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Proton Structure

e A |lot yet to answer
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* Spin components

e 1/2=30% + ¢ + ¢
* Mass decomposition
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Quark and gluon
internal motion

e proton mass ~ 1GeV, quark mass ~ keV

Quark spin °

Transverse Momentum Dependent Parton Distribution Function (TMD PDFs)
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Proton Structure

Quark and gluon
internal motion

Scientific focus of the EIC
and EicC

Quark spin



Current TMD probes

SIDIS 0 = 6(x,2) D(z. G 1) @ fypx, K 1)
Pro: well understood Con: 2 non-pert objects
convolution
Jet based 6= 6%, 2) Ja(qr) ® fp(x, k 1)
Pro: Theoretically cleaner Con:clustering, low
Flexibility energy machine? Spin

structures?
convolution



Current TMD probes

SIDIS Final state correlations

Indirect probe of the nucleon

MICroscopic structures

Jet based through TMDs




Proton Energy Energy Correlator

50— 6,
T (0 —0)

O Full inclusive measurement, no clustering,
weighted by x2~! and E,

ON>I1

O ; will include the beam remnants when @ is
small enough. Break the proton, and re-collect

at a certain @.

d%(0, N E, do(xp, p.
oM _ 5 ng_l_ 6(35: P)

P Osot
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Proton Energy Energy Correlator

Breit frame

50— 6,
7 (0 —0)

O Full inclusive measurement, no clustering,
weighted by x2~! and E,

ON>I1

LO O 7 will include the beam remnants when @ is
small enough. Break the proton, and re-collect

at a certain @.

P Osot

d>(0, N E; d » Pi
00 _ 5 [ yiksdotmr)

p = Q/(2x5)(1,00,1)
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Proton Energy Energy Correlator

Breit frame

d2(6,N) _ 2 J xg_l E do(xg, p;) 56— 0)

do

p = 0/(2x,)(1,00,1) P o

O Collinear factorization if @ is not too close to
r, calculable perturbatively

QQ ~ Q dﬁ(xBa pz) — [d6](29 pi? é)ﬁ/P(éa Q)é(éz o xB)
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Proton Energy Energy Correlator

Breit frame

50 — 6)

dx(0,N) v_1 Ei do(xg, p;)
3 i

p = 0/(2x,)(1,00,1) P o

O Collinear factorization if @ is not too close to
r, calculable perturbatively

00 ~0 d6(xp, p) = | 62, P E) f,p(E, Q)B(E2 — xp)

O SIDIS-like distribution,

O TMD Resummatoin required

as 0 — r, able to probe
TMDS
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Proton Energy Energy Correlator

Breit frame

50— 6,
9 (0 —0)

O Perturbative collinear ISR enters the
detector; contributions from the radiations
due to the hard interaction are power

P Osot

d3(6, N E, do(xp, p.
oM _ 5 ng_l_ o(x5: P)

p = Q/(2x5)(1,00,1)

suppressed,
AQCD <00 K PP
d2/dy
mnbicmnemmmmdnmcmo e namen el Y = 11 (A1) 5 XL and Zhu, 2209.02080



Proton Energy Energy Correlator

Breit frame 5(1 B Z)P

d2(0,N) _ Z [ xg_l E do(xg, p;) 50— 0)

do

O Perturbative collinear ISR enters the
detector; contributions from the radiations
§ZP due to the hard interaction are power

p = 0/(2x,)(1,00,1) P o

cp)

Aoep < 00 < suppressed,
d>/dy - O Factorized form
Lo @) _ [@N (1 - 92228 2 p(oyfe)
do ot O
2 dG DIS
5 — (P(IN)— PIN+ 1)f{(N+ 1)
— y = In tan — H o tot
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Proton Energy Energy Correlator

Breit frame

,dZO.N) 6; pistN, 0%)

X
p = Q/(2x5)(1,000,1) do Orot
— Running coupling
............. Ilj(N’N + 1)+ effects., s.caling ]§/P(N+ 1)
law mixing

oL IRy SO
Agcp < 00 < “Tat T T a0

Oo N, 1): moment of partonic DIS x-sec.
dZ/dy & v pisUVs 1) D

O [,(N): contains moments of the splitting functions to all
orders

O f.,»(N): moment of collinear PDF

v =Intan "
y = Intan = ) XL and Zhu, 2209.02080



Proton Energy Energy Correlator

Uk,Djs(Na )

O()

Breit frame dx(0,N)

40 Z ][IC,EEC(Na 99 /’t)

k=q,8

p = Q/(2x5)(1,00,1) o

O figec(V, 0, u): Proton EEC, a new non-pert.
object, initial-final correlation

< L o o - -
0 5 Aaep™\_ forc® = Y, 2o (PI7H(O) 8V EO y(¥7.37) | P)
O Detect the angular distribution of the partons
O Evolves like the PDF, no sudakov suppression

O Product form instead of convolution, nothing
else, no clustering, no fragmentation ...




Proton Energy Energy Correlator

Uk,pls(N, )

O()

Breit frame dx(0,N)

di
O

2 Jegec WV, 0, 1)

k=q,8

p = Q/(2x5)(1,00,1)

------------- O frgec(V, 0, u): Proton EEC, a new non-pert.
object, initial-final correlation

00 S Agep\_ feec®) = ) —5 (P13 ¥ EO) y(¥7,x7) | P)

l

dldy O Image directly the | 0O Detect the angular distribution of the partons
parton @-distr. | o
within the proton 00 < Ay Uniformly distributed
free hadron gas
d£@,N) ~d a 1
0 0 x 0 — ~N—~ Y
y = Intan — do dod n(PO)?>  6?



Proton Energy Energy Correlator

Theoretically clean behavior

dx/ dy

XL and Zhu, 2209.02080

16



Proton Energy Energy Correlator

Th eO reti Cal Iy C I ea n be h aV i O r Free Particle Gas Phase Transition Region Perturbative Phase
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rigtee Las Bjorken

e 4
scaling rule
-4 S 3.04¢ {

- 1.58 T
g .»;: —  0.— oy

! 1 ; T Q > 10GeV  » Pythia82 Q > 50GeV -
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Proton Energy Energy Correlator

Q > 30GeV
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Conclusion

O Probe of the partonic angular structure

O Extremely clean, all ingredients known
for at least NNLL

O Straightforward to generalize to spin by
adding ¢ of the detector

O Small-x, medium effect modify the
slope (slope fully determined by
vacuum splitting kernel)

O Generalize to multiple correlators
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