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‘Exotic’ Glue in the Nucleus

‘Exotic’ Glue

Contributions to gluon
observables that are not from

4
¢2 vy
Sy nucleon degrees of freedom.
,1_3\
S
Exotic glue operator:

operator in nucleon = 0
operator in nucleus # 0

7-9 July 2016
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Double Helicity Flip Gluon Structure Function: A(x, Q?)

Jaffe and Manohar (1989)

Leading-twist, double-helicity-flipping structure function A(z, Q?) sensitive
to exotic glue in the nucleus

o Clear signature for exotic glue in nuclei with spin > 1:
NO analogous twist-2 quark PDF — unambiguous

e Experimentally measurable (JLab LOI 2016, James Maxwell's talk)
@ Moments are calclable on the lattice

First Lattice Study: arXiv:1606.04505

e First moment of A(xz,Q?) in spin-1 ¢ (or p) meson
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Double Helicity Flip Gluon Structure Function: A(x, Q?)

Double helicity flip amplitude:

A, Q) =Ay 4 =A 4
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UNRENORMALISED reduced matrix element: ¢ meson

T
0-15 <+ Different Irreps. ===

Bl ]

0 1 2 3 1 2 3 3

P°  Boost of ¢ (not mtm transfer)
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Search for Exotic Gluonic
States In the Nucleus

J. Maxwell
with W. Detmold, R. Jaffe, R. Milner, P. Shanahan

.ggtfggon Lab

EIC User Group Meeting
July 8th, 2016
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Double Helicity Flip Structure Function Search for Exotic Gluonic States In the Nucleus

Double Helicity Flip Structure Function A(x, Q?)

e A(z,Q?) corresponds to
helicity amplitude A, _ o Q\S\/\N: .
e Photon helicity flip of two

e Unavailable to bound
nucleons or pions in the
nucleus

h=+ h=-—

e Virtual p or A? Gluons not
associated with a nucleon?

e New lattice QCD result for first moment of A(z,Q?) ina ¢
meson is preliminary, but very promising!

Nucleus with spin > 1

e Primary challenge of measurement is polarized target or source

IDetmold, Shanahan, arXiv:1606.04505
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Double Helicity Flip Structure Function Search for Exotic Gluonic States In the Nucleus

Measurement Approaches

Measuring A(z, Q?) via DIS

e Transversely aligned, spin-1 target and unpolarized
electron incident from —z

e In the Bjorken limit, double helicity component of the

hadronic tensor Wﬁ,:a?ﬁ(E, E') becomes (dropping higher

twist structure functions)?:

. do e*ME 5 9 2
Qlngloo drdydy — 4m2Q* ( W B @)+ (1 -9)B{E Q)

- MA(I, (%) cos 2qb>

1Jaffe, Manohar, Phys Letters B 223 (2) (1989).
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Double Helicity Flip Structure Function Search for Exotic Gluonic States In the Nucleus

Measurement Approaches

3 ways to measure A(a:, QQ)

11—y .
7 sin? 0, A(x, Q?) cos(20)
@ Leverage cos(2¢) to isolate A(x, Q?) dependence
e Need azimuthal detector acceptance
@® Form tensor asymmetry: A = %%
e 0, = 54.7° to cancel by, by dependence
e Change polarization to produce N4, N_ and Nj yields

© Form difference of vector polarized and unpolarized cross
sections
e 0,, = 54.7° to cancel by, by dependence
e Lose cancellation of acceptances, efficiencies
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Gluonometry at the EIC Search for Exotic Gluonic States In the Nucleus

Electron—lon Collider Approach

1—vy . .
7 Y sin? O A, Q%) cos(29)

@ cos(2¢) offers A(z, Q?) sensitivity
e Vastly increased kinematic space for search

e Vector polarization observable
. 1 Ny+N_—-2Ng
o . " AN4{+N_+2Ng
e Set target at 6, = 54.7°

headaches
o )

seetions
e Set target at 0,, = 54.7°

o lLoseadvantage-of-asymmetry,—stil-havesystematie
headaches
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Pion and Kaon Structure Functions

THE

Tanj a H orn CATHOLIC UNIVERSITY

of AMERICA

Jefferfonlab
| s

... beyond the science of ...

Collaboration with Roy Holt, Paul Reimer, Rolf Ent
Thanks to: lan Cloet, Craig Roberts, Yulia Furletova and Steve Wood

EIC User Group Meeting 2016 Argonne National Laboratory, IL, 7-9 July 2016
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Why should you be interested in
pions and kaons?

Protons, neutrons, pions and kaons are the main building blocks of nuclear matter

1)  The pion, or a meson cloud, explains light-quark asymmetry in the 12
nUCIeOn sea IX{»{»/NuScu
1 F \ HERMES h
- - - - e ey
2)  Pions are the Yukawa particles of the nuclear force — but no evidence and Miller
for excess of nuclear pions or anti-quarks 08 ¢
3)  Kaon exchange is similarly related to the AN interaction — correlated 00
with the Equation of State and astrophysical observations = 04 | Chitl Quar
. . o ’ Dorokhov and
4)  Mass is enigma — cannibalistic gluons vs massless Goldstone bosons s Ll
1.3 T r v - . ]
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World Data on pion structure
function F,”

Pion Drell-Yan DIS (Sullivan
€ % Process)
=

Data much T~
more limited...

FNAL E615
04
s | + + 3 [ a=700ce [l=15cev [ al=30Gevt
ﬁ + st Y Eoy
ot Tty A A A
0 | +++* i Ay Lt \\,\
e CERN NA3 I FOT N
o1s b ¥ e ] b 060GV | Q' 120 GeV | Q'=\240 GeV:
) *ﬁ b L ¢ \\+ \
01 - N 0.75F \ Eo\ E \+
s L 0.5F \\' E . - \
o ONE \\,\ SN
04 o o 0.6 08 P —I il vl A vl v
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' s \ f \j | zusos-e7
\ \ F3 SMRS
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6
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Good Acceptance for n, A, X
detection

Sullivan process for pion SF :
Cold lon Collider Ring
(8 to 100 GeV)

€

Warm Electron
Collider Ring
(3to 10 GeV)

And similar process for kaon SF

€ K
AZ
H(e,e’'n*)n N > 20%
He,eKHA A 50%
Simulations assume: 5 GeV electrons and He eKNE = 17%
50 GeV protons @ luminosity of 1034 s''cm2 (e.e’K) .
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World Data on pion structure
function F,”

EIC

§ =700 | roughly x,,, for EIC projections
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Kaon structure functions — gluon
pdfs

Based on Lattice QCD calculations and DSE calculations:

U Valence quarks carry 52% of the pion’s momentum at the light front, at
the scale used for Lattice QCD calculations, or roughly 65% at the
perturbative hadronic scale

O At the same scale, valence-quarks carry % of the kaon'’s light-front
momentum, or roughly 95% at the perturbative hadronic scale

Thus, at a given scale, there is far less glue in the kaon than in the pion:

» heavier quarks radiate less readily than lighter quarks

» heavier quarks radiate softer gluons than do lighter quarks
» Landau-Pomeranchuk effect: softer gluons have longer wavelength and multiple
scatterings are suppressed by interference.

Momentum conservation communicates these effects to the kaon's u-quark.

table of contents
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Nucleon Distribution Amplitudes }

C. Mezrag

Argonne National Laboratory
May 5t 2016

In collaboration with:
C.D. Roberts

JENERGY  scionee Argonnea

NATIONAL LABORATORY
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Proton distribution amplitude Arggmg° ‘

ORATORY

2 T T T
b (xis Q)~ (xx2x3)”
| .
c=S
; $ ot
a3
(&)
_| L
-2
0.1 02 03 04 05 06 07 08 09 o
u(xy)
SOAs(X17X2, X3) = 120x1 03 Lepage and Brodsky (1980)

What happens when computing the Proton DA within DSEs framework? ]
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Quark-Diquark DA Argonneé ‘

::::::::::::::::::

SU,I[

F(,l.uu

@ Need of specific ingredients:
» quark propagator S, (S4),
» AV diquark propagator S,,,,
» diquark Bethe-Salpeter amplitude I,
» nucleon Bethe-Salpeter amplitude I 4. ,,,.
o Different contributions for the |u(1)u(])d(1)) state:
» 1 contribution for the scalar diquark
» 3 different contributions for the AV diquark

All these objects can be computed non-pertubatively using DSEs-BSEs.
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Preliminary results

Caveat: transversely polarised diquark is missing

01 02 03 04 05 06 07 08 09

u(x

Asymptotic

01 02 03 04 05 06 07 08 09

ulxy

70%Scalar 30% AV
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ABMPI16 PDFs

S.Alekhin (Univ. of Hamburg & IHEP Protvino)
(in collaboration with J.Blimlein, S.Moch, and R.Placakyté)

@ Drell-Yan data from the LHC and Tevatron: Isospin asymmetry and d/u at large x

o HERA I+ll data: a_(M,), m , and m_

@ Charm production data from NOMAD and CHORUS: strange sea

e t-quark data: m and gluon distribution

sa, Bliimlein, Caminada, Lipka, Lohwasser,
Moch, Petti, Placakyté hep-ph/1404.6469

sa, Bliimlein, Moch, Placakyté, hep-ph/1508.07923

EICUG meeting, ANL, 8 Jul 2016
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Collider W&Z data used in the fit

»e
S In the forward region x, >> X,
s Stope— i s Tevatron o(W*) ~ u(x,) dbar (x,)
10 bt Se. -
oiid St o(W) ~ d(x,) ubar(x))
g pEp 0(2) ~ Q,2u(x,) ubar (x )+ Q_*d(x,) dbar(x,)
2 2
107 = LHC O(DIS) - qu u(Xz) + qd d(xz)
Forward W&Z production probes small/large x
and is complementary to the DIS — constraint
i - on the quark iso-spin asymmetry
107 107" 1
X2
Experiment ATLAS CMS DO LHCb
V5 (TeV) T 7 8 196 7 8 8
Final states Twrary [ w —utv | W uty [w —utv | Wroety [wr ety | zoete | W —uty
W =rlvy W sy | W sy W —suv W —ev W —suv W —uv
Z1I'r Zoutu Zoyptu
Cut on the lepton Pr ‘l”, >20 (ieV.l",’ >25GeV|Py >25 (;eV.I’; >25 (icV'I", >25 (icV.I"; >20 (icV.l", >20 (ic\”l’, >20 GeV
NDP 30 11 22 10 | 13 31 17 32
ABMPI6 30.0 220 18.2 19.6 454 215 454
B e 5 g TR T
cria | 42 —a i ST EEE s ETTer Ee fEE
¥ e - - - - | - | - | - | -
HERAFitter - - - 13 19 - - -
MMHTI14 39 - - 21 - - - -
NNPDF3.0 354 189 - - - - - -

“Statistically less significant data with the cut of P > 35 GeV are used.

Obsolete/superseded/low-accuracy Tevatron and LHC data are not used
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Inclusive HERA I+1I data

HERA I+II (e'p)

H1 and ZEUS hep-ex/1506.06042

HERA I+I1 (e'p)
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The value of X*/NDP is bigger than 1, however still comparable to the pull distribution width

X2NDP(HERA)

1505/1168=1.29

1350/1092=1.24
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H1 and ZEUS

RMS.—IM

L

ﬁn W
2 a

, 0

systematic pull




a._updated

—~ 0a2s
= s G201
1L 01225
z + "] HERA I+II + fixed-target
=
"] HERATI + fixed-target
0.12
0.1175
SLAC | ~mc
0.115 T
I

A HT fitted
0.1075

HERA I+11

HERA I

0.105
1985 1990 1995 2000 2005 2010 2015

year

@ a_goes up by 10 with HERA I+l data

o the value of a_ s still lower than the PDG one: pulled up by the SLAC and NMC
data; pulled down by the BCDMS and HERA ones

@ only SLAC determination overlap with the PDG band provided the high-twist
terms are taken into account
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Nuclear PDFs at the LHC

l1l!l71[lf1[l

1.69 GeV?)

0.8

0.6
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107 10° 107 10’ 1

g
S
o

1 Michael Murray University of Kansas
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Running modes

8.2 TeV s =

Sy =8.
© — «—
Collider Q %—* 4—@
p P
syy =110 GeV Syy =69 GeV
Fixed target @p . “
LHCDb (He,Ne, Ar...) Gas e, Ar

In addition ultra-peripheral collisions produce
photon — lead collisions with an energy range

Wy, = 20 — 800 GeV

ANL  7-9 July 2016
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Kinematic Range of LHC

10° [ T T T
2 )
= | ... X1 5= (MWs)e® . :
e L 12 Lt In this talk | will
- " *+  startathigh Q2
NUE and y=0 and
é’ i S move to lower
s B Q2 and forward

20 ot - rapidity.

Apologies for

i missing
Y —> 102} -M=10Gey o references and
g CMS centric
— g
] /w / talk.
100 1

10_5 10_4 102 10° Gluon density has to

Saturation saturate at low x

Fraction of momentum
carried by parton
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Ultra-peripheral PbPb

muon 1
P, = 1.28 GeVic
1] =-2.296
¢ =0.493
Maximum HCal Tower
E;=0.90 GeV
7] =-0.305
@ =1614
. UPC J/v» Candidate
pa
Mesimur ECal Tower = m=3.062 GeV/c’
1] =-3.226 z
= -3.054

muon 0
p.=1.87 GeVic
7 =-1.840
2.100
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First attempt to use UPCs in nPDFs

<
>
)
(O]
N
N
n
o
£ 40
% 03F HKNO7LO
m& E —— nDSLO
0.2 EPS08 LO
0.1t EPS09 LO 3
i EPS09 uncertainty
LTA CTEQ6L
0.3 LTA MSTWO0BLO
0.2 B LA MNRTO?
0.1
23 10* 10° 10% x
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Experience on diffraction at HERA and at the
LHC towards the EIC
Christophe Royon
University of Kansas, Lawrence, USA

EIC Users Meeting, Argonne National Lab., July 5-9 2016

CMS & TOTEM
B*=90m

Contents:
e Diffraction at HERA
® \Vector meson production
e PDFs in Pomeron

e Factorization breaking
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The HERA accelerator at DESY, Hamburg
HERA: ep collider who closed in 2007, about 1 fb~! accumulated

27.5GeV e >3« 1p 820 GeV

~ 350 collaborateurs, ! ; . >
15 pays P re DESY

(Deutsches Elektronen Synchrotron)
Hambourg, Allemagne -
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Diffractive kinematical variables

Mx Invariant mass
of the diffractive
final state

P e P (My)
Nts o

e Momentum fraction of the proton carried by the colourless object
. Q*+M3%
(pomeron): z, = &£ = Sy
e Momentum fraction of the pomeron carried by the interacting parton if
we assume the colourless object to be made of quarks and gluons:

B = 59 = Toi

Q2+M7Z zp
e 4-momentum squared transferred: t = (p — p’)?

uly 2016

table of contents



An example: J/V¥ in photoproduction

Q° e(k’)

e(k) - T

PP

10°

® H1 data HE
= H1data LE

A H1(2005)

+ Zeus(2002)

v E401, E516
* LHCb(2013)
E MNRT(LO)

F  — MNRT(NLO)

102

o(yp—Jy p) [nb]

10 ".* ‘ ‘ Eur.Phys.J. C73 (2013) 6, 2466
E.l L !

10 10? 10°
W,, [GeV]
e Hard scale present due to J/W mass (Q? ~ 0)

e Description using perturbative QCD and dipole model: Pomeron is
modeled by a gluon ladder at lowest order: o ~ [as(u?)xg(x, 1?)]?
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21
Conclusion

Many physics topics studied at HERA can be studied with higher
precision at the EIC: only a few examples given here

Vector meson production: study the interface of
perturbative/non-perturbative QCD

Measurement of parton densities in diffractive events: higher precision,
use structure function measurements, jets, charm...

Study survical effects: using v-p events as an example

Study BFKL resummation effects and saturation phenomena: important
to have a good coverage in the forward directions in order to measure
very forward jets, can be also studied in diffractive events

Exclusive diffraction

Many topics to be studied at the EIC benefitting from the experience at
HERA, Tevatron and LHC
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Unique opportunities to measure proton

elastic form factors at EIC

Jan C. Bernauer
EIC UG Meeting, July 2016

Massachusetts Institute of Technology
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History of unpolarized electron-proton scattering

100

10

01

Q?/(GeV/c)?

0.01 7

\ \ \ L]
85 1990 1995 2000 2005 2010

01 L \ \ \
1965 1970 1975 1980 19

Year
o Andivahis o Borkowski o Janssens Rock o Walker
o Bartel o Bosted o Litt o Sill
o Berger o Christy o Price o Simon
o Bernauer o Goitein o Qattan o Stein
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FF summary: Collider kinematics
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FFE summary: “Race” kinematics

Gt/ (11pGstd dipole)
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FF summary: Polarization variables

Blatantly stolen from C. Sofiatti and T. W. Donnelly,"Polarized e-p Elastic
Scattering in the Collider Frame,” Phys. Rev. C 84, 014606 (2011)

2@ 50 GeV 10 @ 250 GeV

1072 L L 1073 T T T T
e e ki 104
§ PoL e ] 5
E 1074:, +) /,—(,) E “:5 10—5
S [ e - ] Bl
2100 L o ‘/' S s é& 10-6
§ §
= 0 v ! =
o / —APV . 10-7
i
10-7 L1 [ S N B s 1 ]
0 2 4 6 8 10 12 14 16 18 20 001 2 3 4 5 6 7 8 9 10
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Takeaway

Clearly tremendous physics potential
for an EIC!

Must build a machine that can truly

deliver the physics we are promising
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