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Overview

AIM: Study feasibility of direct measurements of nuclear gluons
at x >~ 0.1 using heavy quark probes with a future Electron-Ion Collider

Nuclear modification of gluons

Open charm/beauty as direct probe

Simulation tools and methods

EIC simulation results
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Nuclear modification of partonic structure

Investigate feasibility of direct measurements of nuclear gluons at x > 0.1
using heavy quark probes — open charm, beauty — with EIC
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2 1'% antishadowing at x ~ 0.1
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Nuclear PDF parametrization EPSO9 Eskola et al. 2009 t+he nuclear enhancement at x ~ 0.1 ?
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Charm and DIS cross-sections I
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e - U
Charm and DIS cross-sections

Calculate differential cross sections using LO QCD formulas
and integrate cross section over defined x and Q2 bins

/ 2 2 2
do(e+ N — e +X) = Flux(z,y,Q°) Fy(z,Q*) dx dQ (1)
do(e + N = e +cc+ X') = Flux(z,y,Q?) F5(z, Q%) dr dQ* (2)
, DIS and chaim cross sections, integ over x bin, integ over Q2 up to kin limit. Proton, Sep = 4000 GeV2
10° —— T Here s(eN) = 4000 GeV?,
Solid: DIS 0> 100GV, corresponding to 10 on 100 GeV
ashed: Charm 0% > 30 GeV?
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R 000
Methods of Charm reconstruction

1. Exclusive D-mesons decays using PID and Vertex cut
« Decays into charged hadrons
« Semi-leptonic decays

2. Decay length significance
« Kaons or pions vertex displacement

3. Charm with large PT in photoproduction. ???
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e - .
Charm at HERA

« Charm fragmentation to other mesons is measured.
« First measurements without microvertex - D* golden channel
* Later measurements with microvertex to resolve primary and secondary vertices.
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e - U
Charm identification at EIC

High intensity beam ( L~ 1034)

100% Total acceptance including far-forward area
Excellent Vertex detector resolution

PID for charged hadrons

h. / Decay BR Y h oo
Dt  23% K-rtnt 9.2% Ds: 02%
D*t  23% (K—n")po 7l . 2.6% Ac:  0.4%
(K—ntntn )po 7., 5-5%
DY 9% (KYK)snt 2.3% )
Ag_ 8% pK_7r+ 50% Total: ~10%
J}Tehff'nf's;Je?ffesrsonmatileangceleramrFacility YU“G FLII’"CTOVG 8



—!! EIC
Ve I"TZX GEANT4 ver"rex de‘rec‘ror{

-Reconstruction of a primary vertex N L
-Reconstruct secondary vix: Tagging of ¢ and b 4 \ \ J L/ s
quarks (decay length ~100-500um) PR L Sk

-improve momentum resolution of outer tracker ~ el

-provide stand-alone measurements of low-Pt
particles
-dE/dx measurements (PID ) for low Pt particles

- MAPS (STAR, ALICE) |,
EIC R&D is ongoing

- DEPFET: BelleIT PXD
1 ladder : 0.19 % X,

-thickness 50pum @@laJ@/eM\\\
-Integration time ~10ps X\/i e \>\

-Vertex resolution ~23um

* Vertex detector is a closest to IP detector.
Background increase an occupancy,
therefore a high granularity detector is
needed (pixels).

«  Multiple scattering: low material budget
detector

« Beam related background could cause a
radiation damage.
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Particle

identification

m and K from DO decay

Total momentum and PT vs pseudorapidi‘ryl .t/K separation up to ~10 GeV

Ptot vs Eta pi,00

Ptot vs Eta K,DO
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Electron end-cap:

Modular RICH

«Modular aerogel RICH (eRD14
detector R&D)
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.radially compact (2 cm) Cherenkov

detector
-Particle identification (30) p/K <
10 GeV, /K< 6 GeV, e/m< 1.8 GeV
.eRD14 R&D program (test beam
with PANDA), radiation hardness
TesT

JLEIC design geometry

Hadron end-cap: dual radiator RICH
constraint: ~160 cm length

. Aerogel in front, follogved by
CF4

.covers energy for m/K up to
50GeV

.Sensitive o magnetic field=>

«New 3T solenoid minimized a

field in RICH region




R 000
Selection Cuts

Pythia 6 (ep 10 GeV x 100 GeV )
Kinematic cuts: Q2>10 GeV?, x>0.05
L~0.01 fb-!
P+ >0.1 GeV
VTX cut ( DO~ 100 um, D+ ~300 um
Ds ~150 um) R T § L.,
o PID cut: Frorieen P P00 (GeY)

-4 <n<-15

pt<10 GeV (e-endcap, Modular RICH

-15<n<15

p‘r<6 GeV (barrel, DIRC)
15<n<4

pt<60GeV (h-endcap, dual-RICH)

K from DO - slow m from D’

Wlwpe BN

12 14 1 12 14
T K,D0 (GeV) PT'pi_s.D" (GeV)

Charm direction:
Electron end-cap: ~1.5%

Barrel: ~78%
Hadron end-cap: ~20%
Far-forward: <05 %
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LR TR
DO mass plots
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With PID
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Pythiab
DO->m + K

Q2510 GeV, x>0.05
L~0.01 fb-!
Pt >0.1 GeV

VTX>100um
PID
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RN
DIS (Q2510 GeV, x0.05, L~0.01fb-1)

" %2/ ndf 0.8418/10 - 2 ¢ ndf 0317875 - - 22/ ndf 0.01805/5
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HVQDIS, Pythia and HERWIG

NO B :g'ltries 1 47§gj § E :EE:ﬂries 1 4722151
Q Mean 0.7349 % — Mean -3.396
%1 0 3 - o RMS 0.5061 . RMS 0.9840
- 103
10 2 =
= 10 2 = o
) o
10 & ——— Pythia ° . ——  Pythia
-  —  Herwig 10 & ——  Herwig
i O HVQDIS o § O HvVQDIS
1 B I i
IR YT SNSRI R L by 1 I B R R S RN S B RN R R
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Q? log(X)

HVQDIS, Pythia and HERWIG comparison at high-x is ongoing
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Decay length significance at ZEUS

Jet axis

Secondary
vertex

Projection
onto Deca
jet axis lengtﬁ
Beam spot
7 J2D
d = (IQD : {,—
72D
B AX '\ Jep
AY |J2p|
_ thcv - szp . .jQD
thcv - }/EJSP |j2D|
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Reconstruct jet
Reconstruct vix

Decay length projection
onh jet axis

(-) if in wrong semisphere

Decay length significance
S=d/sd

M, x: (assuming all tracks
are charged pions)

Subtract LF from wrong
sign

S in Mvtx bin

Yulia Furletova
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Figure 2: Distribution of the subtracted decay-length
For more details, see the caption of Fig. 1.
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RN TR
Decay length significance

Kaons vertex Q2>10, x>0.05
- VTX > 100 um

Events

BGF (charm)
10°
Eff: ~205 %
Minbias:

Eff: 3.5%

102

S/B=5

To do: Number of charm
in DIS sample !l
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RN
B-tragging

@

« Reconstruct jet

Secondary
vertex

e Reconstruct vtx

Projection
onto

U+

Deca
1engt¥1

« Decay length projection on jet axis

Beam spot

* () if inwrong semisphere

« Decay length significance S=d/s§d

"Measurement of beauty and charm

. *
Photoproduction using inclusive secondary Reconstruct the mass of D
vertexing with the ZEUS detector at HERA"

Verena Ellen Schoenberg * Subtract LF from wrong sign

e Sin Mvtx bin
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Charm in PHP
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PHP (Q2<1 6

Events

¥2 / ndt
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Q2<16GeV
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Summary

« Study feasibility of direct measurements of nuclear gluons
at x >~ 0.1 using heavy quark probes with a future Electron-Ion
Collider
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