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Inclusive electron scattering

F| < op (W, Qz)
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Inclusive electron scattering

F| < op (W, Q2)
F, x o:(W, 0% + o,(W, Q%

oy(W, Qz) = op(W, Qz) + ero (W, Qz)

e (Gives access to structure functions

* Here: unpolarized structure functions o
ST,(v, Q%) = ﬁF (v, 0%)

~ 2y _ T 2
‘\ST2(V9Q ) — TFZ(UaQ )

e Related to forward virtual Compton scattering (VVCS) amplitudes T+ and T»

e Information about hadronic contribution to muonic hydrogen Lamb shift!
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At low energies: precise CLAS data
Well covered up to 3rd resonance regime:
towards parton distributions at large x

CLAS12 is to reach
0.05 GeV2 < Q2< 12 GeV2, W up to 4 GeV
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Exclusive electron scattering




Exclusive electron scatterin
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Allows us to determine each of the resonant contributions separately

Good world data on some of the main resonances;

CLAS data up to 3rd resonance region
(and soon full resonance region coverage with CLAS12)
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From exclusive to inclusive electron scattering
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From exclusive to inclusive electron scattering

or,.(W,Q%) =op (W, Q%)+ op 7 (W, Q%)
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Electrocouplings from data
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How electrocouplings enter inclusive data
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Further electrocoupling data examples
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Resonant contributions at different Q2
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Resonant contributions at different Q2
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Inclusive and exclusive reactions: can we use one for the other?

Results of resonant contributions to inclusive observables

Non-resonant piece: low and high energies communicate

Results of combined description (preliminary)



First estimates of hon-resonant contribution
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Continuation to high energies

or,.(W,Q%) = of (W, Q%) +\a%§(w, cf)\
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Continuation to high energies
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Continuation to high energies
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High and low energies: previous works

BC: Christy and Bosted, PRC 86 (2010) 055213 DL: Donnachie and Landshoff, PLB 595 (2004) 393 CLAS data: http://clas.sinp.msu.ru/strfun/
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- Excellent description of data at low and high energies, separately
+ At low Q2: high- and low-energy theories compatible in overlap region
- At slightly higher Q2: huge gap between high and low-energy models

- Leads to difficulties in extracting observables integrated over x (or energies)
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Proposal for updated parametrization

5 v\ 429 vy \ @)
FI(U, Qz) — F{GS(U’ Q2) + Z yai(Qz)(y _ Vthr)ai<1 — r> <1 + r>
i=0

1% 1%
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Proposal for updated parametrization

5 vy, al-(Qz) Uy, bi(Qz)
Fl(l/, Qz) — F{CS(U, Q2) + Z yai(Qz)(y _ Vthr)ai<1 — r> <1 + r)
i=0

1% 1%

e Automatically recovers Regge behaviour at high energies for «; < 1

2
Fiw, 0% — ), 7,(Q*"
i=0
e For the Pomerons we have the requirement

b(0*) =a(Q?)+a, 1<a <2

* |Implements threshold and
resonant behaviour
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e For the Pomerons we have the requirement

b(0*) =a(Q?)+a, 1<a <2

* |Implements threshold and
resonant behaviour

Last and definitely not least:
obeys dispersion relations!
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Proposal for updated parametrization

5 vy, a,-(Qz) Uy, bi(Qz)
Fl(l/, Qz) — F{CS(U’ QZ) + Z yai(Qz)(V _ Vthr)ai<1 — r> (1 + r>
i=0

1% 1%

e Automatically recovers Regge behaviour at high energies for «; < 1

2
Fiw, 0% — ) 1, (Qv*

i=0
e For the Pomerons we have the requirement Photoproduction oy
0.7 , , —
World data
b(0*)=a(Q)+a, 1<a<2 Total
06 | Resonant
Non-resonant
* |Implements threshold and o
resonant behaviour |
s 04
NII
g 1k
5 03} 4

Last and definitely not least: . |{|
obeys dispersion relations!

0.1

0

—

18
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Dispersion relation and Lamb shift

VVCS amplitude T1 obeys once-subtracted dispersion relation

2 2 o0 F /, 2
RT\(v, Q%) = * J dv/’ v, &)

M U,(U,z . yz)
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Dispersion relation and Lamb shift

VVCS amplitude T1 obeys once-subtracted dispersion relation

RT, (v, Q%) = Tl(OaQZ) +

Dav? r° CF,, 0%
dv

M U,(U,z . yz)

0

x 3T,(v, 0?)
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Dispersion relation and Lamb shift

VVCS amplitude T1 obeys once-subtracted dispersion relation

RT, (v, Q%) = Tl(OaQZ) +

aM

av? J‘” F(@, 0%)
dv 5
w V@ —1?)
X S711(1/9 Q2)

Our formalism will allow the phenomenological determination of the
subtraction contribution to the hydrogen Lamb shift for the first time!

0

AEsubtr.(nS) — Tl (O,Qz)

2e’ma? ro dQ v, +2

T 0 Q3 (1 +Vl)2
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Dispersion relation and Lamb shift

VVCS amplitude T1 obeys once-subtracted dispersion relation

RT, (v, Q%) = Tl(OaQZ) +

aM

Dav? J’°° F, Q%)
dv 5
w VW —=1?)
X S711(1/9 Q2)

Our formalism will allow the phenomenological determination of the
subtraction contribution to the hydrogen Lamb shift for the first time!

AEsubtr.(nS) —

2 2 oo
2e mgbn[ dQ v, +2 TI(O,QZ)

o Q° (1+w)?
Source of the largest uncertainty of hadronic contribution to Lamb shift

relevant to improve muonic spectroscopy in proton charge radius extraction
Birse and Govern, EPJ A 48 (2012) 120

T

Alarcén et al., EPJ C 74 (2014) 2852
Tomalak and Vanderhaeghen, EPJ C 76 (2016) 125
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Fit constraints

5 vy, al-(Qz) Uy, bi(Qz)
Fl(l/, Qz) — F{GS(U’ Q2) + Z yai(Qz)(y _ Vthr)ai<1 — r> <1 + r)
i=0

U U
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Fit constraints

5 vy, al-(Qz) Uy, bi(Qz)
Fl(l/, Qz) — F{CS(U, Q2) + Z yai(Qz)(V _ Vthr)ai<1 — r> <1 + r)
i=0

1% 1%

e F1 ~imaginary part of T1:
additional constraints obtained by imposing for subtraction function

T,(0,0) = 0

and using the experimental value of the magnetic polarizability:

d 2
M1 — d_Qle(OaQ )

02=0

e Constrains the fit parameter space even further
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Inclusive and exclusive reactions: can we use one for the other?

Results of resonant contributions to inclusive observables

Non-resonant piece: low and high energies communicate

Results of combined description (preliminary)




Magnetic polarizability: our fit results

7 | |
New combined fit ——
6 Resonant contributions B
Pomeron contributions
5 | p contributions |
Form factor contributions

4l Experimental —@—
™ 3 r 7
= ()
— 2t .
Al
@]
= 1r =
<
o
— 0 —

-1 i \ \

-2 = —]

_3 = ]

_4 | | | | |

0 0.05 0.1 0.15 0.2 0.25 0.3

Q? [GeV?]
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Structure functions at non-vanishing Q2

0.25 < Q%> < 0.3 GeV?

1.8
Fit result
1 6 Resonant —
: Non-resonant
CLAS data —=—
o 1.4 EO00-002 data |
S E94-100 data
8 1.2 HERA data ——=— -
C\IO 1 B
+
C\IZ O 8 _|
= .
N; O 6 ; _|
IF ¥ ." T K iii
0.4 ff ¥k * ]
/\ ! : [ - ¢
0.2 |
0

W [GeV]

First combined model for low and high energies!
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Summary

New resonance model: N* electrocouplings from CLAS(12) allow to
describe the resonant contributions to inclusive electron-scattering

Intricate behaviour with W and Q2 in the resonance regime

First estimates for the non-resonant behaviour
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Summary

New resonance model: N* electrocouplings from CLAS(12) allow to
describe the resonant contributions to inclusive electron-scattering

Intricate behaviour with W and Q2 in the resonance regime

First estimates for the non-resonant behaviour

Work In progress

Analytical transition between low and high x (or energies):
important for VVCS subtraction function

First phenomenological determination of subtraction contribution to Lamb shift

Updates on inclusive and exclusive electron scattering CLAS12:
coming soon!
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Subtraction function calculation

T,(0,02) = TNR(0,02) + —F(0?)

M

20 r" FR(v, 0?)
dv
M 5 L

0



