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®* Lots of interesting physics to do with heavy-flavor quarks

2 Charm + bottom production

o O O |/|\|
Heavy-Flavor 1n e-p(A) Collisions  Eli
1.50 . ® D0 mesons (lower energy)
e 1 ® Pions (lower energy)
o ' O ns (higher ener
= DO | ¢ e p b
‘d e Wang, pions (lower energy)
. 1.30] Wang, pions (higher energy)
2
o
Y & 5 7
[s] 5 > 1,}"-?— Q 1-r pion . 1-¢ DO o
= _“Q\.j"r\ - 1103 ematic {) , systematic e y <
>w * e . N sysamatc H . Sytomat present uncertainty EPS09
| ““» 3 | BRF +} 44 * = with EIC F,(charm)
> - ' ~ N
3 0.90. E o 2 2
o < + 53 u =2 GeV
h o ! A =56
. © 0.70 ]
y* & . = n >
N ,g%f’ - . S -
e ~e— 0. - —
g O : <
2 050 arXiv:1212.1701 S0
(4] 0.01<y<0.85 x>0.1, 10 b @
o Higher energy - 25 GeVZ Q% 45 GeV’ 140 GeV < v < 150 GeV o=
Lower energy : 8 GeV'< Q<12 GeV’, 32.5 GeV< v <37.5 GeV v
0.30 , : T i r -
0.0 0.2 0.4 0.6 0.8 1.0 S
=
=)
p—
<
&
Q9
-
Z.

o0 Cold nuclear matter effects; Charm+bottom hadronization ArXiv-1610.08536 and 1608 08686
2 High-x charm production + improvement to gluon nPDF 0.01 1 l
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2 Quarkonia production

2 Gluon contribution to nucleon spin
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https://arxiv.org/abs/1212.1701
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e PYTHIA setup

® Charm and bottom hadron distributions in e+p collisions
¢ Fast simulation setup + primary vertex (PV) reconstruction studies
e D0 + B reconstruction studies

® Summary
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PYTHIA 6.4 Setup )

BERKELEY LAB

Subprocesses included

¢ EIC tune provided by BNL group Subprocess _ [# |Description

soft VMD
(https:/ /wiki.bnl.gov/eic/index.php /PYTHIA) TN ovn ot Temene v

VN—- XN 92 |single-diffractive VMD
® Minimum QZ =1 (GCVZ) VN — VX 93 |single-diffractive VMD

VN- XX 94 |double-diffractive VMD
® N() radiative corre CtiOIlS VN X 95 |soft non-diffractive VMD low-pT

QCD 22

¢ Simulated beam energies (in GeV): 9 |semihard GCD 22
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s /.8 € _I_ 275p qq — qq 11 |QCD 2 - 2(q)
0 O p _I_ 1OOP q gbar — q gbar|12

e-p program qgbar~gg |13

s 5 € T 100]) gq — gq 28

0 5 0+ 4-/]9 qg — qg 28 |QCD 2 — 2(g)

A

o0 18 ¢+ 1 Op e-A program 99 — gg 68
o 10e+ 110 p

-

\

|-

gg — q qbar 53

DIRECT

v:Tq—qg 131 | (transverse) QCDC

® 18 GeV e + 275 GeV p mostly hlghhghted h@l’ﬁ fOl’ heavy- v:Lq— qg 132| (longitudinal) QCDC

ﬂaVOr Stl]dies v+T g — q gbar |135|(transverse) PGF

v+L g — q gbar |136|(longitudinal) PGF

M. Kelsey


https://wiki.bnl.gov/eic/index.php/PYTHIA

log(QQ?) vs. log(x)

N

A

Frfrrrrrrf "II

BERKELEY LAB

3_e+p18x275GeV ......... T '......'_. _. :

DIS

“e+p 18 X 275 GeV
SIDIS tagged D’ ‘

DIS

I I LI
I | I I

L L

1 I I T I I I T

L

SIDIS tagged D’

L l 10

IIII[IIII
IIIT[IIII

| 'e+p10x1OOGeV‘

e+p 5 X 100 GeV
SIDIS tagged D’

DIS

T T | T
| | | I

R
!
I

—i
| | | 1 I 1 ] | 1
| L L L I LI L L

| e+p 5 X 41 GeV
SIDIS tagged D’

* Energies for electron + proton collision program
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¢ Comparisons between DIS and SIDIS with tagged charm or bottom hadron
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Heavy-Flavor Distributions
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Large portion of heavy-flavor
hadrons produced within |[n|<3

Similar distributions for all
heavy-flavor hadrons

Standardized plots will soon
follow
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e Recombination with beam

remnants (bu vs. bu)? Feature of
PYTHIA?

log (p [GeV/c])
log (p [GeV/c])

lIIIIIIIIIIIIIIIIEIIIIIIIIlllllllul_lllllil:lu [l -_--=- Rl LW L T
- - il T s - ————— == o)

O R PHLT R R O T H O LR R S “""“"'"'"”1'"””""'”'“"'"E""'""""””""E"“""“""|-'"“'l"'E'”U""”'“1""'“'E"'""""””""'”!"""“""“"""" """"""""""

M. Kelsey



-~

A

Heavy-Flavor Decay Distributions [l

BERKELEY LAB

e+p18x275Gev ~ Kfrom D'decay :I

! a E E E ! ! 7
SRR = 7723 B i S S S— 0 S D2V £ N

e +p 18 x 275 GeV
N = 724188 ° Int. L =5.50%b"!

ey

5 iy ___E— ol
—_:;'3 : - ._-!_.gl_il__
i Dt __._'—_'—: T

1 1 I 1 I I 1 1 I
n from D° decay El

log (p [GeV/c))

10
N

10

Log (p GeV)
Log (p GeV/c)

R o e CERTL e Seessavaseriianeane R LT T PP

----
IIITIIHIIIIIIIIIuIII’fIIl’lIII+II_ rHE HH

- - ETw [ -

: - ™ IlI;I_ITj_IIIIII-IIIIIIE |||||||||||||||||

E 1 >
- 1 _
O e s, R e : X
- 0 ':" """""""""""""""""""""""" L] ""':
1 T AT S - 2 T A - 7
B —l :"' """"""""""""""""""""""""""""""""""""""""" - e ""_"
| 1 | 1 | | | I 1 | | 1 _6 _4 _2 0 2 4 6 8
° 0

" Int. L = 1.25; fb-1 | |
210 _5 0 5

CInt. L= 125 fbl
| I |

£10 5 0 5 10 —8

¢ Charm and bottom decay products within |n| <3

® Similar distributions for other charm hadron decays and B— D*/Lepton decays
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High-x Charm Production il
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* High-x charm production (x>0.05) decay products mostly populating the forward region
® Peaks around n~2; Second peak from beam remnant contributions at n~4

¢ Mean momentum ~10 GeV/c
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* J/d production O(1%) of all charm events and is slightly peaked in the forward region

¢ Upsilon production surprisingly low; Still under investigation
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Charm Production Rate cecer?|
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® Total charm cross-section w.r.t. total DIS comparable between PYTHIA 6 and 8

* Note different collisional energies

e Similar to previous studies in arXiv:1608.08686 + arXiv:1610.08536
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® Bottom cross-section roughly 10% of charm for Q?>5 GeV?
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Tracking Electrons W/K/p
n Nomenclature -
Resolution Allowed X/X0 Si-Vertex Resolution of/E PID p-Range (GeV/c) Separation
00/8 <1.5%:10-6 < Q2 <
691t0-5.8 low-Q2 tagger 10-2 GeV2
Auxiliary
LPIA Detectors
4510 -4.0 Instrumentation to separate
-401to-35 charged particles from photons
-3.5t0-3.0 N
op/p ~ 0.1%$0.5%
-3.0to-25
-25t0-2.0 Qp/p 0.1%%$0.5% =7 GeV/c
-20to-15 o 0.05%BO0.5% h . / /
Op/p 0.05%%0.5% T suppression up to
15t0-10 - ttpS. /,
-10t0 -0.5 | N7 1
° physdiv.jlab.org/
-0.5t0 0.0 Oyyz.~ 20 um, do(z) ~do(r®) Y
Central Detector Op/p ~0.05%x*p+0.5% -5%orlessX | Y% T o
0010 0.5 % ) ) ) = 20/pTGeV um + 5 um =3Geli DetectorMatrix /
05t010
1.0to15
< 8 GeV/c
15t02.0 Op/p ~0.05%xp+1.0% (10-12)%AE
20to25
<20 GeV/c
251030
gplp ~ 0.1%xp+2.0%
30to35 < 45 GeV/c
3.5t04.0 Instrumentation to separate
401to 45 charged particles from photons
Neutron Detection
te
Gintrinsic([t)/t| <1%;
>6.2 Proton Spectrometer Acceptance: 0.2 <pt<1.2
GeV/c

¢ Charm and bottom reconstruction studied using fast simulation smearing of PYTHIA 6.4 output
* Momentum and pointing resolutions taken from detector matrix page as baseline (focusing on central detector |7 |<3)

* Working assumptions: Perfect tracking and PID, and central transverse pointing resolution extends to || <3

LBNL
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Studies of Primary Vertex Resolution [l
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¢ Charm and bottom reconstruction significantly
effected by PV resolution

o e-p(A) environment more difficult than p(A)-p(A
p(A) p(A)-p

* Primary vertex fitter

o Charged n, K, and p within [n|<1 (or 3) smeared
with fast-sim setup

o Jeast-squares fit of vertex x-y using using a seed of

x=y=0)

o Reasonable starting point assuming constraint from
electron beam profile (6~20 pum)

DCADOI‘

o Second vertex z fit with seed = average particle z Primary Vertex

DCA)

M. Kelsey
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All DIS Events HF-Tagged Events

; g n+K+p 5
107" 'W;‘* """ S $ T Mty 27

PO A P S S— 1R T -

-

Fraction of Events
Y |
Fraction of Events

> f

L =

2 f

T f

~ ) i‘] ....................................................................... 3 IU .................................................................... zﬁ.}. ...................................
Multiplicity

Multiplicity
* Average multiplicity higher larger rapidity window
* Multiplicity higher in heavy-flavor tagged events (note not removing HF daughters)

*Averages exclude mult.=0 case
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o . A
Primary Vertex Resolution )

BERKELEY LAB

MAMMNLA A e e M e b
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4() el s fssssg s
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Vertex Resolution (ULm)
Lohdad
.|.
N

[—
-

-
[S—
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o
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Multiplicity
® Vertex z resolution worse due to fitting routine (i.e., z-dimension resolution inflated by r¢ uncertainty)

®* Average vertex ry resolution for HF tagged events ({mult.)~9): ~16 pm
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-Ro' 00<;> <0.5 GeV S L'~' '0'5<;) <'10'GeV . o 1‘0<;) <Y2O'Ge\‘l I
[ % #D° = 4703 {, o, #D" = 6888 ; : #D° = 8016
A S/B = 0.100 1:0000- S/B = 0.094 - 2000}- S/B = 0.198 -
5000+ ~ _ 4 P
. - Inl <3.0 - : - . 'w )
e All Kr pairs taken from PYTHIA ! cood ] 0000F
output (no vertex requirement - : : i §
put ( q ) 0000 ) | | sooo ‘
. . Q2> 1 GeV/c | : - : . :
* Background from combinatorial and | Luminosty = 0.013 b 0000}- “'-\-’ 6000} ~—
partially reconstructed charm decays 16 18 2 2z 16 18 2 22 16 18 2 22
M, [GeV/c?] M, [GeV/c?] M., [GeV/c?
u 72;)<I <'30'Ge\'/ AR B I '3;)<] <'40'Ge\'/ S 200 ‘410<] <Yeovee\‘/ T
* Good S/B compared to hadron- | Pr A I P s || T 100
° ° 2 - . - « !
hadron collisions OOO: S/B = 0.489 : _ S/B = 0.667 el S/B = 0.682
- {400 - -
o ptp (1/100 @ Vs= 200 GeV) soal 1 |
. H 17 1100}
o A+A (1/10000 @ Vsxn= 200 GeV) P, | ~
1000} - 200§ LR =
: ’ ‘ : 50
’ ¢ TN ..i _ ' “”M“ ‘o“
16 18 2 2z 16 18 o 2.2 1.6“‘1.8“‘2 2.2
M. [GeV/c?) M, [GeV/c?] M., [GeV/c?]

Note: €(20 GeV)+p(100GeV)

M. Kelsey 18
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D9 pt range of 1-2 GeV/c for example

o Only transverse impaCt 10_1E 1.0<pT<2.0 GeV _ 10—15&‘ 1-0<DT<2-0 GeV _: 1 1.O<pT<2.O GeV
: Int Luminosity = 0.013 fb! ° % 1 10
parameters (do) looked at N st Y : 4
10—25_ .‘\: | 3 10_22_ ... \’ 5 10—2 1.\
® Possibility to add longitudinal N § AL e
. . o o [ W “ 1 _3” + + 1 1072
dimension for additional 10-3L 1 107% f ” fﬁ - ’?} :
. : z : : g
improvement _ M** mﬁ LDy l L ﬁT ﬂmﬁ : r
10-4;_1111.1111 H mj"O—“?.“ll NP PR TR | .1 Y (| THPYNP| PR A
. . 0 200 400 600 800 100 0 200 400 600 800 100
® Usmg a rg vertex resolution of 0 <00 4000 o0 ncai?r%))[p‘::l)]o K dq(ro) [u m) pair d_[u m]
0
ZOp,m R I
1.O<pT<2.OGeV 1.0<p,<2.0GeV
107"
iy
15} ‘ )
107 % Signal
-
ol N \\Mﬁ Background
et}
107 # w
0 200 400 600 800 100 0.9 0.95 1
decayLength"o (U m] cos(6,)

Note: €(20 GeV)+p(100GeV)
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D9 pt range of 1-2 GeV/c for example

® Only transverse impaCt 10-1 E 1.0<p,<2.0 GeV _ 10_1E&z 1.0<p,<2.0GeV _5
- - . 1 o - -
parameters (do) looked at £ Ut e B 9 ‘
0o 3% 3 10%F 3 % ‘
® Possibility to add longitudinal : . *% + :
dimension for additional 103k 1 1079 f ﬁf 4 1
improvement ' m&r j WM l f
10—45_1 o . wg 10—41?‘ P PP A - el NPT | PP [P
: : 0 200 400 600 800 100 O 200 400 600 800 100
¢ Using a rg vertex resolution of 0 200 400 600 nggr% wm K dg(r0) [ ] pair d_ [ m]
20 um I
1.0<p, <20 GeV 0
e “By-eye” cuts chosen: :
Signal
o cos(Orp) > 0.98 S
Background
 dL > 40 pm
® Pair dO < 150 Mm N P PP 1 A :
0 200 400 600 800 100 O. .
decayLength (1 mj] cos(6,)
* No optimization or pr dependence Note: e(20 GeV)+p(100GeV)
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DV Reconstruction w / V criexing ceeeeed]f
BERKELEY LAB
OUU T Y T | T 4 Y | Y Y Y T 3 T T T T T 1 T Y T T T T T T T T T
] 0.0<p <0.5GeV ] ] 0.5<p <1.0GeV ) 1.0<p <2.0GeV
i #D° = 629 1 1500- #D° = 2098 _ - #D° = 3739
600- S/B =0.503 _ - S/B = 1.050 1 2000 K S/B = 4.347 -
4 S/S+B = 14.51 : i K S/NS+B=32.78 - S/\S+B =55.13
400!_,%,, nl < 3.0 1 1000- : . .
° ° ° i : ;.. + : 1000; + _."
® Significant reduction of _ TN * 1 ! .
. 200+ ~ 500._ - 5 ]
background and improvement - I e L I .
£ o 1 si Te " Int Luminosity = 0.013 fb-" ] ] . ! \“J .
of signal significance e S A SNEDERETE S S 9"""*-'*'---1
. . 22 6 1.8 2 " (Gev 22].2 6 1.8 2 " Gov 22].2
.. M. [GeV/c .[GeV/c « [GeV/c
¢ Room for additional ————T T ] YT T ] W7 T
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Note: €(20 GeV)+p(100GeV)
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DY S/B and Efficiency =

BERKELEY LAB
U= — 5 ' r
- = 2 1t nl <3.0 -
B - £ . ¢ t -
I i - e Signal 7
1 B - Background -
B - -1
B — w/0 vertexing _ 10 - * ? + =
— w vertexing - ° _
107" = = i :
- | | | | | | | | | | | . — | 1 I | I I | | | | I —
0 2 4 6 0 2 4 6
p_ [GeVic] p. (GeV/c)

® Reiterating nice improvement of D’ S/B with vertexing
o Factor of 10(2) tor high(low) pr

* Modest signal efficiency with “by-eye” cuts
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B—D0/¢ Reconstruction
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BERKELEY LAB

e+ p (18+275 GeV)
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|
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)

¢ Using distance-of-closest approach of D?/e candidates w.r.t. PV to separate prompt D and B decays

®* Good separation of prompt and B—D?/e
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All-S1ilicon Detector Concept )

BERKELEY LAB
Central barrel Forward disks
A A
- |5 5 |5 |
| —— IA S g & & - &
—— 2 8 %% =% =¥
‘ =‘
: : A 4 4
s 5§ 5 0§ &
® Six barrel pixel layers + five forward pixel disks provide tracking up to |n|=4
* From open heavy-flavor perspective, all-silicon detector better suited = Factor of 2-3 increase of |,
o Better pointing resolution, good dp/p > 5GeV/c, etc. : statistics with [n[<1—-3 |
= High-x charm production at:
i
: n~2, <p>=10 GeV/c :
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Summary ceceen)

BERKELEY LAB

® We have studied charm and bottom kinematics in PYTHIA 6.4 and 8
simulations

¢ Charm and bottom hadron reconstruction studied using a fast simulation
guided by (evolving) detector performance parameters Momentum resolution
Qp/_p
~0.05%x*p+0.5%

¢ Current tracking performance essential for open HF measurements;
Good forward tracking will improve charm+bottom precision

Pointing resolution [y [<1

To-do
. . . do(z) ~do(r®) ~
®
Further studies of tracking perforn.lance. + PV vertex resolution and 20/pTGeV um + 5
impact on heavy-flavor reconstruction with updated detector concepts um

¢ Standardized acceptance plots

®* Projections on physics observables (e.g., nPDF uncertainty)
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PYTHIA Processes to ¢/b X-Section /\\ 'ﬁl

BERKELEY LAB
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A

1og<Q2> vs. log<x> gl

“erp 18X 110GeV T erp 10X 110 GeV
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O I DIS
g | .

| 1 1 1

DIS
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o

(@) :
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* Energies for electron + ion collision program
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PYTHIA 6 vs. 8 ceeeef

BERKELEY LAB

— 3r
> - ep 18+275 GeV 10°
G 25 —
g
- 2 10°
b.zg 15:_ ...........................................

11—

- 10

05—
0545 4 35 -3 25 -2 -15 -1 -05 0 |

Log, (x)

® Similar Q2 and x reach for both PYTHIA 6 and 8 (note statistics are different in each plot)
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