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®» The HERMES experiment.
#®» 3D picture of the nucleon:
® A &A Ay insemi-inclusive DIS.
# w—meson production:
® SDMEs & A ; from exclusive DIS;
# Extraction of nw transition form factor.
# pY%meson production:

#» Measurement of helicity amplitude ratios; %‘ W


http://theor.jinr.ru/~spin/images/fuete.mp4

HERMES at DESY

Self-polarized e* and e” beams
27.6 GeV
Helicity switched every few months

Atomic Beam Source: ' Systt.atm for
generation of target e m_ on.ng
polarization polarization

Storage Cell

Polarized hydrogen (Long.,Trans.), deuterium (Long.)
Polarization flipped at 60-180 s time interval
Unpolarized H,D,He,N,Ne,Kr,Xe
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The HERMES Spectrometer
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® PID: RICH, TRD, Preshower and Calorimeter; lepton-hadron > 98%
# Momentum resolution of charged particles: 6P/P =~ 1.5%
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3D picture of the nucleon

Wigner distributions W (X, Kr , _bl)
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TMD PDFs:f %(x,ky), .

Semi-inclusive measurements
Direct info about momentum distribution
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GPDs: H,9(x,§,t), ...

Exclusive Measurements
Direct info about spatial distribution

PDFs f 9(x),...




Ayr & A4, A, in semi-inclusive DIS

#® Unpolarized & longitudinally polarized e*/e- beam

#» Transversely polarized H target

® Unpolarized H & D targets
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Semi-inclusive DIS processes (SIDIS)

quark polarisation
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SIDIS processes:

# Describe spin-orbit correlation: correlations between the hadron transverse momentum
and quark or nucleon spin

® Sensitive to quark orbital angular momentum
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The SIDIS cross-section
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The SIDIS cross-section
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The SIDIS cross-section
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Transversely polarized quarks: Collins effect for pions
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#® Opposite in sign for charged pions

#® Disfavored Collins FF large and opposite in sign to favored one
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Transversely polarized quarks: Collins effect for pions

sin( ¢, +¢s L
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#® Opposite in sign for charged pions
#® Disfavored Collins FF large and opposite in sign to favored one
® 3D projections allow to constrain global fits in a more profound way

# 1U amplitudes increasing with x at large P, |
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Collins effect for kaons and (anti) protons
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# Positive Collins SSA amplitude for positive kaons
# Consistent with zero for negative kaons and (anti)protons
# Vanishing sea-quark transversity?
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Sivers amplitudes for mesons
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# Larger amplitudes for positive kaons vs. pions
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Sivers amplitudes for baryons
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u-quark dominance (and not a FF effect)?
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The SIDIS cross-section: A, amplitudes
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A, amplitudes: Subleading twist
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# Significant positive amplitudes for (in particular positive) pions
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A, amplitudes: Subleading twist
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® Mostly consistent with zero for other hadrons (except maybe K*)
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A, amplitudes: Subleading twist; 3D extraction

F,_Si,n(%) oC % hlLE D Xng1 @D % flGL D erlL Convolution of twist—2 & twist—3
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® 3D projections allow to constrain global fits in a more profound way
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A, amplitudes: Subleading twist
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® Opposite behavior at HERMES/CLAS negative pions in z projection due to x-range
probed in different experiments.

#® CLAS is more sensitive to e(x) Collins term due to higher x?
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A, amplitudes: Subleading twist
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Consistent behavior for charged pions (hadrons) at HERMES/COMPASS for isoscalar
targets
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w—meson production from exclusive DIS:
SDMEs & A ¢

#® Unpolarized & longitudinally polarized e*/e- beam
#® Unpolarized H & D targets

#® Transversely polarized H targets
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Exclusive meson production

® Probes various types of GPDs with different
sensitivity and different flavour combinations

# Complementary to DVCS process

® Unpolarized target: 3
nucleon-helicity-non-flip GPDs H, H and
E.=2H. +E..

®  Transversely polarized target:
nucleon-helicity-flip GPDs E, E and H;.

NPE (JP=0%, 17, 2*...) (two-gluon exchange = pomeron,
p, w,f,, a,, ... reggeons = dd exchange).
UPE (J° =07, 1%, ...) (m, a;, by,...reggeons = qQ exchange)

N{P) e N(P')
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Angular distribution and extraction of SDMEs

Three-dimensional angular distribution WY*H(®, ¢, cos 0)
depends linearly on SDMEs —r% ;. ‘and beam polarization Py,

~ N F “ F
L Py, T Ay AL A A A 40 T an ar Al 4
)‘VXV 2 N AU AL 4 rr 4
7y NN /I
v* (A) + N (Ay) > V(A)) + N(X'y) Photon SDMEs [ Helicity amplitudes ]

» are the fundamental
quantities to be compared with theory.

# They form a basis for the SDMEs.

® Forlongitudinally polarized beam and
unpolarized target there are 23 SDMEs:
15 unpolarized and 8 polarized.

lepton
scattering plane

® The SDMEs are extracted by fitting the angular
distribution WY*H(D, ¢, cos ©) to the experimental
angular distribution of pions from w - decay
using unbinned Maximum Likelihood method.

w production plane
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Exclusive @ - meson production at HERMES

e(k) + N(p) -» e(k’) + N(p’) + w
w->nt - 70, a2y

= entire kinematic region
=40 SIDIS background from PYTHIA
g

£

L

-

—

AE [GeV]

Kinematic conditions:
1GeV? < Q? < 10 GeV?,
001 < xg < 0.35,

3.0GeV < W < 6.3 GeV,
0<—t=—(t-t.) < 0.2 GeV

Two photon invariant mass:

0.11 GeV < M(yy) < 0.16 GeV

Three-pion invariant mass:

0.71 GeV < M(m*n—nY) < 0.87 GeV

Missing energy:

AE =

MZ—-M?
1M2: + — + =" 0 ?
2M x =(P+9-p_.—pP_—Po)

o 5 10 15 20~Exclusive region: —1.0 GeV < AE < 0.8 GeV

24
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SDMEs in exclusive @ production

Eur. Phys. J. C74 (2014) 3110
5 — @ b5 classes of SDMEs

® Unpolarized and polarized SDMEs

Vs T e i ......... + SO0 OO # Similar magnitudes of SDMEs
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Extraction of mw transition form factor

1
=1-r) +2r% -2r; — GK model
o = L 1_1 S. Goloskokov & P. Kroll,
Eur. Phys. J. C 74 (2014) 3110 Eur. Phys. J. A 50 (2014) 146
e 2.5
5| ¢
1.5 B %
1F E Only the magnitude of the
0.5} E nw transition form factor
: Fr i s i krrrrEr Tl ) (not the sign) can be evaluated.
1 2 R) 4
2 2
Q [GeVT]

® Thesolid line show the calculation of the GK model
with pion-pole contribution
Dashed line are the model results without the pion-pole.

#® The pion-pole contribution seems to account comletely for UPE.
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Exclusive @ - meson production: A,; asymmetry

e(k) + N(p) -» e(k’) + N(p’) + w
w->nt 70, 7’2y

Angular dependent part

w(, d ) =1+ A5 cos(¢)+ A cos(24)

o5, A sin (g4 )+ sin (g4,
A sin (g, ) +AR s (2 - g, ) +A5 s (394 )

W45 0) =21 005" (O)W, (4 )+ (L1 Jsin? (0)wr (4.6,

of w—decay pions

W, (¢’ s ) =1+Au.L (¢) + SLAUT’L (¢’ Ps ) [Fit angular distributions]
Wr (¢1 s ) =1+Au T (¢) +S Aurt (¢’ /8 )
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Exclusive w - meson production: amplitudes of A,

Eur. Phys. J. C 75 (2015) 600

Ef oo k - - %l 0.6 | GK model
e -O = 2204 | S. Goloskokov & P. Kroll,
< -ﬁ; -|= = 0.2 | Eur. Phys. J. A 50 (2014) 146
0.2 F -0 |---
04 F 1 -0.2 |
[ | [ | [ ] I [ | [ | [ | _04 [ | [ | [ | I [ ] [ | [ |
0 2 v 0
Q% [GeV?]
= 0.4 =
s 02} ST %...:50'4- Me
“.:,:E] 0O Ftge---F---acn-- 0.2 |- }’_‘-/
0.2 F T .. O o=~ =—"
0.4 | 1 4, -:-_l--:_| -0.2 | lJ_li'I .: ‘l
0] 0.2 0 0.2
-t [GeV?) -t' [GeV?] Pion pole
» The solid ( ) lines show the calculation of the GK model 1
for a positive ( ) w transition form factor o t-m?
_myz'

» Dashed lines are the model results without the pion pole.
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p® —meson production from exclusive DIS:
Ratios of helicity amplitudes

#® Transversely polarized H target
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Exclusive p® — meson production, helicity ratios

e(k) + N(p) -»> e(k’) + N(p’) + p°
pO - 17t 1T

lepton
¥ scattering plane

N{P) e N(p")

V¥ (A) + N (Ay) > V(A,) + N(X'y)

Helicity amplitude ratios:

tor = Taz ! Tosos n=1 4, =4, | | T4? —NPE Amplitude
ul =U0 1T [N=2 A, %A, | | UL —UPE Amplitude
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Exclusive p® — meson production: helicity ratios
Eur. Ph s.J.C77(2017) 378

Dominant amplitude: NPE nucleon-helicity
non-flip t&’ = O by>50
_ « . _ . (1)

UPE nucleon-helicity non-flip u;;? == O by > 40
Nucleon-helicity flip m t$, Imu®,
Imu? = 0 by 2o

Retgj) . 4=—=|8 Significant nucleon-helicity non-flip

" e Ret® = 0 by >50

ot EENE & U phase from EPJ C29 (2003) 171

Te“g,. TTYT o EPJCTI(2011) 1609 Gy = p

Ret i - » .

imty e Overall good agreement between direct

@r : . . 9 o

Rety | e extraction of SDMEs and SDMEs via helicity

Imt to- q 0

LBt . amplitude ratios (not shown here).

Rt | e Newly obtained SDMEs

Ret,, P

mt’ | o

Reu?, | o . Talk Mon 18h40

muy [ R T by S. Manaenkov

0.2 0 0.2 0.4 0.6 0.8 1

Amplitude ratios
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Summary

# 3D picture of the nucleon:

® Ay and A in semi-inclusive DIS: 3D extraction, including protons:
contribute to understanding of various TMD PDFs @ twist 2 and twist 3.

» A, in semi-inclusive DIS: 3D extraction.

» Measurement of w —meson SDMEs & A ;; asymmetry amplitudes from exclusive
DIS: good model description with inclusion of pion pole.

$ The sign of the nw transition form factor

#® Measurement of helicity ratios from exclusive p® —meson production in DIS:
model description with inclusion of pion pole.
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Thank You
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Backup slides

Backup Slides
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Sivers amplitudes
For ™) oc £ (x, p? ) ® D, (2,k7)

0.00 <P, [GeV]<0.23 0.23<P, [GeV]<0.36 0.36<P, [GeV]<0.54 0.54 <P, [GeV]<2.00 0.00<P, [GeV]<0.23 0.23<P, [GeV]<0.36 0.36<P, [GeV]<0.54 0.54<P, [GeV]<2.00

S 02f 4 3 ~  HERMES PRELIMINARY S 02 - ] - HERMES PRELIMINARY
P~ F F F 7.3% scale “uncertainty = T E E 7.3% scale | funcertainty o
¢ ™' 3 vooElty Y T 3 - 3 8
S orbbapfp iy Eniniail booop s +"“ ; A Sk 7-+---*---;-'-;+---+----;-"-*-+ """ "
7 o1 - - - 5 5 01 = 3 = r B
N 02 - - — ~ 02 — : :
02 — = - = 02 = = =
01— = 4 ] = $ & 01— = o = 5
Ch e I T & Syt L e b Ee »
S 2 | R F T T : e T ity
-0.1_ E = E 8 -0.1:— = = = g
02 __ — _ _ 02 _ e =
02 = 3 = 0z 5 s =
0.1 - E E E ¢ e 01— = s = 2
N g ++ "I I Y 3 - 1 } : B bE } n
Op-togootoo oA REERREEE SeRRELELEEE Jaitl T e S
] ] ] P e TIE SR :
02 £ C = 0.2 _ . e =
0.2 " i g i + 02 - - =
o1 3 ST A = R S o1 5 - = 5
Of—“*---t---f—u-‘l---t---f—“ -------- R °--1:*1|--+-----++----+------H;---*----i“"-r"
0.1 = = = 2 01— = t = = g
02 — ‘ = _ = 02 : — — e —
0 I 012 (; 0.2 (; 0.2 (; I 012 I 0 0.2 0 0.2 0 0.2 0 0.2
X X
» 1t amplitudes positive; m~ amplitudes = 0
# 1" amplitudes increasing with x at large P, |
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Sivers amplitudes
For ™) oc £ (x, p? ) ® D, (2,k7)

0.00<P, [GeV] <023 0.23<P, [GeV]<0.36 0.36<P, [GeV]<0.54 0.54<P, [GeV]<2.00 0.00 <P, [GeV]<0.23 0.23<P, [GeV]<0.36 0.36<P, [GeV]<054 0.54<P, [GeV]<2.00

S 02l 4 2 ~  HERMES | PRELIMINARY JERC K* = —  HERMES | PRELIMINARY
“ o1 E £ E ; 7.3% scale —unce:ainty o “% o025 E + E 7.3% scale | uncertainty -
= T E = F = ] = U - E = =
e e s T R S T A Ta
[= 015 E = E o c B E E } E + o
@ i 2 g 2 @ 0 3 3 e { 8
N 02 : — — N 05 = = _—
0.2 — = = - 0.5 a2 E E
01 =4, E ¥ -+ V|3 025 - - 3 2 5
e T e LY N ETEREAN TN VTN T
o1 ! : : : 5 : ; i
02 __ — _ _ 05 = = e =
0.2 - = = = 0.5 = = 3 =
: S AR T b | 3
o:_+f_+___1'____:_“J-___t___:_t ________ : o n og—i'q.-*---t----:-+-+-+---*----§—+ ----- t---g—‘-”---‘---- .
o1 = = = 2 025 - i - - 2
0.2 E , = E 05 = I | =
0.2 - § § § 05 - _+ 2 2
E E E = (] E F F E o
01 5 TR I 025 g v T | S TR -~
NRTYRN ¥ L X TR AN SR SFYRREN ST YA
01 = = = S 025 - 3 = E
0.2 ‘ 2 . =2 £ 0.5 I | | S |
o 02 o 02 o 22 0 T 0 02 0 02 o0 02 0 0.2
X X
# Kramplitudes positive, larger than it*
® Non-trivial role of sea quarks?
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A, amplitudes: K*

FLSS(%) h hlLE @D Xng1 @D % flGL @D erlL Convolution of twist—2 & twist—3

2<sing >
0>

Z Z
0.023 < x< 0.071 0071 < x < 0104 0104 < x < 0.149 0149 < x < 0400 0023 < x< 0.071 0071 < x < 0.104 0404 < x < 0.149 0149 < x < 0.400
~ F 2.6% scal for H imi 2|~ - 2% scal inty for H imi
f N e T A R R | FERMES Pl |
v [ H FEE 1 |
bt
02f X X - ; 02f L { | ';L | §
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A, amplitudes: p & pP"

F,_Si,n(%) oC % hlLE D Xng1 @D % flGL D erlL Convolution of twist—2 & twist—3

2<5;|nc|3h>LU
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~04F b 2.6% scale uncertainty for H |- HERMES Preliminar A~ F 2.6% scale uncertainty for H R
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