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Approach — Afterburner Comparison

o Observed something strange in nuclear remnants distribution after

“afterburner” when comparing to before “afterburner”. Needs to investigate
further this problem

o Kong generated BeAGLE v1.03.02 1M events (ePb 18x110 J /¢ diffractive)
o Passed events through “afterburner” with different configurations

o Compare before “afterburner” sample to after “afterburner” sample with
two settings

o Default ip8_eau_110x18 (crossing angle with beam effect)
o Additional ip8_eau_110x18 ca (crossing angle without beam effect)
o Additional ip8_eau_110x18_bdivO0 (crossing angle with beam effect, but zeros divergence)
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Afterburner Configuration

ab::AfterburnerConfig ab::EicConfigurator::preset_ip8_eau_110x18() {
ab::AfterburnerConfig cfg;

cfg.crossing_angle_hor = -35e-3; // Crossing angle in horizontal plane [rad] O In COnfiguratiOn Card
cfg.crossing_angle_ver = 0; // Crossing angle in vertical plane [rad] . .

T - p (afterburner/cpp/afterburner/EicConfigurator.cc)
cfg.hadron_beam.beta_crab_hor = 500000.0;

cfg. Lepton_bean. beta_crab_hor = 150000.0; o Crossing angle

[/ Seen deraence Beam beta function at crab cavity
Beam divergence

Beam beta function at IP

Beam RMS emittance

Beam RMS bunch length

Beam momentum spread missing?

cfg.hadron_beam.divergence_hor = 218e-6;
cfg.hadron_beam.divergence_ver = 379e-6;

cfg.lepton_beam.divergence_hor = 10le-6;

cfg.lepton_beam.divergence_ver = 37e-6;

// Beam beta star [mm]
cfg.hadron_beam.beta_star_hor = 910;
cfg.hadron_beam.beta_star_ver = 40;
cfg.lepton_beam.beta_star_hor = 1960;
cfg.lepton_beam.beta_star_ver = 410;

O O O O O O

// RMS emittance
cfg.hadron_beam.rms_emittance_hor = 43.2 * nm;

cfg.hadron_beam.rms_emittance_ver = 5.8 * nm;
cfg.lepton_beam.rms_emittance_hor = 20 * nm;
cfg.lepton_beam.rms_emittance_ver = 0.6 * nm;

(afterburner/cpp/afterburner/AfterburnerConfig.hh)
cfg.hadron_beam. rms_bunch_length = 7 * cm; O use_beam_bu nCh_Sim —_ true/false

cfg.lepton_beam.rms_bunch_length = 0.9 *x cm;

return cfg;
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Afterburner Configuration Details

ab:

:AfterburnerConfig ab::EicConfigurator: :preset_ip8_eau_110x18_ca() {

ab: :AfterburnerConfig cfg;

cfg.crossing_angle_hor = -35e-3;
cfg.crossing_angle_ver = le-30;

cfg.hadron_beam.beta_crab_hor = 1.;
cfg.lepton_beam.beta_crab_hor = 1.;

// Beam divergence

cfg.hadron_beam.divergence_hor = 0;
cfg.hadron_beam.divergence_ver = 0;
cfg.lepton_beam.divergence_hor = 0;
cfg.lepton_beam.divergence_ver = 0;

// Beam beta star [mm]

cfg.hadron_beam.beta_star_hor = le-30;
cfg.hadron_beam.beta_star_ver = le-30;
cfg.lepton_beam.beta_star_hor = 1le-30;
cfg.lepton_beam.beta_star_ver = le-30;

// RMS emittance

cfg.hadron_beam.rms_emittance_hor = 1e-30 * nm;
cfg.hadron_beam.rms_emittance_ver = 1e-30 * nm;
cfg.lepton_beam.rms_emittance_hor = 1le-30 * nm;

cfg.lepton_beam.rms_emittance_ver = 1e-30 * nm;
// RMS bunch length
cfg.hadron_beam.rms_bunch_length = 1e-30 * cm;

cfg.lepton_beam.rms_bunch_length = 1e-30 * cm;

return cfg;
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// Crossing angle in horizontal plane [rad]
// Crossing angle in vertical plane [rad]
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Created ip8 eau 110x18 _ca setting

In order to get rid of beam effects
afterburner/cpp/afterburner/EicConfiqurator.cc

to remove any beam effect related constants
Beta function at crab cavity H = 1
Beam divergence H/V =0
Beta function at IP H/V =0
Beam RMS emittance H/V =0
Beam RMS bunch length =0
afterburner/cpp/afterburner/AfterburnerConfiq.hh

© O O O O

(L47 and L52) to turn off bunch simulation
o Beam bunch simulation = false
o SmearFuncs:: Uniform
afterburner/cpp/afterburner/Afterburner.cc

(L3710 and L311) to remove beam angular deflection
o Real _hadron_dir = ideal _hadron_dir
o Real lepton_dir = ideal lepton_dir



Used Scattered Electron and Vector Meson, J/y

t: Before/After “afterburner”

BeAGLE_eau_110x18
ip8_eau_110x18_ca (corrected 35 mrad) ip8_eau_110x18 (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
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o Normalized histograms by scaling by 1/integral and taking width into account
o Four different “afterburner’” samples:

o Only Boost, Crossing angle + Boost, Boost + All Beam Effects,
o Observed that “t invariant” in reconstruction using particles in central region
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Used Scattered Electron and Vector Meson, J/y Blue taken out rotation + boost

t: Before/After “afterburner”

BeAGLE_eau_110x18

ip8_eau_110x18_ca (corrected rotation and boost) ip8_eau_110x18 (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
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o Normalized histograms by scaling by 1/integral and taking width into account
o Four different “afterburner’” samples:
o Only Boost, Crossing angle + Boost, Boost + All Beam Effects,

o Observed that “t invariant” in reconstruction using particles in central region
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Scattered Electron

e’: Before/Aftg”rl .‘"Iafte'rburnle”r”

BeAGLE _eau_110x18
ip8_eau_110x18_ca (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
ip8_eau_110x18 (corrected 35 mrad)

o From comparing to blue and
green distributions, boost and
rotation reflects on original
distribution for particles in
central region.

o From comparing to red and

distributions, they are
very similar, and smeared by
beam effects. Beam divergence
doesn’t affect too much for
particles in central region.
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Normalized histograms by scaling by 1/integral and taking width into account
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Scattered Electron Blue taken out rotation + boost

e’: Before/After “afterburner”

04F — e'o're‘ ;
0.355 0.35 [ 0.355 —LB\nferA;En|y§5mrad
BeAGLE_eau_110x18 : i : ; : : _ Mor AB oty 35mad,
ip8_eau_110x18_ca (corrected rotation + boost) 03 | ] 0.25} i ] 03 with 35mrad rotation + boost ]
ip8_eau_110x18_ca (no correction) 0.25F - ] . ] -
ip8_eau_110x18 (corrected 35 mrad) 3 f 3 F ] g | l
3 0.2 ] 08;0.15- . 8 02E ]l
0.15F . 0.15F
E l E 0.1' T | C ]l'l
. ,]i lll ] lll Ill ; 01 1’\.\

o From comparing to blue and oosf : B ; 005t . ;
green distributions, boost and S N S N W T s LI
rotation reflects on original
distribution for particles in
central region. R B e e LS

o From comparing to red and 0.35 f ] osf | 1{ ] 05} ek il

H H . L ': II ] L j]1 ] F After AB 35mrad + beam div 0 E
distributions, they are 03} u : 025 _ 03
very similar, and smeared by 0.5 et : o : o.zs;.-.l
beam effects. Beam divergence 3 o R ] - : s ozt 1]
doesn’t affect too much for o.15f J: l; : : g st |
particles in central region. o J ll, ; T JJ | o |
C : ) ] E '11.1%_ ] . e ]
91-0L.J_I—5 = I0I T I1-0 £)10LI . I—5 = I0I = 5 I.I‘10 920I ‘I—15””—10”“—;:'TT7I6LIL”5
e' px [GeV/c] e' py [GeV/c] e' pz [GeV/c]

Normalized histograms by scaling by 1/integral and taking width into account
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Scattered Electron

e’: Before/After "afterburner”

BeAGLE _eau_110x18
ip8_eau_110x18_ca (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
ip8_eau_110x18 (corrected 35 mrad)
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Normalized histograms by scaling by 1/integral and taking width into account
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Scattered Electron Blue taken out rotation + boost

e’: Before/After "afterburner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Produced Vector Meson, J /¢

J/: Before/After “afterburner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Produced Vector Meson, ] /9 Blue taken out rotation + boost

J/y: Before/After “afterburner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Produced Vector Meson, J /¢

J/: BeforelAf_telrm“

BeAGLE _eau_110x18
ip8_eau_110x18_ca (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
ip8_eau_110x18 (corrected 35 mrad)
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Produced Vector Meson, ] /9 Blue taken out rotation + boost

J/: Before/After “afterburner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments

Protons: Beforgl'Afte'r “aftgrpurner”
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though. 8 | ] 3 ] g 1
9 . . 3 0.6f ] ] B 0.6f ] B |
o From red distribution, all ; : ; : 10f (i
i | _ ; _ _ of
momentum vectors are i J ] o of f; 11
smeared by beam effect. o2f | ] o2f T lL £ )
. . . . L T 1 4 L I 2F 1.11
o The distribution with no 034..,Z.Jﬂ.o.-u..z“.‘i.- 0;4..,2.;&0.1% L oou’.’. DN I |
beam divergence has similar "~ Proton px [GeVic] ~ Proton py [GeV/d] Proton pz [GeV/c]
to original distribution Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments

Protons: BeforgllAfte'r “afterpurner”

©

BeAGLE _eau_110x18

ip8_eau_110x18_ca (corrected rotation + boost)
ip8_eau_110x18_ca (no correction)

ip8_eau_110x18 (corrected 35 mrad)

Brookhaven

National Laboratory

Blue taken out rotation + boost
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Jihee KIM

0 2
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Proton pz [GeV/c]

Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments

Protons: Before/After “afterburner”
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0.06f{| | . 0.6¢ IIL e 3 : [
0.04_|I J I II"- ] 0.4F ey ot . 0.05[ ! 1
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8 0.12F 1 - G 1.2 @ 0.15
8 012 § : g FH 1 3 ]
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments Blue taken out rotation + boost

Protons: Before/After “afterburner”

0.24F — Before AB

L 3 F
0.222 llll | E 2‘25 'l,[ i — After Al onIy3§mrad
BeAGLE_eau_1 10X18 0_25 "?l-l E 2: ~II 0.25 _::: :A norr.:l;a;;vr;:at;nmr -
ip8_eau_110x18_ca (corrected rotation + boost) 0.18 :I'!- ] 1.8 1 ﬂ with 3sjhrad rotation + boost P_
ip8_eau_110x18_ca (no correction) o.16f I'Il' ﬂ]. 13; | 021 i ]
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El Y : Al : || 3
0.08f {41 : 0.8F ] 0.1 It ]
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0'2:_"" 11'1 ] 25 l'| ] 02 N ;«her AB’BSmrad+bte:§1ndivo 1
0.18f -"I 1‘8: l r taken: out 35mrad rotatipn
0.16 i_ '1_‘1 ; 1 .65 ll 0.2 r
g 014 H 3 “H 1 8 ;.;w.m%w».—::e.ammzf-mm-m&uﬂﬁ\:;
3 0.12F i g 12p [ T 0.15 ]
» o ! 3 %) £ 1 [
0.085 [ ‘1‘ o.sz—% !]-Jw 0.1
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0.04 f "I,L 04 1 0.05F
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Normalized histograms by scaling by 1/integral and taking width into account
¢ Brookhaven
National Laboratory Jihee KIM 18




Final-state Fragments

Neutrons: Befor

BeAGLE _eau_110x18
ip8_eau_110x18_ca (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
ip8_eau_110x18 (corrected 35 mrad)

L}‘ Brookhaven

National Laboratory
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0.5F 0.5F I
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r!!

Scaled

Scaled

x10° ———
80 o — Before AB
C — After AB orily 35mrad
70 E taken out 35mrad rotation ]
C — After AB only 35mrad
60 C with 35mrad rotation + boost]
50F
40F
30F
20F
10F
0 F A——’J -L\;_J L L PR
0 100 200 300
Neutron pz [GeV/c]
< .
80F ¥
C 4— Before AB ]
70 C {— After AB 35mrad + beam effect}
- taken out 35mrad rotation
C After AB 35mrad + beam div 0 ]
60F [ taKeH Gt 35 Fotation
50F
40F
30F
20F
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O:J---_._.J""‘J .11.-1- ' PO R R T
0 100 200 300

Neutron pz [GeV/c]

Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments Blue taken out rotation + boost

Neutrons: Before/After “afterburner”

.............. ol —
C ] o 80: =R Before AB
aF . 4k C - After AB only 35mrad
o ] [ E taken out rotation + boost
] BeAGLE_eau_1 10x18 ) a5k ] .. 70; - After AB only 35mrad
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T 1L ® F =
@ of [ @ of » 40F
o | . o C
1.5F - 1.5F 80F
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1 b 1 20
E I 7
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o o 70 E taken out 35mrad rotation ]
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments

Neutrons: Before/After “afterburner”

BeAGLE _eau_110x18
ip8_eau_110x18_ca (corrected 35 mrad)
ip8_eau_110x18_ca (no correction)
ip8_eau_110x18 (corrected 35 mrad)

o Unlike proton distribution, with
beam divergence ON (red
distribution comparing to )
neutron azimuthal angle has
some modulation.

L:> Brookhaven

National Laboratory
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments Blue taken out rotation + boost

Neutrons: Before/After “afterburner”

——— ] 3 e e
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3 10 o~ 0.2
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments

Photons: Before/After “afterburner”
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] r 4 r -— After AB only 35mrad k
E 107" taken out 35mirad rotation 3
. BeA GLE_eaU_1 10x18 E E -— After AB only 35mrad 3
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments Blue taken out rotation + boost

Photons: Before/After “afterburner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments
Photons: BeforelllAftgr “aftl‘erburner’:

<107 —————
! ] ] C — Before AB
;\1\' 1 ] 10 E r — After AB énly 35mrad

90f

80: it . g 0.25 taken nm!’iﬁmrnd rotation.........—J
_ BeAGLE_eau_110x18 : Jf "\,Il | 5 ] : S W v ]
ip8_eau_110x18_ca (corrected 35 mrad) 70F ra \,\ P ] 1 I with 35miad rotation + boost
; . E n ] E E r [ |
ip8_eau_110x18_ca (no correction) 60F : 4 ; b e ] 0.2p i |
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Fragments Blue taken out rotation + boost

Photons: Before/After “afterburner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Nuclear Remnants

Fragments: Bg_gfqrg/Afterzfl‘laftgrl;)_u rngr?
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Final-state Nuclear Remnants Blue taken out rotation + boost

Fragments: Bz_gfqrg/Afterz‘l‘_aftglrl:),urnme.r’”’
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Nuclear Remnants

Fragments: Bgfo‘re/After ‘l‘aft"e'rbzurnogrf’l
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Normalized histograms by scaling by 1/integral and taking width into account
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Final-state Nuclear Remnants

Fragments: Before/After “afterburner”
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Final-state Nuclear Remnants Blue taken out rotation + boost

Fragments: Bgfolre/After :‘I‘.aftlelrbzu rner”
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Normalized histograms by scaling by 1/integral and taking width into account
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Summary

o Created a couple of configurations in afterburner to test

o Shown that t distribution matched after removing crossing angle for two samples (crossing
angle only and crossing angle + beam effect)

o Observed that “t invariant” in reconstruction using particles in central region

o Regarding each particle distribution

o For scattered electron and vector meson, boost and rotation effects together (taken out) reflect on
original particle distribution in central region

o For final-state protons, neutrons, and photons, their distributions make sense except for some
modulation in azimuthal angle for 35 mrad correction, however, with rotation and boost, then their
distributions doesn’t make sense at all

o For final-state nuclear remnants

o For sample of only crossing angle effect, observed some smeared p, and p, and azimuthal angle became
strange. Other than that, it looks reasonable

o For crossing angle + beam effect, observed that too large smearing happens in p, and p, after beam effect

and it relates to beam divergence at some level, but it cannot be entirely explained by that
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Next Steps

o Take default ip8 setting (crossing angle + all beam effect: red distribution) and do
correction on rotation and boost to see if red distribution reflects back to BeAGLE
(before “afterburner”: black distribution) distribution

o For sample with correction on rotation and boost (final-state fragments)
o Check why there are two grouping in and what makes correction is applied or not in terms
of kinematics
o Regarding nuclear remnants
o Varying other configuration variables from default setting (crossing angle + beam effect)
o Forinstance, beam divergence only turn OFF, beam bunch turn OFF, ...
o However, it is hard to turn off all throughout "afterburner” code (can be missing some)
o Some toy model to understand each piece (with Alex and Brian)
o Run PYTHIAS8 with heavy-ion collisions (ex. 2°Pb incoming beams) would help?
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