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Since last meeting

* Testing following ePIC meeting in Frascati

* Checking need for proton theta cut in latest simulation campaigns.
* (Brief) Test of ePIC PID efficiency.

* Testing InclusiveKinematics branches against manual calculations.
* Testing different methods to calculate kinematics.

e Good ol' Trento Phi



Need for proton theta cuts?
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Reco.

Assumption about poor Roman
Pot reconstruction still made for
24.10.1 campaign.

Actually checking this confirms
assumption — cut on RP track
geometry still needed.



24.10.1 campaign w/out RP theta cuts

— MC gen. Reconstruction of p; not enough to provide
— MC assoc. appropriate cut.
— Reco. (B0O)

Reco. (RP)

Will maintain current status: track theta
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Still poor RP reconstruction in
December campaign.

Now, MANY PROTONS MISSING?

Also, some BO proton tracks are
reconstructed w/in the barrel?



24.12.0 camr
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RP reconstruction now
worse than before.

Flat energy distribution?
Theta distribution?

Need to check 25.01.1
campaign.
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Need to maintain proton theta
cuts.

BO tracks seem to show outliers
outside BO coverage.

-> Change between 24.10.1 and
24.12.0 campaigns?

Need to plot kinematics for events
outside expected coverage.



Discussion following presentation

» Spoke to A. Jentsch after presenting to PWG.

* Problem identified:

" EICrecon using the wrong magnet geometry file for RP reconstructions.

* Had already been raised by Alex back in October, but hadn't been acted on for
the campaigns.

* Fix should now be in place ready for February campaign.



InclusiveKinematics testing



Test of InclusiveKinematics branches

* InclusiveKinematics branches automatically calculated by EICrecon.

* Methods used for calculations:

= "Electron" method (only uses scattered electron information)

= Jaguet-Blondel (JB) method (only uses information about hadronic final state)
" Double Angle (DA) method

= Sigma method.
= e-Sigma method.

 Last 3 use a combination of all final state particles for kinematic
calculations.

* (All methods use the beam particles).



Inclusive kinematics: electron method

* Only uses information from the scattered electron.

* "Standard" formulae for Q% x and y

Q°=—(k—FK) x

Q2
- 2q.p
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Inclusive kinematics: JB method

* Only uses information from the hadronic final state.
= Everything except the scattered electron.

* Formulae rely on combined quantities from HFS: pr,, and 2,

p7 = (Sp:)? + (Zpy)° Yp=%SFE—Xp.

Y= —— szp?r’h xr = Q°
2F. 1 —y dE.Epy

\ Beam electrOn energy Beam proton energy
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Inclusive kinematics: DA method

Uses a combination of scattered electron and HFS information.
= Only cares about the track angle of the scattered electron.

Good if you don't have good energy resolution for the e".

* (pn and 2, definitions as previously shown).

tan(6d./2) ,  AE? 1 0?2

J= tan(6,./2) + tan(vy/2) ~ tan(6./2) tan(6./2) + tan(vy/2) N 1E.Epy
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Inclusive kinematics: 2 method

* Uses a combination of information from all final state particles.
* Introduces an equivalent for pr, and %, but for the scattered electron.

* The afterburner procedure needs to be undone before this method is used.

pr of the scattered electron

> N
Ztot — Ee + Zh Ztot Q2 - p’%’fv

/ 11—y

(E — p,) of the scattered electron
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Inclusive kinematics: e> method

e Uses a mix of the 2 method and just the scattered electron information to calculate

different quantities.

Ye — 2F.
4 )
,  Dre
Q? =
_ye)

ys

Etot

4 )
Ye, = Qg

oy =
. 4E6Ep332)
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Notes on the InclusiveKinematics branches

e The "Truth" branch uses the MC information and the electron method
for its variables.

* All other branches use the reconstructed particle collections.

e Both the truth and reconstructed branches assume the scattered
electron.

" First non-beam electron in the collection.

* HadronicFinalState calculations only use the ReconstructedParticles
branch.
= Scattered electron identified from MCParticle associations.
= Misses particles not present in RecoParticles (eg. Roman Pot tracks).



InclusiveKinematics testing



IncKinTruth vs manual calc. (MCParticles)
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IncKin vs manual calc.
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IncKin vs manual calc. - JB method
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IncKin vs manual calc.
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IncKin vs manual calc.
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IncKin vs manual calc.
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InclusiveKinematics testing

Results — differences between InclusiveKinematicsTruth and different
InclusiveKinematicsXYZ branches
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InclusiveKinematics testing

Results — differences between manual calculations using MCParticles and
ReconstructedParticles
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InclusiveKinematics testing

Results — differences between InclusiveKinematicsXYZ branches and manual
calculations using ReconstructedParticles

31



Electron JB DA Sigma eSigma

F [ F 50000~ 70000 7
sooon |- iz00|- 18000 L E
80000 r 16000 r 0000 -
E 1000 E 40000 L
70000 - [ 14000 L 50000
0000 800~ 12000 L F
g r 2 awoon 40000
50000 C 10000 - [ E
E 600 — F F [
E F E F 30000 -
40000 r aono: 20000 - F
30000 - 4001~ sooof- r 20000
20000 ;— L 4000 10000 - E
E 200~ L L 10000 -
10000 C 20001 r E
P ST I FRTEY EYRTR TRV, ITRT SR FRT FRTRLRUEY P = a SR PV TN ERRTH FUTRY UUTE PRTRN 0:....|....|....|.. dan FET PR AT P T EUET FRTHI SYRTE SYETI  [NI RTRTE FRTRIRRTRTNTEY P sETEITETE P STRTE SYRTE [RTRTETE FRTHI RUTHI TN
5 4 3 =2 1 0 1 2 3 4 5§ %5 4 =3 =2 1 0 1 2 3 4 5§ 5 4 3 =2 1 0D 1 2 3 4 5§ 5 4 3 =2 1 0 1 2 3 4 5 s 4 =3 =2 1 0 _ 1 2 3 4 5§
§ 07 {IncKin-Reca. - &) [GeV¥] §CF {IncKin-Reco. - JB) [GeV?| & GF (IncKin-Reco. - DA) [GeV] §QF (IncKin-Reco. - I} [GeV?| § GF (IncKin-Reco. - e-L) [GeVF|
0
F 30000 — N C F
ook N 20000 25000~ 35000
[ 25000 r F E
F F 30000 30000 -
F F 25000 — E E
Bo- r E F F
L 20000~ N 25000~ 25000 [~
[ F 20000 F F
8O L L 3 3
r 150000 F 20000 : 20000 :
F r 15000 E E
ol r F 15000 15000 |-
L 10000 - F E E
F 10000 - E E
r r L 10000 10000
20 ol E E E
5000 E F F
H F 5000 5000~ 5000
0_|||||||||||||||||||||||||||||||||||||| o'uul|||I|||I|||I|JIL..I...I...I...I... 0'|||I|||I|||I|||I||J|||I|||I|||I|||I||| [i] A EEEE N T RN TR FEE NN N N e b b b b e b b Ly
1 0B 06 04 02 0 02 04 06 0B 1 1 0B 06 04 02 0 02 04 06 08 1 1 0B 06 04 02 0 02 04 06 08 1 1 0B 06 04 02 0 02 04 06 0B 1 1 0B 06 04 02 0 02 04 06 08 1
&% {IncKin-Reco. -8} & x {IncKin-Reco. - JB) &% {IncKin-Reco. - DA} & x (IncKin-Aeco. - I) & x {IncKin-Reco. - e-1)
10°
190l 40000 F F 35000 |-
F E r 35000 E
E o 10000 F F
120l 35000 F F 30000 |-
F F 30000 b
100l oo 8000~ F 25000
L E F 25000 [
E 25000 i F [
L E r E 20000
B0 E 8000~ 20000 F
[ 20000 F E F
soF g i E 15000 |-
r 15000 4000 15000F F
anl E [ E 10000 -
F 10000 - r 10000 F .
[ F 2000 E F
20 s000F- - 5000 5000
N I T T S T T M T T TS R I ol il AT e SR P N I I T T P T T T N A N AT T
1 0B 06 04 02 02 04 06 08 1 "1 0B 0B 04 02 1 0B 06 D04 02 0 02 04 -0 B 04 02 1 0B 0B -04 0.

| ¥ . X | 0.6 0. 1 X X ¥ X X | ¥ . X |
By {IncKin-Reco. -8} &y (IncKin-Reco. - JB) &y {IncKin-Reco. - DA} &y (IncKin-Reco. - I) &y {IncKin-Reco. - e-I)



& x {IncKin-Reco. -a )

4y {IncKin-Reco. - &)

507 (IncKin-Reca. - 8} [GeV¥]

Electron

X N T I R T T Y
a 2 4 & B w12 14 16 18 20

&F {IncKin}

08

0.6

0.4

0.2

NI NTRTE ART 1 RRRTI RURTE ARTNINTNTH INTR] RRTRINTET]

b 005 01 015 02 025 03 035 04 045 05

x {IncKin}

08

0.6

04

02

0.3

06 07 0B 08

i {IncKin}

507 {IncKin-Reco. - JB} [Gev’]

02

G PR
A e e L E b b b L
& & 10 1z 14 16 18 20
&F {IncKin}
]
;
g
3
8
T
£
<
g
= _ -
x -
—_——— - - - —
-
-02
—0.4
—06
-08
_ 1 T FETH RTRTE NTAT) RN SRRTH SRTT FETHI R
b 005 01 015 02 025 03 035 04 045 05
x {IncKin}
e
E] o
g 0B .
3
2 £
L 0B .
2 E
2 o4l
= F
“ ~

02 ) .

_0_13? -__ - -

-o_sf— L B

-o_a;— - - . ’
_h:...b?...h...l.u.|..'..|....|§.'.b|?r..6|d..6|....

i ¥ {ImcKin-Reco. - DA}

& y {IncKin-Reco. - DA}

5 0F {IncKin-Reco._ - DA) [Ge\©

&F {IncKin}

08

0.6

0.4

02

o
!

WA

005 01 015 02 025 03 035 04 045 05
% {IneKin

_0_53— IR

—0.8f
Rl o o oo
by 1 02 03 04 5 06 07 08 0%

i {IncKin}

o X (IncRan-Heco. - X

ay {Inckan-Heco. - X)

Ty [GevE

& 0° (IncKin-Reco. -

Sigma

b b b b Lo b b b Leus
2 4 [ B z

20
& {IncKin}

Li:3

Li:3

0.4

0.2

i

005 01 015 02 025 03 035 04 045 05
x {IncKin}

08

06

04

02

068 07 08 08
¥ {IncKin}

&% (Inckan-Heco. - a-L)

8y {Inckan-Heco. - e-1)

507 (IncKin-Reca. - 8-E) [GeV¥]
b

eSigma

||||qi:||||

-2

-4

-5

=}

vl b bvs be b bvna b baaa Laas
2 4 & B 0 12 14 E 13

20
&F {IncKin}

0.8

0.6

0.4

0.2

|

j

1
e

0.05 01

015 02 025 03 035 04 045 05

x {IncKing

08

0.6

04

0.2

TTT T T[T T

oA

0.3

QZ



Brief aside: ePIC PID performance



ePIC PID test

* Using 100 files from the 25.01.1 simulation campaign to test the
efficiency of ePIC PID.

- Generated | No. reconstructed No. Missed (PID code 0)

# % # (%
NEISCEORSIN 147847 84542 57.2 2568 1.74
\Phctons N 147847 140847 95.3 0 0
IPIOIoRSI 147847 146265  98.9() 1582() 1.070

(*) - Proton PID comes from MC seeding, so should be 100%. "Missed" protons indicate a discrepancy with this
process.
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ePIC PID test

* The ePIC PID systems still need significant work to improve their
electron reconstruction.

 Efficiency of 57% seen in 10x100 beam setting — from previous
campaigns, other settings won't be much better.
" 5x41: similar efficiency seen (using 24.10.1 campaign)

= 18x275: significantly worse efficiency seen in 24.10.1 campaign.
= For higher beam energy, missed electrons dominate mis-identified particles.



Trento Phi calculation



Trento Phi

* Have mentioned this in previous meetings.

= Recommendation: use a full 4-vector calculation for Lorentz invariance of
result.

2 papers found, from (some of) the same authors:
= Single-spin asymmetries, the Trento conventions (Dec. 2004)!

= Semi-inclusive deep inelastic scattering at small transverse momentum (Feb.
2007)!2

* Give slightly different formulae for phi but look almost identical.
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https://arxiv.org/pdf/hep-ph/0410050
https://arxiv.org/pdf/hep-ph/0611265

Phi, (1)

* Paper 1 gives a formula for calculating phi using 3-vectors

o Given in target rest frame (or any other frame reached by boosting from this

along q.
o lgxl) (gxP)
COS Oy, = — . —_— \
g x 1 |gx Pyl
* Also gives a 4-vector method s 9P
o | |Pril]
Ll =+/=4¢""1,, and |Py | = /—¢"" Ph,, Ph,. ,
| J_| gJ_ { | fJ_| \/ gJ_ TR o {;'MPU +P“qy . -':,-'2 q;;qp PHpv
- P-qg(14++42) 1442\ Q2 M2 )

v =2xM/Q,
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Phi, (2)

* Paper 2 gives the 4-vector calculation slightly differently:

Ny

l 1! P hv 9

‘ oo _pry po_ _pv
\/m ' =g, l,and P,| =¢'| P,
1 hl ' '

CoS @, = —



Phi, (3)

* Have tried both of these 4-vector methods, as well as the 3-vector
calculation given.

e Testing using raw HEPMC data:

" The 2x 4-vector methods do not agree, regardless of the boost applied.

* When boosting to the target rest frame, the method in paper [2] agrees (at
least to within 1 part in 10%) with the 3-vector calculation.

= The method in [1] is also close; ~1% off.

= As soon as any other boost (or no boost/in lab frame) is applied, these
methods diverge.

* (2 events shown on next 2 slides to demonstrate)



Phi, (4)

[3EVector
P3EVector
P3EVector
P3iEVector

k(0.0000000000000000e+00, ©.0000000000000000e+00, -9.9999999869440064e+00, 1.0000000000000000e+01) ;
p(0.0000000000000000e+00, ©.0000000000000000e+00, 9.9995598131265865e+01, 1.0000000000000001e+02) ;
kp(-8.8050940609571138e-01, -7.0570191241249569e-01, -8.4172495289531071e+00, 8.4925497877530507e+00) ;
pp(-3.9743891263112607e-01, 1.0121128687525965e-01, 9.9634057254544004e+01, 9.9639319150554201e+01);

~ HEPMC) (DEBUG] num
1659 den (mag) = -

cPhi

Phi |

- HEPMC)

| ] den | den |
[DEBUG] cPhi ) 2] cPhi |
[DEBUG] Phi (sq.) = 0. 35 Phi (

[DEBUG]
(DEBUG]
[DEBUG]

[DEB
[DEB




Phi, (5)

P3EVector
P3EVector
PiEVector
P3EVector

k(0.0000000000000000e+00,0.0000000000000000e+00, -9.9999999869440064e+00,1.0000000000000000e+01) ;
p(0.0000000000000AA0L+00,0.00ROOAO0AAOOAO0A+OR]9.9995598131265865e+01,1.0000000000000001e+02) ;
kp(-5.2112621352190280e-01, 7.1975545871925573e-01, -7.8680413323163521e+00, 7.9180613232438688e+00) ;
pp(-9.4227166382196192e-02, -3.9233430742232822e-01, 9.9912517523977399%e+01, 9.9917737751197777e+01) ;




Backup



MCParticles.P() for beam p

TMath:Sqrt(TMath: Power(MCParticles. momentum.x, 2)+ TMath::PeweriMCParticles. momentum.y.2)+ TMath::Power(MCParticles. momentum.z.2)) {MCParticles.generatorStatus=-4 && MCParticles.PDG==2212)

50

40

30

20

10

O ﬂ |_L'_\ Wﬂﬂ H | | ‘ | | | | | | | ‘ | | |
100.018 100.018 100.019 100.019 100.02
ientum.x,2)+TMath::Power(MCParticles.momentum.y,2)+TMath::Power(MCParticles.momentum.z,2))
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MCParticles.P() for beam e

TMath::Sqrt(TMath:: Power(MCParticles. momentum.«,2)+ TMath:: Power(MCParticles momantum.y,2) + TMath:: Power(MCPariicies. .2,2)) {MCParticle 4 88 MCParticles.PDG--11}
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GeneratedParticles.Pt() sum
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2.44 2.46 2.48 2.5 2.52 2.54 2.56
ticles.momentum.y[0]+GeneratedParticles.momentum.y[1]+GeneratedParticles.momentum.y[2],2))
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GeneratedParticles.P() sum
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ticles.momentum.z[0]+GeneratedParticles.momentum.z[1]+GeneratedParticles.momentum.z[2],2))
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