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Part 1
Jets at EIC
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e Denote angles in the detector by
azimuthal angle ¢

pseudorapidity n = — log tan(6/2)

\gb

Two divergences:
Pt

—— P, |00 4>—§-—>—'
ky < py

Collinear Soft

1e0eT(Gev) - Run Number: 160958, Event Number: 23181152
140 Date: 2010-08-08 13:57:31 CEST

Partons produced in hard
scattering

Parton radiation
Hadronization

High possibility to get a spray of
collimated particles with high
momentum

And also low momentum
particle under wide angles

» The evidence of di-jet: two sprays of
particles are detected.

» Jets carry more information on the original
partons than hadrons



Di-jets at EIC from PYTHIA

Resolved Direct
e Photon-Gluon Fusion & QCD-Compton
\’% v Y,
7= W . |
X, i_’_ @_ q .
P (b) d q

» PYTHIA is used in the event generation. Fastlet is used for jet reconstruction.
» Anti-k; algorithm is applied.

> Di-jet events are selected by the cuts: trigger jet and associate jet p;>4.5 GeV.
» Do geometry matching in the simulation, we can tag quark/gluon jets.

AR{parton — jet} = \|A¢> + An*

4/17/18 X Chu, DIS 2018



q/g jet discrimination

fraction

counts
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T T T et ] oo qwark et T 1. Gluon jet mass s a little

14f N Hgluonjet 3 osf - gluonjet . ::° = higher than quark jet one.
o E 0.7F ° ° = . .
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E + E 06 . ] T
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06 . e T E 03k . ° E gluon jet.

0.4F - e - = = * 3 . L.

b - el E S R 3 3. Quarkjetis more

0 DT 03 03 Ga 03 05 07 08 051 o oi 0 osvacsoseresce s  collimatedthan gluon jet.

pL/pl

cone

4/17/18 X Chu, DIS 2018 6



TMVA Method

Plots are from Brian Page:

Background rejection

Background rejection versus Signal efflciency
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Cut efficiencies and optimal cut value

TMVA Signal purity

- H"x AR A A A S p— Signal efficiency*purity
C : : ] Background efficiency S/#sqrt{S+B}
- ' . ] z .t ] f f =
C —~ ] = 1 -
- ] e : =
- N ] 5 0.8 USSR . N—— ............................................ L
- MVA Method: N ] 5 I
- ——— MLPBNN N ] S i
E i F|sherG \\ E E 0.6 __ ................... ‘ .. ..... ........................ .......................... ................... g
= BDTG Ve L f ]
- —t— PDEBS ‘\ ] 0.4 - N ......................... ................... . ................... =
= Likelihood N\ L A : : : -
C _— FDA__GA \ ] 0.2 _4,.AFmAgio22As|gna|.a'id.23300b 3 ................................................... _:
- SVM - " events the maximum SS+B is: .
- \E B 57.7(?58 when cuttilng at 0.2043 I -
0 01 02 03 04 05 06 07 08 09 1 0 0 0.2 0.4 0.6 0.8

Signal efficiency Cut value applied on MLPBNN output

Toolkit for Multivariate Data Analysis with ROOT(TMVA)
For current study, place cut where signal purity = signal efficiency
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Underlying events (region method)

hara scattered parton

final state

radiation m
-
>

initial state -
radiation
multiple parton interaction

Underlying events: everything except the particles fragmented from the hard scatted partons

beam beam remnants

\

hard scattered parton

Trigger Jet M vy Toward: |AQ| < 60 degree,
Direction Transverse: 60<|A®| < 120,
\Aq: Transverse Away: IA(D' >120
= Trigger Jet is Jet with highest p;
¢ AD= O _part- O _Jetl
Toward Measurements:
Transverse 1. charged multiplicity density, sum pt density
Away 2. Density difference in 3 regions
\4
0 —
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Underlying events

> in 3.6 degree bin

ch
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(Nch Yin 1 GeV/c bin
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off-axis method

ot v’ In each event, we analyze jets with high momentum, jet by jet.
v" For each jet, we define two cones (r = 0.4).
v’ Each cone is centered at the same as the jet but +rt/2 away in ©
from the jet @.
wreews ¥ Take the particles from the two cones as underlying event.

Cone (minus)

n | \.

\

Phys. Rev. D 91, 112012 (20!]

c 06— T T T T e 06r—————7T——7T——7Tr— 1T
: F ¢ region method ] f c 3
8 0'55_ o off-axis method 4] 3 0'55_ E
e %F + 1 E %F E Results from the two different
= o ] C ] .
3 e + 13 & T3 methods are consistent.
T5 02f Rar e o i_+_ 1 /E\ 02F + i 3
b4 o ] r - ]
Z ok 1 @ oaf s +¢'—$ 1E:
r o o
oLt 11 ) PP S N I I U I T T
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_ %1-4:_'"I"'I'"I"'I"'I"'I"'I'_:
3 o, F* o'<oiGev®  region method
2 e 12 [ 0 1GeV?<Q?<10GeV? ] .
g F E Compared with data from STAR.
§ b 0.8;— 3
i‘ g 0.6 M . ,
S oaf E Zilong Chang’s talk tomorrow.
:'- 0.2;— 3
g 0'...|...|...|...|...|...|...|.
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Part 2
Photon structure @ EIC
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Di-jet in resolved/direct process

e e
Y
v q “Direct process” “Resolved process”
_* Point-like photon * Hadronic photon (with q 9
9 (no substructure) strcture) q/ 9
* X, isequaltol * X, 1s smaller than 1
P U * Di-jet production P v
PGF: Di-jet produced Similar with pp collision
v

n n . . . .
5 4 = Separate di-jet produced in resolved and direct processes, to get
K clear resolved process 1

Reconstruct x, by using di-jet as observables: X, = f(Pne Y+ prae ™)
= Two jets with highest Py
= Parton densities in the photon can be extracted by measuring

jet1 di-jet cross section

d’c -
Y pT
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Reproduce HERA data

Kinematics cuts from HERA: 5 1

27.5GeVx820GeV, 0.2<y<0.83,

| A 77jets| <1’ 0< ”jet1+ 77jet2<4
Eietl | B2 >7.5 GeV |

Bietl +Eie2 >20GeV,

| EjetlT_EjetZT | /<EjetlT+EjetZT)<0'25

Strong correlation observed between

X", and the input x;'”l’“’ in the
simulation indicates the di-jet

observable is ideal to reconstruct X,

Reconstruction provides a good way
to separate direct/resolved x™,
contribution( X,” < 0.75)

Our simulation results produce the
existing data well
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Unpolarized photon structure (@ EIC

20GeVx250GeV, 0.01<y<0.95, two highest pjets, , ptL.>5 GeV, pietl. >pic2 >4.5 GeV,
| 771¢ | <4.5, Inside the jet, stable particle p;>250MeV

5 [7) 1:103| T T T T T T T T =
g € osf 4, 3
e 3 £ w! E
o 08fF . e E 10
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05F + W E o 10 E,.. E

04F R 3 Fo A 3

E ¢ Resolved * Direct Ny 8 —*

0.3 ¢ B E T 10 —A— <
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A E

® Dijet method provides a good way to reconstruct x™, 10°F e 2

10°F . —h—

= Di-jet method can help us separate resolved/direct process W0k 1 ]

rec : JLdt=1 fb SRR

(x ~ 0.6) JE T xv=0.5.06 (x10% 3

10°F 4 x™=0.4-0.5 (x10°) 3

. . .- C A x7°=0.3-0.4 (x10%) ]

= 'The simulation shows the capability to measure the cross 10F w x*=02.03 (x10) T E

. .. . . . . . E & x*°=0.1-0.2 ]

section for di-jet production, with high accuracy in a wide T S S

. . . 2
kinematic range at EIC and extract the unpolarized photon dijet.o ,
PDFs from a global fit (p, ) [GeV7]
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Select jet from the photon side

counts

hadrons N, >0

electrons M <0

> €

Separate jets from photon side and proton side

x10°
1-8 [T rrr[rrrr[rrrr [ e T T T T )
- Jet from the photon side Jet from the proton side 3 = 1.4
1.6 qog—»>qg 00 mmeeees qg—qg = g -
f ——d4g>qq et qd-qq 1 o
1.4 :_ —gq—gq @@ mmmeees gg—gq _: (8] 1 '2
12F—99»°99 M\ ST g99—4ag = 1
'E E 0.8
0.8 =
5 : 0.6
0.6 3
- : 0.4
0.4 =
02F 3 0.2
0-3 5 0
jet
T]l

= Jet from the photon side dominates at more negative pseudo-rapidity region
= ~82% of delta pseudo-rapidity < 0

4/17/18
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Flavor tagging: quarks

0.9F 3
: B p_fraction>0.4 %
0.8 :_u quark P, i i

3 Bl p_fraction>0.7%
0.7F 3
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Polarized cross section

d*Ac
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Ll

102

di-jet
T

10°

) [GeV’]

=7 e ® APDFE, (x,,0%,u) ® APDF (x,,u)® do ;(6",0° , 1)

1
Aoc=—(c"" -0
2( )

= 'The simulation shows the capability to
measure the polarized cross section for di-
jet production, with high accuracy in a
wide kinematic range at EIC

= First measurement of polarized photon

PDFs with high precision

= Flavor tagging can also be applied in
polarized case

Input: polarized proton-PDF: DSSV-14
photon-PDF: Phys. Lett. B 337 373-375 (1994)
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Asymmetry

40.05¢
< C _ -1 _rec
0.04:__'-L_1fb,xy <0.6
F ®  max.poly
0.03
O min.pol.y
0.02 e
" ————
[ o ——
0.01F
oF ¢
N T T T TR TR TR T N
0.01 5 6 7 8 9 10 11 12 0.01 5 6 7 8 9 10 11 12

p:i'iet [GeV]

40.05p
-l

) ) = ) | B

< ]

0.04 3

0.03 E

0.02 l -

0.01 =Q=*=Q==Q=F¢d+ -:

=0t 3

0 -

- Ml B B BPEPEPEPE B BPEPEPEPE BPEPEPEPE B P EPEPEPEE BPEPEPEPE BPEPEPEPE B
0.01 -0.5 0 0.5 1 15 2 2.5 1 15 2 2.5

ndi-jet ndi-jet

Input: polarized proton-PDF: DSSV-14 photon-PDF: Phys. Lett. B 337 373-375 (1994)
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Advantages @

EI1C

= High luminosity to define the uncertainty

band

3 6 ISR BLIRELLA BLALEL LA BLELELELE BLBLELEL BLELELELE BUELELELE BUBLELELE
c - 10""°GeV <E:" <10"* GeV .
el — —
& 5 —&— H1data 7
a L . .
8. F PYTHIA HERA, u?=2 ]
w LTI PYTHIA HERA, 2 = 1 N
=z 4 —
o_.g 81 - o----- PYTHIA HERA, 1% = 0.5 .
5 Lk —t EC J.Ldt=1 fb" ]
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= First measurement of polarized photon

i: PDFs with high precision

= Flavor tagging can also be applied in

TTT,

polarized case

AFEEN IR

o
o
©
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5 o
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(=

03 04 05 06 07 0.8

stat. uncertainty®'°
stat. uncertainty"tRA
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Summary

Jets are reconstructed @ EIC
» Quark jet and gluon jet discrimination
» Undetlying events
Photon PDFs can be extracted by reconstructing X,

rec . . .
» X, is correlated with input

» We can effectively access the undetlying photon PDFs at EIC

Flavor tagging can be applied to identify the flavor of
the parton from the photon

Pol. Photon PDF can the first time be measured in the

world.
[Ref:Phys.Rev.D.96.074035]
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Planed EIC (@ BNL: eRHIC

3 RHIC
= Electron accelerator r- S o G
be build
S fobe b : t 707% Polarized
, polarized leptons 0 protons

S 2418 GeV 25-250 GeV
@ = T }—>*4—<

. Light ions (d,Si,Cu)
E- ; Heavy ions (Au,U)
@+, | 9oal: 80% e polarization | | 110 GeV/u
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Use simulation to reproduce data

L= LLIL | L T L LI | '_'220_' T T L | T ]

%140-_(::_05<5ev2 b 2 "L g?-02GeV? .

.y [ = PYTHIA i e 200 m PYTHIA =

o o HERAData . o, gof. C HERAData e

120 — C .

B ] 160 4

100 | 140 %q) —:

% - 120F e °% m ]

80 '§> by = - - : L

B = ., ] 100 :

- 0) | - .

- Yo i 8ot E

60— 7 - .

K ] 60 [~ -

c ] T : : * et T : . el Ill : c L. . L L II . L II L L ] T L -

g 08 pytHiA . S 0.8 pyTHIA -

S ] g O resolved ]

- - ] VMD —

g . »n [ direet . i

o B Q Lo e i

° — e Ol P PP L Ll ]
o 7 © 04 ----mmmmmEE e T

o ] o - T T

ke 7 o C o ]

@ - a 02F
I ] | ] 0 - | | | i
10° 10* 10° 10° 10* 10°

X
o
o]
]

» PYTHIA is used in simulation to generate each event : all particle info during the
whole collision process, we reproduce the world data, the simulation is reliable.
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Proton partonic kinematics

Reco

Reco

Parton momentum fraction: photon gluon fusion

Q7 10-100 GeV?

1072 True 1

Aeco Vs True X_Praton (X_Gamma » 0.7): PGF: Q2 = 0.1-1.0 GeV*2

102 True 1
x ——(p e+ p.e™)
» 212 T1 w2
4/17/18

Reco

Reco

=

T gu110Gev?

102

True 1

Aeco Vs True X_Praton (X_Gamma > 0.7): PGF: Q2 = 0.01-0.1 GeV*2

-"Q2:0.01-0.1 GeV

True 1

X Chu, DIS 2018

10"

To measure gluon, need
to probe the parton
coming from the proton

Momentum fraction of

the parton from proton is
well reconstructed

24



Direct Vs resolved process

Reconstructed X_Gamma: Q2 = 10-100 GeV*2

Reconstructed X_Gamma: Q2 = 1-10 GeV"2

Plot reconstructed Xv for

oo I e e— B direct and resolved

e - processes

ot : * Direct processes should

x Q2: 10-100 wof | concentrate toward 1 while

;:: ") z: LL_l resolved processes are at
T R - R S R 1k A . 3 R S - X A x?éamma lower values

Reconstructed X_Gamma: Q2 = 0.1-1.0 GeV*2 Reconstructed X_Gamma: Q2 = 0.01-0.1 GeV*2

* Direct processes dominate
at higher Q2 while resolved
are more prevalent at low

ol Q2:0.1-1.0 ssof-

Q%:0.01-0.1

: : Q2
-
wof- ﬁ;_l o * CutofX,>0.7 enhances the
o_' o1 02 04 M““o.ls'“b.'s“'b.r o.la x(_).g:nma o "“(fl” o.z“'b.? 0.4 “o.s“’é.‘s“ 07 oja x(_)gamm; d|rect fract‘ion at a” QZ

rec 1 -m -1, .

x, " =——(pr,€¢ " + pre ?) | Accepted Region
2Ey
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PYTHIA simulation

AAA i 2 N 2
w=a(s,t,pu*,0%)e Af;* (xa,uz : ° Aleif (xb,uz )
ﬂ (xa9l’t ) f;) (xb9u )

Q2 10°-1
Proton PDFs CTEQ 5M
Photon PDFs SAS

Polarized photon PDF(delta f_a)

AT (x,,u) =0
Maximal polarization AfY (x, 17 = f7 (x,, 1)

Polarized proton PDF(delta f_b) DSSV
UnPolarized photon PDF(f_a) CTEQ 5m

UnPolarized proton PDF(f _b) SAS

Minimal polarization
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Flavor tagging: quarks

o 1 T T T T T T T T T T T T T T T [T T[T T T T T T
P, fraction>0.3

Tt B p_fraction>0.6 3
1 P, fraction>0.8

0.9
0.8
0.7

IIIIIIIII
A
+

ol |
cl
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EIC: Polarized ep collider

Colliders: Large

kinematic coverage

DIS: Kinematic
precision

Hera /

EIC!

RHIC

COUTTTIOS
&

HER

Polarization: Spin
observables




Motivation

H1 and ZEUS

.- [ 005 TTTT T T T Torrm T T \\HH‘
2 )t e HERA NC ¢p 0.4 fb™! L
10 m HERANC e'p 0.5 fb™! F a
Q E Od
Z [ owm xp=000003,i=21 Vs =318 GeV F H1 (FZ X x )
2 106 ™y = 0.00008, =20
o 07 e " = 090013 =1 O Fixed Target + B |
g :j::-—-‘ %y=0W =15 e HERAPDF2.0 €'p NNLO 0.4 - e ZEUS (F, <t x™) .
105 L i gy = 00005, =16 === HERAPDF2.0 ¢'p NNLO r 7
E "/‘M‘.“":ﬂ-‘ l‘i_oooos i=15 L 0 n
£ e oy =00003, =14 | A ZEUS 0 (O' X W ) #
104 aa ;= 0.0020,i=13
E ---""';,..:—-ﬂ'ﬁ""‘" Xy = 0.0032, i=12 = 4
L T e 0 0.3 - hadron—hadron .
£ -/__----""'"‘"’”' Y = 0013,i9 r ]
107 - e sseeeees e et X, = 0032,i7 F
= oogne o ——esEeweteeseseetet=tT Xy =0.05,i=6 L
B P Xp; = 0.08,i=5
10 E . —_—— Xy =013, i=4 0.2 - 1
r xp; = 0.18,i=3 F
1 E T e ¥ xpy =025, i=2 r R
g b I ¢ |
AL ~ xpy = 040, i=1 L ﬁ I R
10 1
: i 1 0.1 F i -
107k H Xy = 0.65, =0 r * 1
i 2-0)?2 1
103 ool il il il il o I * = |
1 10 10° 10’ 0 ‘025 5 0 luu % Lol MHH\Q‘MQ ‘?ffwm A
/ GeV —3 —2 —1 2
2o NC Q7 Ge 10° 107 100 1 10 10
Q°(GeV
O 27taemY Y (GeV)

(F, - Yr X yr)
2= L* 3
dxdQ X /7 Y, f Y, r\ = Does the kink occur at the same Q?
45.0)-Tx,0) g(r,0Y) @)+  toreAandforpolarizedep

= Photon structure as fct. of Q?
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Kinematics cuts for di-jet methods

20GeV%x250GeV, 0.01<y<0.95, two highest pjets, , ptL.>5 GeV, pitl, >pic? . >4.5 GeV,
| 777¢5| <4.5, Inside the jet, stable particle p,>250MeV

10°
3 3.5:__'"'|""|""|""|'"'I""I""I""I""__:
B 2 E o 5
g of . E 20 3f resolved E
] g "‘_g" = .
© 255— ** — B 255_ —E
2f = °  2F =
15F . = 1.5F =
15_ * x = 15_ R _E
F * F direct ]
05 * * - C ]
2 N * 05 E
[} )= B R e S E .. "W - 7
1 0 1 2 3 4 5 0L P
A 4 3 2 1 0 1 2 3 4 5
cosAp < 0.5 ’ trig
o 6 TlLAB
a3 f
= 5F
42— 10
:‘ = At positive N, , especially 1,5 >2 , the cross
1E 1 section 1s dominated by resolved process
‘:: = n“*, distribution of associate jet shows the
2F 10" same result
R S R R R
6
=-— ln[tan(E)]
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Same method of
probing the photon

tructure

Probe the proton structure



Accessing proton with di-jets

order photon gluon fusion process

Yg (1)\1 L Gluons can be probed in DIS via the higher-

Ra)

L Also have the QCD — Compton process

Q q which probes quarks at the same order
& A

1 Both processes produce 2 angularly
Di-jet separated hard partons -> Di-jet

/ O At lower Q2, resolved processes in which
" the photon assumes a hadronic structure

begin to dominate, interested in the parton
from the proton, would like to suppress the
q resolved component
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Direct Vs resolved process

Reconstructed X_Gamma: Q2 = 10-100 GeV*2

Reconstructed X_Gamma: Q2 = 1-10 GeV"2

Plot reconstructed Xv for

oo I e e— B direct and resolved

e - processes

ot : * Direct processes should

x Q2: 10-100 wof | concentrate toward 1 while

;:: ") z: LL_l resolved processes are at
T R - R S R 1k A . 3 R S - X A x?éamma lower values

Reconstructed X_Gamma: Q2 = 0.1-1.0 GeV*2 Reconstructed X_Gamma: Q2 = 0.01-0.1 GeV*2

* Direct processes dominate
at higher Q2 while resolved
are more prevalent at low

ol Q2:0.1-1.0 ssof-

Q%:0.01-0.1

: : Q2
-
wof- ﬁ;_l o * CutofX,>0.7 enhances the
o_' o1 02 04 M““o.ls'“b.'s“'b.r o.la x(_).g:nma o "“(fl” o.z“'b.? 0.4 “o.s“’é.‘s“ 07 oja x(_)gamm; d|rect fract‘ion at a” QZ

rec 1 -m -1, .

x, " =——(pr,€¢ " + pre ?) | Accepted Region
2Ey
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Proton partonic kinematics

Reco

Reco

Parton momentum fraction: photon gluon fusion

Q7 10-100 GeV?

1072 True 1

Aeco Vs True X_Praton (X_Gamma » 0.7): PGF: Q2 = 0.1-1.0 GeV*2

102 True 1
x ——(p e+ p.e™)
» 212 T1 w2
4/17/18

Reco

Reco

=

T gu110Gev?

102

True 1

Aeco Vs True X_Praton (X_Gamma > 0.7): PGF: Q2 = 0.01-0.1 GeV*2

-"Q2:0.01-0.1 GeV

True 1

X Chu, DIS 2018

10"

To measure gluon, need
to probe the parton
coming from the proton

Momentum fraction of

the parton from proton is
well reconstructed

34



Polarized photon PDFs

Based on the unpolarized data from PYTHIA, we add a weight on an event-by-event basis just
in analysis code to make it polarized.

» In resolved process, For each event, ab ——> cd process, the weight is calculated as:

A A A A a X 2 A N X 2 the input pOl
w=a(s,t,u*,0°)e f;’ ( “"uz ) ffi,( b9l~‘2 ) photon and
fa (xaau ) f;; (xb’:u ) proton PDFs, we

can get delta

AN AN A A

as,t,u?) = AG/(20)

TP

Hard subprocess Unplo photon PDFs and Unpol proton PDFs,
asymmetry depending on the from LHAPDF to get the unpol photon PDFs

type of the 2-2 process, the
parton kinematics described

by Mandelstam variables and Histogram ->Fill(variable, weight)
photon virtuality.
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Hard process Asymmetry

L 2 2 Afay* (xa’uz) °® Af;)N(beNZ)

w=la(s,t,U",0")e -
Y 2 N 2
fa (xa ’u ) f‘b (xb ,l’l )
Reaction dé /dt dAG /dt
- - 1 | -
99 — q9 (5§+uz)[?— gif] 2(4 z— z)[g —?]
q9 — q9 (5 ;*}; )[ﬁ; 92§ﬁ] 2(a . 8 )[QUSQ _?Zi]
- 02+ 3 2+ 3 {244 a2+
99 — 44 . ueafff §M—§2‘U_A£ 1 s2u R t
99 — 99 25(3—37“:—%;%22 9( 3+28—‘+2§)2
t S — 2 —
9agb — qagb g[ 5+ San (55 — 5] o155 — dan( + 3515)]
QaQb — QCQd [9) [5ac(5bd“— + 5cd5abtﬁ+u__ 9[ (5ac§bd“— - 5cd5abt_+2u_+
badocg 37 -+ 5a1325bd £2] 5ad<)cc12 : + 5ab(§gd=~5]
— 32t +u 8 t“+1u 64t -|-u 16 i2+12
99 — 99 % @ 3 & ~9% 4 v 3 @2
A A A A [ref: 10.1007/JHEP08(2010)130]

a(s,t ,u ) = AO'/(ZO')

s=(p,+p,)t=(p, - p)su=(p,—p,)

4/17/18
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AfY (x,,1%)

I (x, 1)

Depending on flavor

A AA Afay*(xa,uz)

o Abe (x, 9“2)

w= a(Sata.Uzan)'

I7 ool

f;)N(xb 9:”2)

< ~o 1F
08F -2 max.pol.y 08F
0.6F 0.6F
04f ¢ Min.pol.y 0.4F
0.2F PRSP Sy 0.2F
oF ob
02F e, -0.2F
-0.4F -0.4F
-0.6F -0.6F
0.8F -0.8f
~o 1F ~o 1F
0.8f < osf
06 0.6
0.4F 0.4F
0.2f 0.2F"*
OE— -0 0. 0;-.. PP
-0.2F Soe -0.2F
-0.4F -0.4F
06 0.6
0.8 0.8F
_1: M M a2 2221 M M b 2 2 _1:
102 10" 1 102

X

Xy

i
[ref: Z. Phys. C55 (1992) 353; C57 (1993) 309; Phys. Lett. B337 (1994) 373;Phys. Lett. B386 (1996) 370]
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Afay* (xa 9!”’2)

e Depending on flavor

A A A Y 2 N 2
W= a(s,t,,uz,QZ)O Af;‘f* (xa,'uz ) ° Afg, (xb’uz )
If (x,,u) Sy (x,,107)

< 1l

o O O

~ O
AERERERRRNRRRERRR
IRIR

0 @Q »nw c

-1 - — e |
1072 10
X

[ref: Phys. Rev. Lett. 101 (2008) 72001; Phys. Rev. D 80 (2009) 034030]
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EIC Advantage

* Low Q?tagger
hadrons electrons

= py—p—y—y—y—— - e L S —-—"

_-._-.----- el 1 T

z= -45m -4m Om 4m 18m 38m
R. Petti
| I d pythia events with electron
sl — 10 :
107¢ =K reconstructed in the tagger
< - ] O acceptance for electrons down to
S = Fé o Q%~1x10° GeV?
o 1 U advantage compared with HERA:
- 10 tag the outgoing electron directly
10° =
- . | . | . 1
179.2 179.3 79.4 179.5 179.6
0, [&egrees]

4/17/18 X Chu, DIS 2018 39



How to match di-jet
with two final partons

Geometric match:
AR{parton — jet} = \/Aqbz +An’
AE{parton — jet}

— 10

7)) o 10 T T T T ]
| 2 g =
S S 6 =
2 a4 =
T2 3
g 0 3
8 -2 =
TR =
SR E
-8 —
T R
A R{parton-PhotondJet}
beamparton ] v match
) (WO Nl ) Dicjet
partons

tgtparton
4/17/18 X Chu, DIS 2018
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separation

Di-hadron method If we choose different x™, cut, how well can
R i we separate resolved/direct processes:
T 1.6F — resolved 3
g i — direct 3 o - -]
o '|.4E E Z-o- 1 — . —
; S F Di-jet  :
F E - 0.95 ' H
0.8F = = E E
0.6f ] 09| =
04¢ E - ]
0:2f E 0.85fF e
00 01 02 03 04 05 06 07 0.8 09 1 E E
b b - 0.8 =
Di-jet method o075 Di-hadron E
0 F n .
g soo; 0_75_ _f
500 - " ) < 10 © N © )
aoof g v 3§ 35 F §F §F §F 7
F x * * * * * * < *
300;
200;
100f * Small x™,: mainly resolved contribution
of * Large x™,: mainly direct contribution

0 010203040506070809 1
xrec

* Di-jet method shows better separation of resolved and direct photon
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counts

10°

10*

TgtPartonMatch

Entries 272861

E Mean 0.985
L RMS 0.119
L 0.31%
_l 1 1 1 I 1 11 1 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 11 1 | 1 1 1 1

-1 -0.5 0 0.5 1 1.5 2 2.5 3

4/17/18

tgtparton==index 11

counts

10°

10*

IIIIIII

IIlIIII|

0.31%

BeamPartonMatch

Entries 2728612
Mean 0.9855
RMS 0.1194

= [TTTTI

-0.5

0

0.5 1 1.5

2

25 3

beamparton==index 10

Flavor match: beamparton —index 9
tgtparton —index 10

X Chu, DIS 2018
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trig
Lag [PP]

do/dn !

N W & O O N

—

h, ,z Separation

Di-hadron method Di-jet method

X“'O?"'l I I I I -~ '>'<'1'0'3'I""I""I""I'"'l""l""l""l""
- — resolved = Q 35p =
;——direct —; o @ 3;_ _;
C - ug—l C ]
3 E T 25F =
= 3 B : ]
E 3 © 2 -
: : 1.5F E
E E 1= =
E— _E 0.5 3
E L . 3 o E
-4 2 0 2 4 6 8 -4 5
trig trig

N A NLag

For both methods:
> - At positive 1,4, especially 11,,; >2 , the cross section is dominated by
resolved process.

n“*, ., distribution of associate hadron/jet shows the same results



Polarized
Electron
Source

eRHIC

Detector Il

- -

100 meters

A
Ultimate ERL-Ring
1034 |— design —
»
a
S
L,
2
® 1038 |— —
o
=
E
S
-
Z == ERL-Ring design, some
® 1032 |- cooling, Py nen ~ 2.5 MW=
= Ring-Ring design, some ERL-Rin :
) —_— g design, V2,
cooling, 330 bunches, no cooling of protons,
Psynon ~ 10 MW | P ~45MW
0 50 100 150
e-N Center-of-Mass Energy [V(Z/A) GeV]
4/17/18

lon Collider Ring

Electron Collider Ring Booster

lon Source

Electron Source

12 GeV CEBAF

—_ 12 “#-A full acceptance detector
100§ =~ 10 _-_ ____________ (baseline)
= § A high luminosity detector
Z E s
o) o
£ P4
10 § 2 6
3 2
S ‘n 4
2 2
1 E € 2
Z 2
0
20 30 40 50 60 70
CM energy (GeV)
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eRHIC arXiv:1409.1633 | JLEIC arXiv:1504.07961

Both machine designs built dn existing machines

Linac - Ring Ring- Ring

reuse Cebaf as full energy lepton injector
electron: 3-10 GeV
protons: 20-100 GeV

RHIC
Electron accelerator @ ....,-sz

to be build

70% Polarized
polarized leptons @I ppofonosamze ions: 8-40 GeV/u for Pb
26418 GeV. ' q*‘_{ 25-230 GeV. polarised ions: p, d, 3He, possibly Li

Polarisation for both beams: > 70%

Light ions (d.Si,Cu)
Heavy ions (Au,U)
goal: 80% e polarization 110 GeV/u

full Vs range available from beginning
- staging in luminosity

Luminosity 1033 to 1034 cm=2s!
—> staging center-of-mass energy

Both machines utilize crossing angles

—_— e e e e e - —— — ——_— — —_—_—

10 mrad 50 [nrad
- need for Crab cavities
| .
Bunch frequency: 9.4 MHz | Bunch frequency: 476 MHz

| 159 MHz@Vs=63GeV

Both designs take great care to have maximallto full acceptance for scattered protons from
diffractive reactions, breakup r1eutrons and spectator tagging

2 interaction regions
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Introduction of photon structure

HERA data: gluon density of the photon

ek,
ol
,/ l“(-
¢ (kLL) / (_)r
/
> X P,
P(p,)
O HI 1993 (dijet events)
‘;‘ ® H1 1994 (high p, track events)
—— GRV-LO
Vo e LACI-LO
3 t SASID-LO
> \,
0
S @ =38 (GeV/c)’

-0.8 -0.6 -0.
log,4(x,)

4/17/18

Behavior of the exchanged photon: Bare photon state,

Hadronic photon state

Photon can be superposition of above states! (r=E/M?)

The “internal structure” of photons is a manifestation of

quantum fluctuations: Photon splits into parton content

We measure the photon structure in photoproduction:

Low Q? events

Photon Parton Distribution Functions(PDFs): Density of

the partons q(x,0%)
f(x,Qz)-I: q(x,0%)

g(x,0%)

Unpolarized photon structure:
arXiv:9504004, arXiv:9710018, Eur. Phys. J. C 10, 363-372

(1999), DESY 97-164
Polarized photon structure: (critical input for ILC Yy option)
Experiment: no data

Theory: Z. Phys. C 74, 641—650 (1997) and arXiv:971125

x, is defined as the momentum fraction of the parton from the photon
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Parton-jet match

In PYTHIA, beamparton, tgtparton
e :

v Remnant

. beamparton—> q q Final S
initial { _ two .
partons | tgtparton—s> q,/ partons fragmentation
Remnant

P V

As we have known how to separate “direct” and “resolved” process, then we measure jet
kinematics in resolved process

Basic info about resolved process and how to tag di-jet back to two final partons
= “Path” to do parton-jet match:

= beamparton - one final parton - one jet of di-jet ==) Jet from photon side
= tgtparton - another final parton - another jet of di-jet ==> Jet from proton side

" Geometric match AR{parton — jet} = \| A9> + Ay’
AE{parton — jet}

4/17/18 X Chu, DIS 2018 47



Tagoing gluon jet

fraction

80
70
60
50
40
30
20
10

0

T
jet
Py

0 0102 03 04 05 06 07 08 09

th

fraction

0

8of
70
60 F
50
40f
30F
20f
10f

gluon jet

ubar quark jet

0

0.1 0.2 03 04 05 0.6 0.7 08 09 1

p7t

_T
jet
Py

Leading Pion (the highest pt pion) pt fraction compared to the jet pt

* Leading pion plots show better sensitivity
* It's easy to identify quark jet, but not for gluon jet
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