Measuring gluon polarization in the

nucleon via open charm production
at the EIC

P TS
H B o |
o i J--.‘;. L
= -+ N
Y o s
¥ \}-_
T LY
W g n L T
(» :.' - ol J y
-

Yuxiang Zhao (yxzhao@impcas.ac.cn)

Institute of Modern Physics, Chinese Academy of Sciences
Lei Xia

University of Science and Technology of China



Outline

sIntroduction

=Description of the simulation at the EIC

sResults and discussions




Deep inelastic scattering and PDFs
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*Observe scattered electron/muon [1] S inclusive
*Observe current jet [1]+[2] - semi-inclusive
*Observe remnant jet as well [1]+[2]+[3] = exclusive




Experimental observables VS PDFs

Experimental observables

Quark-Parton Model

Unpolarized cross section QPM
QZ << MZZ
: ] FQ(I) = 2z Fi(x)
Unpolarized structure functions |~ .
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PDFs
Unpolarized pdfs

f,(x)=a'(x) + g*(x)
Fy(z) == Z Eg(ff(r) + f{(z))
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Polarized pdfs

Helicity distribution

Ag=q'(x) - gH(x)

01(2) = 5 3 2 ()
q

@




Unpolanzed PDF's

0.9_

0.8F

0.7}

0.6

0.5

0.4f

0.3f

) IIIITIII llllllll I FrrrrT

- NNPDF3.0 (NNLO)
xf(x,u2=10 GeV? )

a)

1072 10~
X

0.4

Polarized PDF's

0.3}
0.2}

0.1}

I IIIII[II I I ITIIIII I UL

| NNPDFpol1.1 (NLO() .
i xf(x,u?=10 GeV*) _

c)

] IIIIIIII | IIIIIIII | Ll L iaLil

107 107 107




What “heavy flavor” production can contribute

Open Charm “SIDIS”: e p—~>(e’ & DO0) coincidence + X

Experimental observable: Double spin asymmetry
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First measurement from COMPASS
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Limitations at COMPASS
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* No vertex detector to take advantage of decay topology = large background

* Low luminosity and finite acceptance = limited statistics
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=Description of the simulation at the EIC




Strategy of the simulation

Events generated using PythiaeRHIC (Pythia 6.4)

N

Smear event by event according to the “detector matrix” ( Sooraj ’s “fastsim’ at LBNL )
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Search Pion&Kaon pair DO X% K—gt

-

Reconstructed DO




First look at the sample: Cut flow study

(1)
Q2>2GeV? > . @
0.05<y<0.8 Tru-:h FID DO decafy)topology PID acceptance cuts
W2>4 GeV? Charge selection
Pi+&K- or Pi-&K+

Refer to Sooraj ’s talk: | ° Cutsondecay topology: cos(Br) > 0.98, dL > 40 um, pair do< 150 pm

Pseudo-rapidity region PID Momentum upper limit
(GeV)

<-1 1

[-1,1) 5

[1,2) 8

[2,3) 20

Otherwise Not analyzed yet
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Cut flow study

Charge selection: 7K or K"
DIS cuts 9
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Cut: (1)+(2)+(3) , cut: (1)+(2)+(3)+(4)
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Bjorken x VS Q* coverage

18 GeV x 275 GeV
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Binning on x-Q-

18 GeV X 275 GeV
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Events in each bin (18 GeV x 275 GeV)
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Events in each bin (18 GeV x 275 GeV)
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Events in each bin (18 GeV x 275 GeV)
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In general, signal is quite significant in each bin




Fitting results (18 GeV x 275 GeV)

Xmin Xmax Q_'[?[]_in Qﬁlax NSignal NBackground =i
0.00005 | 0.00034 | 2.00 | 262 | 291077 | 165375% | —0.246
0.00005 | 0.00034 | 2.62 | 5.43 | 286677, | 1486715 | —0.431
0.00034 | 0.00065 | 2.00 | 2.82 | 293417 1206“1?73 —0.118
0.00034 | 0.00065 | 2.82 | 4.13 | 3082%7 | 114471 | —0.199
0.00034 | 0.00065 | 4.13 | 10.27 3122+§3 13331158 | —0.467
0.00065 | 0.00113 | 2.00 | 3.16 | 2698%% | 95471% | _0.065
0.00065 | 0.00113 | 3.16 | 5.24 | 30941% | 9201133 | —0.162
0.00065 | 0.00113 | 5.24 | 17.62 | 3494 7> | 118211 | —0.410
0.00113 | 0.00164 | 2.00 | 4.46 | 27491% | 78571% | —0.055
0.00113 | 0.00164 | 4.46 | 2547 3501+$§ 100811%% | —0.278
0.00164 | 0.00245 | 2.00 | 4.94 | 2918%% | 7001% | —0.043
0.00164 | 0.00245 | 4.94 | 37.95 | 3674173 | 9751130 | —0.240
0.00245 | 0.00439 | 2.43 7.00 | 3218%%8 | 54211% | —0.044
0.00245 | 0.00439 | 7.00 | 67.52 | 3952178 | 958f1% | —0.221
0.00439 | 0.38368 | 4.39 | 17.81 | 3863%7 | 552732 | —0.055
0.00439 | 0.38368 | 17.81 | 1560.12 | 448715 | 119511 | —0.208
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Projections VS existing knowledge on PDFs
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3 EIC projections VS world data (Q” is different for each data point)
——=—— EIC 18 GeV x 275 GeV, 10 fb’!
. EIC 5 GeV x 100 GeV, 10 fb™!

calculation using NNPDF unpol + pol PDFs

| calculation using NNPDF unpol + pol PDFs
——— COMPASS LO result
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Summary and discussions

A
" ?‘g measurement is feasible at the EIC taking advantage of good vertex and PID detectors

» Different from relying on QCD fits to inclusive and SIDIS double spin asymmetry measurements

= A LO projection study was done

= Double spin asymmetry in the e’&D0 coincidence channel can be nicely measured at the EIC, to
interpret the data at LO or NLO depends on the theoretical inputs

» 1 will be more than happy to discuss and collaborate with whoever is interested in this topic at the EIC

Thanks
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DO reconstruction

. Momentum vertex PID
Pseudorapidity range . .
pidity rang resolution resolution
_ i kip
35t0-30 Oplp= p-Range (GeVic) |  Separation
-301to0-25 0.1%50.5%
Backward Op/p
25t0-20 Detector 0.1%0.5% T8D
-20to-1.5 Qp[F!
-15to-1.0 0.05%%$0.5%
-1.0 to -0.5 Oxyz =20 um, e
-05t0 0.0 Central Detector Ranel oplp ~5%orlessX | dolz) ~dolrd) ~ -
0.0t0 0.5 ~0.05%xp+0.5% 20/p7GeV pm + 5
05t010 Hm
10t015 5 Gev =30
oplp
15t02.0
° ~0.05%xp+1.0%
20t025 TBD =8GeVic
25t030 Qp/p_- 20 Gevie
30to35 0.1%xp+2.0% <45 GeVie

« How fastsim is implemented:
- Smear the momenta of final state particles according to the momentum
resolution in the above table
« Using the smeared momentum, smear the vertex position of tracks according to
the vertex resolution given above
 Fold in the primary vertex resolution when reconstructing topological variables
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