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The HERMES experiment
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data taking from 1995
until 30 June 2007

- The HERMES experiment
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The HERMES experiment

data taking from 1995
until 30 June 2007
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The nucleon in multiple dimensions

Phys. Rev. D 71 (2005) 012003
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The nucleon in multiple dimensions
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The nucleon in multiple dimensions
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The nucleon in multiple dimensions
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The nucleon in multiple dimensions
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The nucleon in multiple dimensions

Wigner distributions W (x, k7, b )
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Exclusive w production



Exclusive w production

a’ig D

: natural parity exchange
: JP=0*1", .= GPD H, E

5 unnatural parl’ry exchange

: JP=0",1*, .. m GPD H, E
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Exclusive w production

a’i‘ (q) )

scattering plane

: natural parity exchange

: JP=0*1", .= GPD H, E
5 unnatural parl’ry exchange

. JP=0"1*, .. = GPD H E

w production plane

N(p) t N(p')
Fit angular distribution W(®, ¢, ©) of » decay pions
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Spin density matrix elements (SDMEs)
describing final spin state of o
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w SDMES
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Comparison » and p
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Test of unnatural parity exchange
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Kinematic dependencies
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e no clear kinematic dependence observed
e again need for unnatural pion-pole exchange seen!
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Kinematic dependencies

class B
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e no clear kinematic dependence observed
e need for unnatural pion-pole exchange seen for unpolarized SDMEs
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Longitudinal-fo-transverse
cross-section ratio
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e R=0.25 for w, 4x smaller than for o

e again need for unnatural pion-pole exchange
e no Q% dependence, t' dependence?
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The nucleon in multiple dimensions

Wigner distributions W (z, kr,b )
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The nucleon in multiple dimensions

Wigner distributions W (z, kr,b )
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Semi-inclusive DIS
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross section
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Semi-inclusive DIS cross sechon
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Semi-inclusive DIS cross sechon
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e 1 amplitudes negative
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Inclusive ftransverse target
single-spin asymmetry
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g, Left
e—=<e

Right

A, (%)

8 & B

Motivation

e Large left-right asymmetries (An) observed in p'p — hX for \/s from 4.9 to 500 GeV
Vs=6.6 GeV

V5=4.9 GeV

PRL 38 509 (%0
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e Not interpretable based on collinear factorisation in leading twist

e Possible interpretations are based on

e TMD PDFs and FFs - mainly Sivers and Collins effect

e collinear, with higher-twist multiparton correlations

& £ 8 - 8 & 2

Vs=19.4 GeV

PLB 269, 201 119%1)
{ FLB A 08T 11991 *

- e

O
FNAL g )
1991

02 04
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X¢

e combination of both, with different kinematic domains of validity

e Need additional experimental data!
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Vs=62.4 GeV

PRL 101, 42001 (2008)
- BRAHMS
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Transverse target spin
asymmetry at HERMES

e Inclusive hadron electroproduction e®pt — hX

Pr wrt. lepton beam

LF = PL/PL,max I ep CMS

e Azimuthal asymmeftry
Avr(vr, Pr) = A3 (xp, Pr)siny

sin T
AT — > An

at HERMES: ¥ =~ ¢ — ¢s (Sivers angle)
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Pt dependence

Phys. Lett. B 728 (2014) 183-190
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siny

Phys. Lett. B 728 (2014) 183-190
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Xr dependence

.n-+

e >0, increasing linearly with xr
-

e <O, decreasing linearly with xr



siny

Phys. Lett. B 728 (2014) 183-190

Tl-'l'

1"

Xr dependence

A,, (%)

8 & B

e >0, increasing linearly with xr

e <O, decreasing linearly with xr

- @t 1 K"
[ Om 1 OK ]
- °® .0¢+++++++++ 3
: b?;”“"‘ e oon , ¢ _
A A0 e Fo I S T 77T Yo o QPO T
' ¢¢¢¢¢: °%0 v Q1
| 8.8% scale llmcertainty |
- 0000 T 000000
: 0000000 © 00°®
0 0.2 0.4 0.2 0.4

XE

40

m and 1t

e similar behaviour as pr — hX
V5=4.9 GeV o0, ¥5=6.6 GeV o0 ¥5=19.4 GeV Vs=62.4 GeV
PRL 6 909 (%7 PRD §5, 092008 (7002) ! ALB26Y, 201 119%1) PRL 101, 42001 C2008)
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Xr dependence

Phys. Lett. B 728 (2014) 183-190
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A,, (%)

8 & B

Tl-'l'

e >0, increasing linearly with xr

1"

e <O, decreasing linearly with xr

m and 1t
e similar behaviour as p'p — hX
Ns=49GeV g V=G6GeV  , Yo=194 GeV No=62.4 GeV
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siny

Xr dependence

Phys. Lett. B 728 (2014) 183-190
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| 8.8% scale uncertainty
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A

Xg-P1 correlation — 2D
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Tl-'l'

e >0, increasing linearly with xr

1"

e <O, decreasing linearly with xr

e similar behaviour as p'p — hX

m and 1t
V5=4.9 GeV o0, ¥5=6.6 GeV
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Disentangling xg and Py
dependence

Phys. Lett. B 728 (2014) 183-190
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o 17t

e independent of Xf -> 1D xr
dependence from Pt correlation

e T

o decreasing linearly with xr
As for 1D!

e note: m and m* from pr — hX
e linear dependence on xr remains
after slicing in Pt

o KTt

e = constant/
slightly increasing with xr

o K-

e = constant/
slightly decreasing with xr
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Fraction

Disentangling sub samples

e anti-tagged

0.2}

-0.2 |

0.05¢

0.05¢

Phys. Lett. B 728 (2014) 183-190

Y | VI anti-talgged TK" 1
® DIS,02<z<0.7 |
m DIS,z>0.7 1 [ i +
i o {.
i Hghyet ¢% 1 °
o0 1
B R AT L D
\ 4
8.8% slcale untl:ertaintyl | | | |
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no scattered e* detected

mainly Q2=0

hard scale Pr

PT > AQCD: higher twist

Pr= A qcp: no theory predictions

~ overall results, 98% of statistics
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Fraction

Disentangling sub samples

0.2}

-0.2 |

0.05¢

0.05¢

Phys. Lett. B 728 (2014) 183-190

Y | VI anti-talgged TK" 1
® DIS,02<z<0.7 |
m DIS,z>0.7 1 [ i +
i o {.
i Hghyet ¢% 1 °
o0 1
B R AT L D
\ 4
8.8% slcale untl:ertaintyl | | | |
T (} K T
@ié%gg@g% W?% i?%
a |
1 Oaid [} i _
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e anti-tagged
e no scattered e* detected
e mainly Q=0
e hard scale P+
¢ PT > AQCD: higher twist

* Pr=Aqcp: no theory predictions
e = overall results, 98% of statistics

e DIS with 0.2<z<0.7
e mainly (@2 > Pr
e TMD PDF and FF description
e similar to Sivers amplitudes
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Fraction

Disentangling sub samples
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0.05¢
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Phys. Lett. B 728 (2014) 183-190
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e anti-tagged
e no scattered e* detected
e mainly Q=0
e hard scale P+
¢ PT > AQCD: higher twist

* Pr=Aqcp: no theory predictions
e = overall results, 98% of statistics

e DIS with 0.2<z<0.7
e mainly (@2 > Pr
e TMD PDF and FF description
e similar to Sivers amplitudes

e DIS with z>0.7
¢ (Q% >Pr
e TMD PDF and FF description
e large asymmetries for m*, K*
e exclusive processes (p,y)
favoured fragmentation



Transverse A polarization in
Inclusive measurement
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Motivation

Large transverse A polarization P* observed in unpolarized | 4’\
?

L)

s AT

p >096 GeV/c
8

hadron scattering experiments
Vast majority: negative polarization values observed,

except positive for K'p and >.°N

_20 -

N

POLARIZATION (%}

. . . . , 0
Magnitude increases with xr and pr, reaching plateau for -30f ;
- Vs=62
pr=1 GeV ) S:F;%’ \
-4U0r O (Vs=3.6) 7
\

| - { 1 1
0 0.2 04 06 08 1.0

g
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Motivation

Large transverse A polarization P* observed in unpolarized | 4’\
?

L)

pp—>AT

P >0.96 GeV/c

hadron scattering experiments
Vast majority: negative polarization values observed,

except positive for K'p and >.°N

_20 -

N

POLARIZATION (%}

. . . . , 0
Magnitude increases with xr and pr, reaching plateau for -30f ;
- Vs=62
pr=1 GeV ) S:F;%’ \
-4U0r O (Vs=3.6) 7
\

| - { 1 1
0 0.2 04 06 08 1.0

ep — ATX scattering? ‘¢
SIDIS (high Q2) P* x Dir, polarising FF
current measurement: inclusive (Q2~0)

parity-violating weak decay of A:in A rest frame, proton
preferably emitted along A spin direction

dN  dNy

i, a0, —— (1 + aP"cosb,)
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Atomic-mass dependence

Phys. Rev. D 90 (2014) 072007

T | T | | | | T | |
0.15} _
<D_C Ne
4
010 4 p e . -
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®
0 5
-0.05| —
111 | A I | A I |
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atomic-mass number A

e positive P2 for light nuclei
e PA consistent with zero for heavier nuclei
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Kinematic dependence

Phys. Rev. D 90 (2014) 072007
| | | |
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e H+D: PA larger in backward region — possibly influence of current and
target fragmentation
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Kinematic dependence

Phys. Rev. D 90 (2014) 072007
0.20 — O (2014)
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e H+D: P2 increases with pr in backward region, while constant in forward
region
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transverse momentum distributions (TMDs)

Y —— Summary
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----- » P2 - Phys. Rev. D 90 (2014) 072007
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Disentangling xg and Py
dependence
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