Intermediate Silicon Tracker

e Silicon Strip Detector
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Heavy Flavor Tracker

® Protons
e Kaons

® Pions

R(cm) _ .4 Tracking inwards l c=~1mm
graded resolution:
SSD r=22

: 20 / — —
/ l o = ~300 um _S.
T //' AN 0P o —e—
PXL r,=8 + 10 v | o=-250um \ < I e e
/ \ \ / a | ——o— % o
. .j‘ \ | o
r,=28 2 l ¢ =<30 um l i

10'3 L L L | L L L | L L L ‘ L L L | L L L ‘ L ] L
0.2 0.4 0.6 0.8 1 1.2 14

p [GeVic]

DCA rozliseni (m.gimko, am15)

DCA — Distance of closest approach

Se vSemi vrstvami detektoru DCA rozliseni je lepSi nez 30 um
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HFT Motivace

 HFT se pouziva ke studiu ¢astic obsahujici tézky
kvark mérenim rozpadovych vrchol

D% ct=120 um
NS ct=60 pum
B mesony ct = 500 um

‘ Primary Vertex
DO -> Kmt* Rozpad of D°
Di _> K$T[i T[i (STAR HFT TDR)

+ S
NS->pKTt
B->J/PX
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Counts

Prvni vysledky s HFT
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Kombinatorické pozadi potlaceno o 4 rady
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Porovnani R,, mezi piony a D
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Pictures from: Hejtmanek,

Diploma Thesis

electronics elecironies 7 electronics

Vyhoda monoliticky aktivnich pixelovych senzoru

|
Prvni MAPS pouzity v ¢asticovych experimentech
Prvni 2 vrstvy HFT jsou MAPS PXL
Monoliticky — 1 vrstva kfemiku vs Hybrid — vice spojenych vrstev
+ mensi, méné objemu, kapacity a Sumu
+ Lze méfrit vétsi hustotu ¢astic —> blize interakénimu bodu .,‘r
- Zapotrebi raznych vlastnosti kiemiku pro detektor a elektroniku *
- Nizsi radia¢ni odolnost Diftize elektroni
va-dlﬁmhn . _ _ n-diffusion
| .5; iE. | E; ! | detector n-substrate burap boned
I!-,x - - ’,-; :'., | ;f: pesubstrag p-iimplant p-iimplant p-lmp lant p-limp lant
} r—woell Y v ll
) =4

electronics electronics electronics electronics
pecollection electrode electronics substrate
Rez monolitickym aktivnim pixelovym senzorem Rez hybridnim pixelovym senzorem

Sbér naboje:
*MAPS: Diflize ndboje k elektrodé
*Hybrid: Drift naboje k nejblizsi kulicce a transfer na elektroniku
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Pixelovy simulator

¢ DIGitizer t00| for IVIAPS (A. Besson, Strasbourg)

* Pomaly simulator pro MAPS pixelovy senzor

— Vstupni parametry, napr. roztec, ionizacni energie,
tloustka epitaxialni vrstvy, ADC prah

* Vyuziti

— Schopnost popsat odezvu detektoru vcetné Ssumu
na urovni jednotlivych pixelu

— Poskytnuti simulaci potrebnych pro urceni
efektivity detektoru
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Princip simulace

Generace castice

e Uhlova zavislost

Predani energie — generace
naboje
* Landau zdkon (MPV = 80 e-/um)

Transport naboje k N-well
diodam

4

Tomizing Particle
* Aproximace Lorentzian + Gaus
s v s s ’ A. Besson, DIGMAPS: a standalone tool to study
N U |OV€ pot I a Ce n | a S h | u kova n | digitization an overview of a digitizer strategy for

CMOS/MAPS sensors

» Separace zasah(
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Testovani na kosmickych datech

24.6.2016

= 03 +
% N Simulation: ADC = 6.2 mV, angle =5 deg
2
2025 ®
© L Data: 0 deg <= angle < 10 deg
5 B
e F —$—
z 02— ——

015 STAR Preliminary

= —
01—
0.05 M
0 B 1 | 1 1 1 | 1 1 1 | 1 1 1 1
2 4 6 10 12 14
Cluster size [-]

Miroslav Simko (STAR), Vertex 2014

Simulator byl vyladén na kosmickych datech na detektoru STAR I
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Testovani na datech s nizkou luminozitou

* DIGMAPS simulator je vyladén na minimalné ionizujici
castice

e Testovani, zda-li je pouzitelny i na ostatni druhy castic
— Pokud ano, pridani DIGMAPSu do STAR softwaru

e Jak to udélame?

— Pouzijeme Au+Au surova data o nizké luminozité
— Zrekonstruujeme drahy

— Porovname velikost shlukt v HFT

* VétsSina z nich budou falesné zasahy o velikosti shluku 1-2

* Aplikujeme selekéni kritéria pro potlaceni faleSnych zasahd,
oCekavana velikost shlukl je 3-4

* Porovnani s vystupem z DIGMAPS
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Selekcni kritéria

2014, Au+Au 200 GeV, nizkd luminozita

PXL a IST bylo pouZito v sledovani drah F e
Pozadovan pfesné jeden zasah v kazdé m sasaimony |
vrstvé HFT st
Identifikace ¢astic pro protony (2o v TPC), :
kaony (2o v TPC) a piony (10 v TPC) MM \ e
Selekéni kritéria aplikovana na drahy T e
* Alespofi jeden shluk v IST 20-3irokém =
okné (4 x 1 mm?) ot —
* Presné 1 shluk ve vnitfnim PXL v 20- m
Sirokém okné (6 x 6 um?) ~F
* Presnél 8jSi - st
i BEAS

* Pouze primarni drahy
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Shluky s identifikaci castic

Cluster size: data and DIGMAPS comparison

—_— Ratio DIGMAPS/data
e — Cuts: = a0
[ — z 18 _
- At least 1 cluster in dx1 mm IST window 3 :E —_—
% 0 30 __ Exactly 1 cluster in 6x6 mm inner PXL layer window :20 —
E‘ — Exactly 1 cluster in 8x8 mm louter PXL layer window g;g I
E B Primary Tracks only od
© po5— — 005y i 4 3 10 i %
o | STAR Preliminary Ratlo DIGI\)IAPSFPTO’[OIIS Cluster siza [-]
o - — ' = 20
g - T} data g s — ——
<020~ _, | data: Protons HE —  — I ——
N ' os — —
L data: Kaons 02
L  Pi oo F 3 5 ] 10 i3 Gluslgrhslza[-]
0.15— data: Pions = 20 Ratio DIGMAPS /kaons
——— DIGMAPS scaled to data FEH _— ]
- 12 T —
10 - B _—
0.10— 06
B I 02
| 00 2 3 3 3 10 13 ir
B Ratio DIGMAPS/pions Cluster siza []
| = 20 -
0.05 B § iE —  —
S 14E —_— -
12~ — —_—
10E- e —_—
1 taE- —
0.00 &\\ @ s e e e S R seE
: > 4 6 8 10 12 14 2E ; : s
Cluster size [-] Cluster size 11

* Chovani je skvéle popsano ADC préh: 6.2mv
ve vétsSich shlukach pixel(
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Counts per 10 MeV/c?

D* rekonstrukce

2014 Au+Au 200 GeV
Snaha zreprodukovat STAR vysledky (SL15c)
Prepsat kdd do nové verze knihovny kde je

Néco o D mezonu
D* =cd D™ = dé
m = (1869.61£0.1) MeV

opraveny HFT (SL16d) — ¢t=311.8 um
+ +
— D = K72r" B.R.9.13%
120—_|""|""|""|""|""|""|""|""_— NL')100_|llll|llll|lllllllllllllllllllllllllllll_
- Au+Au sy, = 200 GeV . - B Au+Au \sy,, = 200 GeV i
100F- 0-80 cent., p_: 2-5 = E a0l 0-80 cent., p_: 2-5 B
= In plane yield: 172 + 19 ] g - Out of plane yield: 118 = 17
80__ ] UQ-> B 1
: i . ! bk
603_+$ +l 1 1 + + L++ +++ E 3 401_# N ++ +#H’l++ lT ‘ {
|—— I : | | ‘ = 4 ' ]
40:— + ‘T#T T I ﬁH? 1T {% 5 Hﬁﬂ+ | f++ fﬂ ++ ]
201 - 2or -
0:|....|....|....|....|....|....|....|....: ol vl b e e e
1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1
Invariant mass m, Invariant mass m,
VytéZzek D* v roviné a mimo rovinu. (M. Lomnitz, QM15)
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Cuts .

T
e 2014 Au+Au 200 GeV, SL15c: 1.6G, SL16d: 150M

* Selekéni kritéria na udalosti: (1.6G->1.1B events)(150M->112M eventy)
— |V,(reco.)] <6 cm
— |V,(VPD)-V,(reco.)| <3 cm
* Selekéni kritéria na drahy:
— Zasah v HFT: PXL,, PXL,, IST, SST
— Zasah v TPC: Nype > 15
* Topologicka selekéni kritéria
— DCA mezi dcefinymi ¢asticemi (nrt, K, Krt): DCA,y < 80 pum
— Smérujici uhel: cos(6)>0.998
— D*rozpadova délka: 30 um < ct < 2000 pm (150M triplety) (788 M triplety)
— A,.,<200 pm
— DCA dcefiné Castice k primarnimu vrcholu: DCA_ > 100 pm, DCA, > 80 pum
(27k triplety, D* 7k) (19k triplety, D* 5k)
* |dentifikace castic
— pion p; > 0.8 GeV, kaon p; > 0.6 GeV
— TPC: |[no|<3.0 proKandn
— TOF: |1/B—-1/B| <0.05, |1/B—1/B, | <0.06 (added)

M. Lomnitz, QM15
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Selekcni kritéria na udalosti

SL15c SL16d

Event selection cuts Event selection cuts
@ x10° B )il 0f
21500 — c — @000
T S 2 150 —
it = w -
1450 — -
- 145 —
1400 -
= 140 —
1350 =
- 135—
1300 — =
- 130
1250 — -
= 125 —
1200 — -
= 120 —
1150 — =
- 115 —
1100~ | | | ! | | - I ! | | | |
All good run trigger vz Vz(reco)-Vz(VPD) accepted . All good run trigger vz Vz(reco)-Vz(VPD)  accepted
Event Cuts Event Cuts
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No. of triplets [-]

H

Nabojova kombinace tripletu

SL15c

Triplets charge combination

7000

6500

6000

5500

5000

4500

4000

3500

3000

5000

SL16d

Triplets charge combination

4500

4000

No. of triplets [-]

|

3500

3000

2500

2000

- ]

Krtt

24.6.2016

P D - + K'n*n*
K'rtx Kntw K Knrw K*arer
Knn* Kt
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Kn*n K*n*n
K'n'n* K*rnn+

K

K*rtn*
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A _ rez

Mmax

SL15c SL16d
Ama:c

E Amar
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DCA dcerinych castic, p- a dE/dx

DCA =, P, n, TPC dE/dx:p,
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Signal a pozadi metodou spatného znaménka

g 300

c

=5

8 280
260
240
220

200

1805

16

o

14

o

24.6.2016

SL15c

D* signal+background

+ + signal + background (S+B)
+ background

SL16d

D* signal+background

% 400 —
E = + + signal + background (S+B)

+ —4— background

2 - +
50? +

a C
S 350

300

200 ;—
150 i— + + + +
100 %1iw i:fﬁ++#++*“ﬁ¢+#i++§¢iii1# %*#++

1.7 1.75 1.8 1.85 1.9 1.95 2 2.05 2.1
M, [GeVic?]

vstupy: 5k
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Counts [-]

Po odecteni pozadi

SL15c SL16d

D" corrected background D* corrected background

300 = 300
- g2 C
250 — 3 250/~
200 — 200
150 — 150 —
100 } c:‘e:;uasus;;; ey 100 } C:::aaus;;u! 200 Gov
= Significance: :6.9 — Significance: 17,7
C D" mass: (1.87:0.03) GeV/c* C D* mass: (1.87:0.03) GeVic’
50 — 50— +
ty t 3 Lttt Pt
e e A5 SR s SR 0 S U e EE e SRS MIFSRE SIS T3
T Sty S
50[- 50— +
Eovvn b v Lo b b b b by 1 ;0 ‘1 ‘75‘ = ‘1 ‘BO‘ = ‘1 |85I = ‘1 ‘90‘ = ‘1 ‘95‘ = ‘2 60‘ = ‘2 65‘ = ‘2 10
1.70 1.75 1.80 1.85 1.90 1.85 2.00 2.05 2.10 . M [GeV/cé]
M- [GeV/c?] D=

Vytézek: 330£50 nifi S Vytézek: 830+50
i snifi : significance = ————
Signifikance: 6.9 g VS + 2B Signifikance: 17.7
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Counts [-]

D* a D" signifikance (SL16d)

D" corrected background D’ corrected background

300
C — 300
C 2 —
250 s F
- 3 250
200[— o
- 200
150 [— -
- 150{—
100 ; sl.:::.; yﬁ; 200 GeV C Aushu |S,,, = 200 GeV
— Significance: 11.1 1 00 C Yield: 460+30
— D' mass: (1.87+0.03) GeV — Significance: 14.1
50— — D mass: (1.87+0.03) GeV
= 50j
of TFESNUNESNE JE5 ah s - t PN
e 3 IR IIE S S S S ot RS
- + + + T T N + &
50— =
E 50—
L v b b b b b -
1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 Eoococoo b o b o b b o b e b by
My- [GeV] 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10

My [GeV]

Vytézek: 370£30 VytéZek: 46030
Signifikance: 11.1 Signifikance: 14.1
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Counts [-]

Signifikance D* p; binu (SL16d)

D" signal+background
400
350 ; —+— signal + background (S+B)
5 + background scaled to S+B
300
250
F SIGNIFICANCE: 0
200— pT: <1,2) GeV
150 i—
100 f—
50/
- e _‘_‘t' .4.*4—1.,.-9-
17 1.75 1.8 1.85 1.9 1.9 2 05 2.1
m [GeV]
D* signal+background
100 =
90 E + signal + background (S+B)
80 ;— —+— background scaled to S+B
70
60 SIGNIFICANCE: 11.3
E T: <4,5) GeV
soF- + pT: <4,5)
0" +
0 <
20~
10E i+ t 4+
shtlesraelttbon i ite s aattoatty
9.7 1 75 1 B 1.8 1.9 1.95 2 2,05 21
m [GeV]
24.6.2016

D" signal+background D" signal+background
=250 = 2001
2 F a F
E - 4 signal + background (S+8)|  E 1801 —4- signal + background (S+B)
3 200 — —— background scaled to S+B S 160 - + background scaled to S+B
C + 140[
150 — + SIGNIFICANCE: 6.8 120 } + SIGNIFICANCE: 15.0
r pT: <2,3) GeV E + pT: <3,4) GeV
- + 100[ +
100— + + i* + 80| +
L+ + i+ . g
+ #i%; $+*++r*+* t ﬁ+i++ ﬂ» ﬁ# R 60f-
soj + a0/ o +
C 205 i+*ﬂ*+i e, t’#-t-p-ﬂ-f*&# 3141t
Cov o b b vy b by by v by Ly - HH.....I....I‘H‘\‘H.... -
87 i 1.8 19 195 2 205 21 ?.7 18 185 19 195 2 205 21
m [GeV] m [GeV]
D* signal+background D* signal+background
= 50- - 25
5 - 5 |
E 45— - signal + background (5+8)| € |- —4- signal + background (S+B)
8 40;_ +backgroundscaled to S+B 8 20? +backgroundscaledtoS+B
35— C
30 ? SIGNIFICANCE: 6.8 15— SIGNIFICANCE: 5.0
25F pT: <5,6) GeV C pT: <6,8) GeV
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15— H -
o f o 4 .
st AR AU btb
M*#. EAPCE s int F bbbt oreace ottt TR ORI 1 AT AT i\ o tadedibe wilte
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Vyhled do budoucna a shrnuti

HFT mlZe byt pouzZit pro studium ¢astic obsahujici tézky kvark
presnym meérenim sekundarnich rozpadovych vrchol(

HFT byl uspésné nainstalovan na STAR. Prvni MAPS pouzity v
casticovém experimentu. Prvni vysledky jsou jiz dostupné

DIGMAPS byl vyvinut pro simulovani pixelového detektoru

DIGMAPS byl vyladén na kosmickych datech a otestovan na datech
s nizkou luminozitou

Uspé&&na rekonstrukce D* na datech pfed (SL15c¢) a po korekci HFT
(SL16d)

— Pozoruhodné zvyseni signifikance
— ZvysSeni signifikance i v ostatnich tfi-Casticovych mérenich

Korekce na geometrické prijeti detektoru a rekonstrukcni efektivitu
Optimalizace vybérovych kritérii pro D* signal

— Multivariate Data Analysis a strojového uceni

D* R,a Spektrum Dékuji za pozornost
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