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The nucleon in multiple dimensions

Wigner distributions W (z, ET, bi)
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The nucleon in multiple dimensions

Wigner distributions W (x, k7, b, )
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Semi-inclusive DIS



Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section

structure function Fxy x TMD ® FF Ec(
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
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Hadron multiplicities
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Hadron multiplicities
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pr : transverse momentum of fragmenting quark
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Multiplicity

Results projected in z

A. Airapetian et al., Phys. Rev. D 87 (2013) 074029
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Multiplicity
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Comparison to models

A. Airapetian et al., Phys. Rev. D 87 (2013) 074029
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Results projected in zand P,

A. Airapetian et al., Phys. Rev. D 87 (2013) 074029

o L 0.2<2<03 il i o r0.2<z<03 T -

T 4 e L - Dot K™ K

i 2‘ o ] I . =" g ] = 04F = ) - o .

— - | T & ] — C ] T ] ]

£ le « . Is ‘e, | =02 sy gt Ceg

- ) < o1 ] W - | e L L -

= = ! : L 2 [C—— . = -

- 03<z<04 gg 0_4__0-31:2-:0-4 T ]

2 o ® + ; E C nl= T ]

C T | @ 3 . ] T ]

1?55 Eu E “i E 0'2:! J T g8 ¥a ]

| o Y ] Y S Y 1. S T m ]

- , o , - e —— + -
1-04<2<06 T ] - 04<2<06

r . & 8 . T 1 0'2;_ . &8, + E

0.5 o ® + "R | . 01:_ ul T E

o . T _® L : e ° I a8 mg_ ;

0 —_'——n ------------------------------- - 0 —!——l ------------------------ ————— —

047 06<z<08 @ T o proton | o.1j-0'-6-'=z'-=d.§' I eproton |

I =8 I O deuteron | - s o8 I O deuteron !

9-2_‘55 = T 995 ] n.naj—aﬁ ®a + ]

UL Y LSS S N L Y B L LN S

0.5 i 05 1 0.5 1 05 1
P, [GeV] P, [GeV]

* Pr1 - transverse intrinsic struck-quark momentum
- fransverse momentum from fragmentation process

* K: broader distribution

. : : L : e 14
multi-dimensional analysis; more projections via http://www-hermes.desy.de/multiplicities



Re-evaluation of the strange quark
distribution

K* multiplicities from unpolarized deuterium
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Q(z) = u(x) + u(x) + d(x) + d(z) D (2) = 4Dy (2) + Dy ()
S(x) = s(x) + 5(x) D& (2) = 2D (2)
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Re-evaluation of the strange quark
distribution

K* multiplicities from unpolarized deuterium
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Re-evaluation of the strange quark

Q(x) from CTEQ6L
8 — .

HERMES Preliminary
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distribution
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Re-evaluation of the strange quark
distribution

4 HERMES Preliminary with [D(z,Q%)dz=1.27 _
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* independent of value, shape of z5(z) incompatible with predictions 8



non-collinear semi-inclusive DIS
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DIS with transversely polarized target
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d3 1T
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Structure function g,
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dSJLT ~ —h (y
d dy do/ e

e g2(z) =93 " + ga(x)

Sivers effect
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= —Ar cos(¢’)
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access via

1
do :3/ dz x° go(x)
0

force on struck quark at t=0
XX —dg
M. Burkardt, arXiv:0810.3589
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A, and g,

A. Airapetian et al., EPJ C 72 (2012) 1921
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The nucleon in multiple dimensions

Wigner distributions W (x, k7, b, )
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hard exclusive reactions
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semi-inclusive deep-inelastic scattering (DIS)
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Deeply virtual Compton scattering
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Exclusive electroproduction of
real photons

DVCS Bethe-Heitler

do |7'BH|2 + ’TDVCS|2 + TBH TI*DVCS + TDVCSs TEH

L access through azimuthal asymmetries
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Exclusive electroproduction of
real photons
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reconstruct proton via

missing mass:

unresolved sample

DVCS Bethe-Heitler

do |7'BH|2 + ’TDVCS|2 + TBH T]EVCS + TDVCSs TEH

L access through azimuthal asymmetries

MZ[GeVY] 30
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* compatible with zero

rsely polarized target

phys. Rev D 60 (1999)
094017 + VGG code:

- double distributions
- Regge t-dependence

- 0.2<Ju<0.6 & Jd=0
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* data collected from 1996-2007 (74% of data from 2006-2007)
* additional 3.2% scale uncertainty from beam polarization 32
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Beam-charge asymmetry

A. Airapetian et al., JHEP 07 (2012) 32
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* data collected from 1996-2007 (74% of data from 2006-2007)
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transverse target-spin asymmetry
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double spin (LT) asymmetry
Phys. Lett. B 704 (2011) 15

longitudinal target-spin asymmetry
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double spin (LL) asymmetry
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DVCS/BH complete event reconstruction
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Beam-helicity asymmetry

A. Airapetian et al., JHEP 10 (2012) 042
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* additional 1.96 % scale uncertainty from beam polarization
* leading asymmetry from pure sample is larger
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Beam-helicity asymmetry in
ep — eyrN In A-resonance region

GPDs
quark distribution in longitudinal-momentum

and ftransverse-position space
AY

associated DVCS 37



Beam-helicity asymmetry in
ep — eymIN In A—resonance reglon

associated DVCS associated Bethe-Heitler

do |7'BH|2 + ’TDVCS|2 + TBH TI*DVCS + TDVCSs TEH

L access through azimuthal asymmetries

recoil detector

* pand 1 via PID

* ° and n undetected

* kinematic fitting

* select region around
A-resonance
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Beam-helicity asymmetry in
ep — eym pin A-resonance region

HERMES Collaboration - arXiv:1310.5081
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« asymmetry background correction from SIDIS (11%) and ep — eyp (4.6%)
* leading asymmetry consistent with zero

overall
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Beam-helicity asymmetry in
ep — eyT ' nin A-resonance region

HERMES Collaboration - arXiv:1310.5081
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* asymmetry background correction from SIDIS (23%) andep — eyp(0.2%)
* leading asymmetry consistent with zero
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Exclusive w production
¢

natural parity exchange
J=0", 1, ..

unnatural parity exchange
J=0, 1, ...
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Exclusive w production

test of unnatural parity exchange:

u; = 1 — I’gg + 21‘(1)61 — 21‘%1 _ 21’%_1
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large unnatural-parity exchange
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Pr.1 dependence:
PRD 87 (2013) 074029
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Backup
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Exclusive vector-meson fraction

vm fraction
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Multiplicities corrected in z: without and
with exclusive vector-meson correction
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Beam-helicity asymmetry

. Il e HEBMES
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VGG Regge (b, = 1...29)

A. Airapetian et al., JHEP 10 (2012) 042

overall

 additional 1.96 % scale uncertainty from beam polarization
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Transverse target single-spin asymmetry in
inclusive electroproduction of pions and kaons
xr = 2PL/v/s dependence
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» positive, increase linearly with x_

T
» negative, decrease linearly with x_

x_ behavior of pions similar to what
observed in hadron-hadron collisions
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* positive, ~constant with x_
e
* compatible with zero, with
small variation over x_
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Transverse target single-spin asymmetry in

inclusive electroproduction of pions and kaons

d|sen1.an9|e xg and P dependence HERMES Collabor'a‘rlon ar'le 1310 5070

£ [ 0.30 < x, <055'* 1
+ < o1f ° _::_ %i E
T i e %+ (} 1 % :
OF--&b5 5" o ---T-[- T YL@ T L T
» increase with P_up to P_~ 0.8 GeV : ﬁo ©° # 1 ;‘t’ ¥ t 1
-0.1F I ]
« P_dependence independent of x | 8:8% scale uncertainty | o
T’ F [ 0. 20 <X<0.30 I |
— X_ increase from P_ dependence o1 v #4 "¢ ®
7"'— o :__'%_6'6_0' "'¥" -] +$ __o____§_t_* _______ ]
* small amplitudes, varyingly positive o {>
and negative with P_ B S U S
) . ) [ 0.10 < x_ < 0.20 } ]
« decrease with increasing x_ 0.1p . J[ ] {>
Kt 0 f-.;mc%’oo-ﬁ-oh;-’é-- ?&ooOo 94%
« increase with P_up toP %~ 0.8 GeV 0.4f ][ 1 '}
- increase with increasing x_ b c00<x. <010 1 R
'S R _éé_@:;;_;%j_{ ________
* small amplitudes - P §
- decrease with increasing x_ lox  Fo ﬁj S
0] 0.5 1 1.5 2 0.5 1 1.5 2

P [GeV]l 4



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52

