¢p resolution study by MC

Genki Nukazuka (RIKEN)



Single py- MC for angle resolution evaluation

- It must be useful if we can estimate hit position on EMCal |
the inner surface of EMcal using INTT hit information.

» We can make such rough estimation table from
single y MC.

» The uncertainty of the estimation is a hint of tracking
resolution.



Basic idea of angular resolution

y

A

EMCal inner surface

INTT outer barrel

INTT inner barrel

B&®

evaluation

Note: Currently,

- - -
F'= Tmes. — Tvertex

=7r
N mes.
rvertex=(09090)

EMCal hit: the innermost (smallest p) G4Hit on EMCal

r EMCal innermost

INTT tracklet vector: a line from G4Hit on the inner barrel to that on
the outer

FINTT tracklet — TINTT outer — YINTT inner

A vector from INTT inner barrel to EMcal hit:

—

Vinner—EMCal — YEMcal — Tinner

Angle resolution evaluator:

ACb — Cbinner—>EMcal — ¢INTT tracklet

Angle resolution:
GAgb

HAPp

where u and o are determined by gaussian fit to A¢ distribution



Pilot run: Condition

Setup:

» Single 4~ MC with p = (0, 1, 0) GeV/c
- l.e. no angular distribution
) ?Vertex = (07090) cm

- Beam pipe, MVTX, INTT, TPC, TPOT, and EMCal are in the simulation.
« 2000 events

- It took long time. Is 80 min / 100k OK?




Is at least 1 hit on EMCal?

Pilot run: is a hit on INTT/EMCal?

YES

NO

IS_hit_emcal innermost:is_hits_intt
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Are at least 2 hits on INTT?
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<— Events in this row: no G4hit on EMcal

Why was no hit made on EMCal for large
fraction of events?



Pilot run: #G4hit for each detector

#hit/event for each detector hist_hit_num :
=wies 12000] | PG also has no hit for 40% of events.
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Pilot run: #G4hit position

Hit x-y position

X vs y position of G4hit. No event/hit selections
were applied.

2000 events are accumulated.

Trajectory of muons are clearly seen.

Some hits were generated in totally different
directions from the beam.
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hit_emcal_innermost.Y():hit_emcal_innermost.X() {is_hit_emcal_innermost}

Entries 1125
)(
Mean x -21.57
Mean y 98.35 3(
Std Dev x 6.076
Std Dev y 10.8 3(
0 0 0
0 1125 0 1_(
0 0 0
—12(
—10C
80
60
40
20
I I
100 0

Pilot run: Parameter distributions

+ (Left) Xpneal VS YeMcqy distribution
* The distribution is uniform in azimuth

. (Below) peyvica = \/ Xanical F Yemc, distribution

hit_emcal_innermost.Rho() {is_hit_emcal_innermost}

45+
403
35F
3of
2sf
20F
15¢

10F

Entries
i Mean
Std Dev
ow

Why do some p not interact with surface of EMCal?
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hit_emcal_innermost.Y():hit_emcal_innermost.X() {is_good_event && hit_emcal_innermost.Rho()<99}
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Pilot run: Parameter distributions

+ (Left) Xpneal VS YeMcqy distribution
with a cut of peyveg < 99 cm

hit_emcal_innermos t.Rho() {is_hit_emcal_innermos t}

Entries




Cuts

« Atleast 2 INTT hits
* PEMCal < 99 cm

Pillot run:

« Atleast 1 EMCal hit
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Pilot run: ¢ angle resolution

Z00Mm

Ad AN Ad

EMCal - INTT tracklet : . EMCal - INTT traeklet
. hist_dphi " 4r2— “hist_dphi_zoomed
E — E 10 O 0 00287 o Entries 468
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run 1: Condition

Setup:
- Single 4~ MC with p =1 GeV/c
¢ =|-m 7]
. =0

r = (0,0,0) cm

* Tyertex

- Beam pipe, MVTX, INTT, TPC, TPOT, and EMCal are in the simulation.
« ~50k events

Ad
Momentum . . AP Ao |
d. dev.
Run #event Beam (GeV/c) ¢ dist (rad) ndist vertex (cm) mean (mrad) s}mrag)v resc(>ol/t:)t|on
Sl ook g PePePd= goodate fixedato | xedat 186 287 1.54
(0, 1, 0) (0, O, 0) ' '
fixed at

1 50k - ot =1 GeV [-11, TT] fixed at O 0, 0. 0)



Run 1: Parameter distributions
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vec_beam.Phi()
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s Pp..m, distribution
- Beam was generated uniformly in azimuth



Runi1: Parameter distributions

. (Left) x VS distribution
EMcal YEMCal

hit_emcal_innermost.Y():hit_emcal_innermost.X() {is_hit_emcal_innermost}

» The distribution is uniform in azimuth
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Runi1: Parameter distributions

» (Left) Xpneal VS YEMcq distribution with cuts:

- at least 1 EMCal hit
e _f3p  « atleast 2 INTT hits

Mean y 42

hit_emcal_innermost.Y():hit_emcal_innermost.X() {is_good_event}
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Runi1: Parameter distributions

hit_emcal_innermost.Y():hit_emcal_innermost.X() {is_good_event && hit_emcal_innermost.Rho()<99}
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+ (Left) Xpneal VS YEMcq distribution with cuts:

- at least 1 EMCal hit
- atleast 2 INTT hits

- PEMCal < 99 cm

. (Below) pppvica = \/ XEMCal
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Runi: ¢ of beam and INTT tracklet -

Cuts
« Atleast 1 EMCal hit
« Atleast 2 INTT hits

* PEMCal < 99 cm

vec_intt_tracklet.Phi():vec_beam.Phi() {is_good_event && hit_emcal_innermost.Rho()<99}
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10
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........................

n1: ¢ angle resolution

— Cuts
12031
0.03747

39

« At least 1 EMCal hit
 Atleast 2 INTT hits

* PEMCal < 99 cm

¢ I ¢ZraCIdA€I(T)bedm o ﬂ ¢tmcklet—beam I < 26¢tmcklet—beam /\

EMCal - INTT tracklet

10
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II .

-0.

2

-0.1

hist_dphi
Entries 11469
Mean -0.1846
Std Dev 0.02745
Underflow 52
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EMCal - INTT tra “IﬁIst_ dphi_zoomed
100)(‘ o ‘=‘ 0.00395 = 921929, Entries 11057
= = -0.186 Mean -0.1864
- Std Dev 0.006719
i Underflow 0
B Overflow 0
%2 / ndf 13.21/9
= Constant 1024 = 15.0
- Mean ~0.1861 = 0.0001
- Sigma 0.003953 =+ 0.000070
g Il
| I I I I I I I I I I I I I
-0.22 -0.2 -0.18 -0.16 -0.14

Fittings were performed 10 times iteratively. Ag




Run1i : ¢ angle resolution as a function of ®dveam

Cuts
« At least 1 EMCal hit
« Atleast 2 INTT hits

* PEMCal < 99 cm Zoom
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Apvs ¢ Apvs ¢ Apvs ¢ Apvs ¢ Apvs ¢
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Sigma 0.003897 0000656 Sigma 0.004108 = 0.000439 Sigma 0.002891 = 0.000317 Sigma 0.003927 =_0.000654 Sigma 0.003242 = 0.000414 Sigma 0.003559 =_0.000439 Sigma 0.003969 =_0.000476 12 Sigma 0.004154 =_0.000357
12]

ean and std. dev. are evaluated for each ¢, bin.
The bin width is currently 211/50.

Aq;.(rad) : : ) Aq; (rad) ’ ’ ) ) A¢ (rad) ’ ’ ) Aq; (rad) ’ ’ ) A¢ (rad) | | ) Aq; (rad)

Entries

Mean
Std Dev

Underflow
Overflow
16.42/11 % Indt 1936/9
1873 + 186 Constant  20.35 = 242
-0.1867 = 0.0004 Mean  -0.1852 = 00004

Sigma 0004062 . _0.000401 Sigma 0.003566 . _0.000510

Fittings were performed 10 times for each ¢oeam bin, iteratively.




Run1i : ¢ angle resolution as a function of ®dveam

Cuts
L _ - Atleast 1 EMCal hit
¢ resolution in % as a functionof ¢ . At least 2 INTT hits
T %2 I ndf 64.24 / 49 * PeMca < 99 cm
o= _ )
c 9: PO 1.923 = 0.03038 * | Prrackier—beam ~ Hpruoerpean| < 2%uactir-sean
Q -
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g 8-
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6:— 2.5
5 2
4 I
- 1.5_—
3 ; -
1—
2i+| | +++¢.++ H’#uﬂf ++ + ##4» ++ +_+++++ T . e
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-3 -2 ~1 0 1 2 3 Ppeam (12D)
Poam (rad) ?/NDF of gaussian fittings.



Ad

EMCal - INTT tra

400 ro————— — 1% £ [iooq 2[=[%00002 = 8.52% nzeons
B s L ET N
eam c« s
E Sdnnnnng PRI |
nergy -, = &= -
A <] A
Scan . G
0 1 2 3 4 5 0 1 2 3 4 5 1y HI“HH
pT (GeV/C) pT (GeV/C) -o.|15 '-c|>.1' - '-0.|05' 005
Momentum ¢ dist . vertex Ad Ad Ad
Run #event Beam (GeV/c) (rad) n dist (cm) mean (mrad) std. dev. (mrad) resolution (%)
. _ fixed . fixed at o
PHOT I ¢ ¥ 1 at 11/2 fixed at O 0, 0, 0) 186 2.87 1.54%
| 50k w 1 1] fixedato 1xedat 186 3.95 2.12%
(0, O, 0)
o 50k 2 1] fixedato xedat 92.1 2.34 2.54%
(0, O, 0)
© 50k 4 -, ] fixed at O ‘Eg‘eg g; 47.2 4.02 8.52% 7 <1
| 50k w 0.5 1] fixedato xedat 385 8.85 2.30%

(0, O, 0)



