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The Spin Degree of Freedom

Spin degrees of freedom can explain otherwise surprising
phenomena and bring new insights into nuclear matter structure

Fundamental: do not neglect it !!
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The Spin Surprising Phenomenology

Drell-Yan pp—ee 0
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Describe the complex nucleon structure in terms
of partonic degrees of freedom of QCD

Important testing ground for QCD

Latest news from Deep AZ:O33iOO3 AG small at 0.02<x<0.3

Inelastic Scattering (DIS) From DIS and pp scattering

Phys Lett B647 (2007) 8-17 e-print 0804.0422
Phys. Rev. D 75 (2007) 012007

Proton’s spin

Understanding of the orbital motion of quarks is crucial!
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The real experience: 3D !




W, 9(x,k;,r) “Mother” Wigner distributions

Probability to find a quark g in a nucleon P with a certain polarization in a position r & momentum k
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TMD STUDIES AT
PRESENT FACILITIES



\A/

ysics reactions

[ SIDIS: rich phenomenology, the most explored so far ]
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Leading Twist TMDs

quark polarisation . L
Number density and helicity:
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The SIDIS Case

quark polarisation &
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S

quark polarisation

N/q U . T SIDIS cross section
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First Evidences
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2005: First evidence from HERMES measuring SIDIS on proton
A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002
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NUMBER DENSITY

nucleon polarisation
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r'he hadron multiplicities a»
Proton-deuteron asymmetry:

LO interpretation:
dN]I;l,(Z,QZ) - qujfdx fiq(.x,Qz)Dlhq(Zan) Ah = MZ - MZ
- M+ M

quj [ dx £,,(x,0%)
Reflects different flavor content
Correlated systematics cancels

h _ 1
MN - NﬁIS(Q2) dZ

SIDIS data constrain fragmentation at low c.m.
energy and bring enhanced flavor sensitivity
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Disentanglement of z and Py, ,: access to the transverse
intrinsic quark k; and fragmentation p

(Bi) =" (ke ) +(p7)

i.e. from gaussian anstaz
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The evolution
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TRANSVERSITY
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(THE COLLINEAR MISSING PIECE)
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Collins frag. @ B-factories

do(ee — hhX .
[dgzc(i Tods dq)) « (1+cos’ @) DD + usin® O cos(¢, + ¢, ) H;"VHH
,4,d9,49,
BaBa.f pl‘e]' - ary: Belle Oﬁ-_peak, Be].le full Statistics
245 fb-! 229 fb-! (supersec‘lle pgzv;cf)bui results)
o 035¢ S S S S S S S—. . A S R S A RS SR A | | =
= E[ e BaBar preliminary | : =
03 o Belle PRL 96.23200202006) BaBar =
0.25F Belle PRD 78 032011(2008) Prelin:tinary =
02f- ' i {3
- ' B =
015 : —
0.1 h] L, | p %" S
()1}5 E‘ %*; {i; {,’ ib - é _;
P K S P 3
L S I B S
(zl'zl)tm
e Doapanay | 0 L o
o Belle PRL 96,232002{2006) !
0.25 »  Belle PRD 78032011(2008) BaBar
02 :

0.15
0.1
005

llII'lllllll'lllllllIl'l]lll]lll]ll[l
(——
Illl'llllllllllllIlIlIllIIlllIllllIll

_0.05‘.‘1...1E.,1..11‘.21

Contalbrigo M. ELBA XII Workshop, 26" June 2012, Marciana Marina



L0 Tensor charge
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Transversity signals
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Transversity signals
P R ‘

Precise DATA
wide X range
test TMD formalism
tensor charge
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CAHN & BOER-MULDERS

nucleon polarisation

N
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Naive-T-odd
Chirally-odd
Spin effect in unpolarized

reactions "

(THE NEGLECTED EFFECTS)
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0 05 1 15 2 25 3 0 2 0 2 -
pr (GeV) pr (GeV)
[ Boer-Mulders offers a possible explanation V = ]’LI ><]’L1 J 03—
25 ~ . 05 _ B p+pat 800 GeV/e _
- W Fermilab E-866/NuSea pp ,L *p+datsooGevic’ T ] T @ prdaginGevie ]
2 @Fermilab E-866/NuSea pD = 7w +Wat252GeVic E615 1 o2 b : ]
L s | 4 T +Wat194 GeVic ] : I
B w. 1 015 F 3
g” " | E866 (pp, pD) ot [ |
< 1 > | el 1k -
& s F ; i '
02 ,i
' 2 ;
05 L P R ’ L s E L, ]
5 s 353 35 4 3 as 4 O BTG53 35 4
pr (GeV) Py (GeVic)
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The azimuthal modulation

d’0°™" (ep — e'hX)
dx dy dz d¢ dP;,

o { Fyyy p +€F, . +2e(1+8) cos(P)Fin? + escos(2) Fn®?}

Kinematical effect redicted since 1978
by Cahn due to non-zero intrinsic k;

-
o
T T

[ Cahn PLB 78 (1978) J

Leading-twist contribution introduced
by Boer & Mulders in 1998

1/o,, do/dP; (GeVic)”
-0:_ -

107% |

[ Boer & Mulders PRD 57 (1998) ]

Non perturbative contribution

107 |-
[} 1 2 3

' Py (GeVic)

Till 2008: qualitative agreement with Cahn expectations

2 s = (o N hmehom Eemetr
= % i
5 _ 1% * No charge separation
z = « Poor statistics for cos2¢
2 2
-,g g 01 |-
e-? (4]
:
© 02 |-
EMC (1987)
wi(y) ==y JA-y) /[1+1-y)]
3 | | | | | | i Iu 0'5 |
0 2 4 6 2 4 6
¢, (radians) ¢y (radians) Xg
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The azimuthal modulation

COS(} Up to 2008 COS2¢

i + \ 020: o I EIMC IIIIIIIIII
2 " og L7~ <P =0 s0eV }
E— . ! <p2>"*=0.6GeV J
g -01 | \?,;
2 5
Vol S ool
| EMC (1987) § 0 EMC (1987)
fi=C= 1=y /M+(1-)] OBE foly) = (L—y)/[L+ (L—y)7]°
X | | | % | | |
E665 (1993) ZEUS (2000)

0 01 |-

01 + \

0.2 |~

0.05

<cos ¢,>
<CoS 20>

o Lt I 1
1 1 1 1 0 1 2

P (GeVic) Pr" (GeV)
o . * No hadron identification
Qualitative agreement with

expectations based on Cahn model, but * No Charg.e §eparat|0n
investigation far to be conclusive * Poor statistics for cos2¢
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[ o0 o« h @ HE +[f1®D e ]/QJ

Non-zero ! 015 7 EoerMudme] 7 BoerMudee] . BoerMudsre.
o Ca=hn+BM — , Cz:lhn+=BM M— , Ca!;nn+BM
Issue on DATA consistency 015 |
01
< 0.05 |
< COMPASS °LiD [25% of 2004 data) preliminary 0
B §01 } { -0.05
= * b } L I Cahn] --- cahn] ---- Cahn ]
} } 015 F Boer-Mulders £ << Boer-Mulders £ ------ Boer-Mulders -
0.05 } i Pt i b1 I ;o — Cahn+BM | —— Cahn+BM | —— Cahn+EM
' ; } : f ; ”}}h }} ; } 102 107 03 04 050607 01 03 05 07 09
* ht+ P_(GeV)
IS 8 8 L2 R : : res
arXiv: 0912.5194
1aal il | 1 | 1 1
10—1 104 ) 0.2 0.4 0.8 08) 05 1 \
X z Pt [GeVic] Can be explained by
5 _ _ large uncertainty on Cahn
=2 0051 A ep—enX ; § | HERMESpreliminary) | and neglected HT effects
= . ] i ]
! )
g ., 1t . f 1oy
@ -} ) 3
8 0 E d [ [] & 5 g O
~~— I [m]
~ 1 S TR A
[ &
-0.05[ y - o
10™ 0.4 0.6 0.8 0.4 0.6 0.2 04 0.6 0.8 1
X y z P, [GeV]




The SIDIS cos2¢ dependence

Non-zero !

Issue on DATA consistency

Cahn T
Boer-Mulders |

----- CahnT ----- Cahn 7
------- Boer-Mulders Boer-Mulders
_— Cahn+BM

Cahn+BM

5 < COMPASS °LiD [25% of 2004 data) Hreliminary
§ .
oy } } i 0.1 + 1 !
i } } ----- CahnT ----- CahnT ----- Cahn
} } 045 b o Boer-Mulders £ - Boer-Mulders 1 -« Boer-Mulders |
0.05 by Pt i b1 I ]t — cahnseM | —— cahnseM | —— Cahn+EM
byt }}h }} 10?2 107 03 04050607 01 03 05 07 09
Lo Pabp ) IR x : X
] ! arXiv: 0912.5194
" .:'.6-2 — .1‘6-1 ) 0.12 0!4 0!. 0!!) 0:5 1 \
X z P} [GeVic] Can be explained by
5 _ _ large uncertainty on Cahn
B p—enX § | HERMESpreliminary) | and neglected HT effects
—=0.05 ; g ! : ]
A L ] 5 I I
@ j I £ 3 ] :
S o — % 3 c - A Precise DATA
« g " ° b o f 5 | f 7 wide kine. range
-0.05F 1 3 to isolate
> T R B . R S sub-leading terms
10" 04 06 08 04 0.6 0.2 0.4 0 608 1
X y z P, [GeV]
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SIVERS

Naive-T-odd
Non-trivial gauge link

N/q U L T "
1L
g U fl = hy o~ E
— Number i
-l& Density Boer-Mulders + ! _
(72)
"= . _— Process dependence
‘U gl o " L ‘ , ’ . e
— \~/
9 L
o W Worm-gear
c
o P E 3
Q0 LA L -~ ol h & -5
(8) o = Le g o - o 1
S fIT - IT Transversity
c T i L & ;3
Sivers Worm-gear hzr £ - (¢
Pretzelosity

(THE TMD CHALLENGE)



<
T

i

2 (sin(¢-0g))- 2 (sin(¢-dg)

-0.05 :

T
o
-

|

+

!

= R

s :

< i

7;,%o.os_—+ ++++—* ;
B : ' L] UL

N o; ________________ ..

0.05 7T -

o;— ------ ; ,F+_*+ + *;_+_H_+__+__+ ______
0.05" 2
HERMES p
0.15 Ktogp+ [ @ <@0) | = @*>(Q%x)

0.05 |

arXiv:1112.4423
;ﬂ) 0.15 TMD evolution TMD evolution
i HERMES ¢ HERMES  §
£ £ o1 COMPASS { COMPASS {
<
0.05—
0
1 1 1

)

2(sin(¢h-([> )) (Sivers)

08 > 02 04 068 08 1 12
z P; (GeV)

Non zero ! for positive hadrons on proton

Flavor tagging: K* signals larger than n

No signal on deuteron target

Jlab Hall-A n

= 1= s Quark-diquark

== Phenomenological Fit

munur Light-Cone Quark

== Axial Diquark

TS

\
ol

gl

-0.41 SNNRRRNRNRRNY - SNy
7777777 77 T
10 10 0 01 02 03 04 01 02 03 04
X X X Xpj Xoi
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x AN V(%)

0.1 r
0.08
0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08
0.1 =

The Sivers challenges

From SIDIS to Drell-Yan:

Sign change as a crucial test
of TMDs factorization

QP24 GoV? arXiv: 1107.4446
up
up (09) ——
down (09) ---------
103 e 107"

arXiv: 0901.3078

0.15

0.1

Aﬂ"(%“bs)

0.05

0

RHIC: p' p

\s=200 GeV

4<M<9 GeV 0O<y<3

0 0.2 0.4 0.6

XF

0.8
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The Sivers challenges

0.1

T 1
RHIC:p ' p
0.08 I Q204 Gev? arXiv: 1107.4446 1 | From SIDIS to Drell-Yan: 0.15
0.06 | 1 . ) Vs=200 GeV
ot Sign change as a crucial test 4<M<9 GeV 0<y<3
' of TMDs factorization
= 0.02 01
= 0 arXiv: 0901.3078 | ¢
< 002} %(z
-0.04 0.05
up
-0.06
up (09) ——
-0.08 down (09) ---------
Q.1 - L . 0
107 1072 10" X 0 0.2 0.4 0.6 0.8
XF
From SIDIS to pp: A possible candidate to explain SSA
Coverage at large p;and relation with twist-3 collinear approach ,
|k 2 Ay p+p —> m°+X at vs=200 GeV
2 a8 2 Q.15 H Spin * - PRD 70,074009
gT /d (I k )lSIDIS Spin ¢ PRD 74,114013
] et L Sivers (HERMES fit)
do/dq, 0.1H | twist-3
\ q.~ Q coll.fact. After 1St promISIng :O . :'0.25' '0 - 0.25' L

results a sign 7y mass (GeV/c) ;

mismatch was
found

0.05-

O

' q.<Q: TMD fact. 05%5-&5 ---------- B YV
i ' q. L i
fhac arXiv: 0801.2990 | &« B—d b | B L4
Agep << 9.« Q  same physics -0.5 0 .5 =05 C
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rers challenges

0.1 T 1
RHIC:p ' p
0.08 Q3-2.4 GeV2 arXiv: 1107.4446 - From SIDIS to Drell-Yan: 0.15
0.06 | 1 . ) Vs=200 GeV
ot Sign change as a crucial test 4<M<9 GeV 0<y<3
' of TMDs factorization
= 0.02 01 F
= o0 arXiv: 0901.3078 | 2
< 1
=< -0.02 | ﬁ<z
-0.04 0.05 f
0.06 | Soun Precise DATA
OB EOWR(OS), weas ] wide kine. range
e = pp X match other reactions G R EEEEEEY
test TMD factor. &
From SIDIS to pp: A possible candidate to explain SSA
Coverage at large p; and relation with twist-3 collinear approach
|k | Ay p+p —> m+X at vs=200 GeV
2 L 2 0.15F Spin * L PRD 70,074009
gT, p(z, ) / dek =4(z, k?)|smDIs | L spind oD 74,114013
| Left L ___ Sivers (HERMES fit)
do/dq, 0.1 i - — twist—3
\ q.~ Q coll.fact. After 1St promISIng :O . :'0.25' '0 - 0.25' L

results a sign - 7y mass (GeV/c) ;
9 0.05-

@ mismatch was <p>=3.7 | <np>=33
found I [
I q.4Q: TMD fact. O—{H ---------- R e S
i ' q. L i
Aocn arXiv: 0801.2990 | &« B—d b | B L4
Agep << 9.« Q  same physics -0.5 0 .5 =05 C
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TMDs describe a new class of phenomena
providing novel insights into the rich nuclear structure

Experiments have got access to all PDFs and FFs, but in a convoluted way,
first generation non-zero results provide promises but also open questions

Full coverage of valence region not achieved large x coverage
Limited knowledge on P, , dependences wide P, , acceptance
Flavor decomposition often missing hadron ID
Evolution properties to be defined large Q? coverage
Role of the higher twist to be quantified multi-dimensional analysis
Universality = Fundamental test of QCD complementary channels

Still incomplete phenomenology is asking for new inputs

Crucial: completeness
flavor tagging, wide acceptance and four-fold differential extraction
in all variables (x,z,Q?,P;) to have all dependencies resolved



TMD STUDIES AT
FUTURE FACILITIES



fe-p] ** JE BROOKHAVEN [p-p] 1000

Fermilab NATIONAL LABORATORY
Spaschenn bl Star, Phenix, Brahms, AnDY
E906 [p-p] 1 ’ ’ :

1 & , .Q.‘ [e*-eT] 10
FAIR [6-p] e \_KER Belle, Belle-Il

Panda '® Pax 15/




Fragmentation @ e+e- Colliders

Belle Detector |

Aerogel Cherenkov cnt.

SC solenoid f n=1.015~1.030

TOF counter
8GeV ¢

s ﬁ rac k|ng+ dEldx
& 1all cell + He/C ,Hs

Si vt! det.

3 lyr. DSSD

u/ K, detection
14/15 lyr. RPC+Fe

Babar Detector
Instrument Flux Return
Solenoid (1.5T)

Silicon Vertex Tracker
Drift Chamber

Cherenkov Detector

Electromagnetic Calorimeter

Different detector: systematic check !

Hadrons in opposite hemispheres:

do(ete” - hihaX) 302
dz1dz,dS2 - 02

A(y)) e;D1D;

a,a

Dependence on transverse momentum
FFs for various hadron: 2, kaons, (p, ... A)

Scale dependence: look for different c.m. energies

25
~
=
=
=
n
S 2|
e
=
<
=
RLT
o
+
N2
O |
5— + 4
4 ) R
Y(1S)  Y(2S) Y(3S). Y(4s)
9.44 946 10001002 1034 1037 1054 1058  10.62

e*e Center-of-Mass Energy (GeV)
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pp, pd Drell-Yan in the States

2.25
[ Unpolarized @ Fermilab to access Boer-MuIdersJ b ® E906 15 by
- - B E866
oPd 1 d(ggt) 175 F £ A NASI
— |1+ = s 3 — MRSr2
207P | Su 2 u(xy) a: 7 T
125 F Al [ ] cTEQS

pd

E906: test run this year ‘

Extends E866 measurements at 120 GeV
xsec scales as 1/s
background scales as s.

[ Polarized @ Brookhaven to access Sivers J 5506
-, + ., .
eter |n|<0.35 wru i 1.2<n|<2.2
300 T T T T T T T T T T
a) )
_ * Data [ * Data 1 o b RHIC I, 250 pb™"
- ] ] —0.02 " sratistical Drell Yan Sivers A,
200 —Fit/Sum - 1000+ — 2'GAUS + Exp] F # parciary ensmmarea
;‘ | . ‘: | J _0.04 L + statlstical errors
2' ==+ Signal g L === GAUS +Exp | I
) 3 | ] i STAR FMS
% *+ Continuum - =« Exponential =0.06 - "
- L + """"" b *** * *
5001 j 008 *
—0.1 -
\ 4 r * PHENIX
] 0 | | ] ] | _0‘12:_ = STAR
2 25 3 35 4 45 5 2 25 3 35 4 45 5 -
M,., (GeVic?) M, (GeVic?) —0.14 -W. Vogelsang et al., PRD72 (2005) 054028
1 L 1 1 1 1 1 |

L1 A . . N P -
0 0.5 1 1.5 2 2.5 3 3.5 4

RHIC experiments: preparatory phase photon rapidity y
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Valence antiquark Drell-Yan in Europe

+ —solid and dashed: Efremov et al,
[ Pion beam @ CERN ] - Ayt 0 % 0 g e PLB612(2005)233;
a5/~ o 0 e - dot-dashed: Collins et al,
o . o~ PRD73(2006)014021;
S [ Dimuontrigger COMPASS i e m—— . . .
§ F 2007 DY beam test - Lo - — solid, dot-dashed: Anselmino et al,
3 - y PRD79(2009)054010;
g #Y=14+5 - -~ T«—n\——‘ —boxes: Bianconi et al, PRD73(2006)114002;
2 o L ~eee-._.0O '
w 1o Expected: 20|+ 8 a.05 - 5 /’},// - short-dashed: Bacchetta et al,
[ i K - PRD78(2008)074010.
[ =—7years atL=17 10% cm?s"!
Q ? R
: f Y
L oasl Based on pion PDFs
C L | | | o 2 1 | | | l Ll
-on -0s 04 0.2 o 02 o4 o6 X
F
IR AR AU L PR AP O [ R P

2I I I2.2I ‘ I2.4‘ I ‘2.6I I IZ.BI |3| I I3.2I ‘3.4‘ I ‘3.6I ‘ '3.3' 4
M,, (GeV/c?)

1year run: 10 % precision on the
[ Anti—proton beam @ FAIR J h,,(x) in the valence region

M, > 2 GeV/c?

-

du(x)/u(x)
©
[
[«) Z& .
U
]
w
o
o~

T
o
|
|
—_—
o
X
e

PANDA: unpolarized target (s=30 GeV?)
PAX: polarized collider (s=200 GeV?)

o i
I

do' —do"™ . h (x) h,(x,) 710 - m,> 4 Gevie?
A = - 0 = Ay 500 —
do'" +do u(x,) u(x,) W

* u-dominance ¢ |h, |>|h.4l oo Ty
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THE TMDS ON THE
SIDIS LANSCAPE



The SIDIS Landscape

Limit defined by luminosity

do(ep — e'hX)

dxdy dzdP,,

Different Q2 for same x range

o« 3 e2C[q(x k)DL (2.py)]

—
N ¥ COMPASS 2 B
> 14 | A nermes \ A~
Q := CLAS12 v
g 12 [ CLAS6 A -
N/\ 7v7 7A7
g 10 | § A -
Vv i —A- -
8 I —A- -
i v . -
6 v A -
| _A_
- v A - -
4 - A o *
. A - - ®
2 - at ng e
TA—A- @
FEE B o
0 _I L L Il ‘ 1 L 1 L ‘ L 1 L " I L 1 L L | L 1 L 1 ‘ L L L 1 ‘ L L L 1 ‘

0.1 02 03 04 05 0.6

Complementary experiments
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Electron lon Collider

e-ion detector

Electron Cooling Possible locations
for additional e-ion

detectors

Snake

lR_’A

eRHIC

Sraks PHENIX

Beam
dump
Low energy Four recirculation
recirculation pass passes

30-225 GeV protons 50-250 GeV protons

3-9 GeV electrons e,p polarization 3-10 GeV electrons

\s ~ 20-90 GeV greater than 70 % \s ~ 25-100 GeV

L~ 0.7-6 1034 cm2 s L~ 0.5-3 1033 cm=2 s

High luminosity is better than high-energy: Sudakov suppression (soft gluon radiation)
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12 GeV CEBAF N

Beam current 90 uA
Beam polarization 85 %

Add 5

20 cryomo

cryomodules

Enhance equipment in
existing halls

add Hall D
(and beam line)

Upgrade magnets
and power

’ supplies

2008-2014:
Construction (funded at
99%)

May 2012

6 GeV Accelerator
Shutdown starts

May 2013
Accelerator
Commissioning starts

October 2013

Hall Commissioning
starts

2013-2015

Pre-Ops (beam
commissioning)
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:

CLAS12 H,D polarized targets up to 103°cm=2s-1 SOLID 3He, NH, polarized targets
complete” acceptance, hadron ID up to 1036 cm=2s-! large acceptance, pion ID




vist TMDs

Quark polarisation

U L T Spin effects in
0 unpolarized reactions
S, ° =pr dependence o YAORION P
- U ) number density - )
IS Number Density
= Boer Mulders Proton wave
2 components with
J_ .
® h different OAM
uark helicit .. —
S q y Helicity Worm-gear
Q
— ~ -~
g h 7 (8) -(¢)
Z L &2 ol A 2 e
f (o) - (o) ng (o - (w | Transversity
T . h 4 hJ' 3 A Collinear physics
Sivers Worm-gear T 2 -7 tensor charge
% Pretzelos:ty \

Orbital quark motion
non-trivial gauge link
rocess dependence

Proton wave

different OAM

components with

D-wave component
not-spherical shape
of the nucleon
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% HMS

7 GeV/c spectrometer
10°-90° angular range
e/h, w/K ID by Cherenko

Super-HMS

11 GeV/c spectrometer

9°-25° angular range o
e/h, n/K ID by Cherenko |
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scattering off spin-Y2 quarks 3'2 5 Rors (Q2 = 2 GeV?) p
Rps sensitive to gluon and o g'; : — T+ + —
higher-twist effects =t | R *} .
_ 02 }
RSlDlS(z,pT)=un-mtegrated RD|S/ 0.4 —1 | llllll[ll
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P,, Dependence

Map pf p;r dependence
for pion off proton and
deuteron targets

Pi=ps+z ki
+ O(ky?/Q?)

¢ = 90°

¢ = 180°

x, Qe, K,z = 0.3 3.0 11.0 0.4
2.0 T T T T T T T T T T
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1.0; " .-""-... b 3
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307 e 0 e S
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0‘2 1 l 1 I 1 1 l il 1 1 1
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~
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=
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o
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=
At pr> 0.2 GeV/c use s

b = 270°

dependencies measured
in CLAS12 experimen

10
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-

6 GeV
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space

a

11 GeV
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] _—— E00-108
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nt from H

T W A SN T
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n* from D
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@ninosity up to 103°cm2 SN

Highly polarized electron beam

H and D polarized targets

Broad kinematic range coverage
(current to target fragmentation)

T\OF + RICH for hadron ID /




CLAS12 Kinematic Coverage

. A
g 4o 10° 3 e +
8 wf Electron g" TU acceptance
@ 20;- : - 104 oa [
10} N e e . s
o(;.IIl;IIH;HH;HI 4‘ I;‘ ; I‘I;‘I al ‘II; Il1o 00"‘0.2"‘0.4"‘0.6“‘0.8”‘1".1:2...1E4lll1fslll1.8 2
p (GeV/c) P (GeV/c)
Large electron scattering angles (> 20°) Intermediate anguar range (15-25°)
mandatory to reach high Q2 values mandatory to reach high P values
c B
S
0 . - .I .ll.
@ . .....:__-I_! s
25 _: 102
0| :
15 |
ol % ' Electron |-
0(;‘ ‘ ‘: 2 ‘ CEI l li ‘ ‘5 l l(il ‘7‘ ‘ 8 9‘l l10 !
Q? (GeV?) Pt (GeV/c)

The CLAS12 forward detector is perfectly suitable for high-Q? and high-p+
measurements since designed to cover up to 40 degrees angles
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0.06 0.06
kaon
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Boer-Mulders spin-orbit effect

56 d @ 1035 s'cm

LH, LD, targets

Line: Phys Rev D78 045022
Boer-Mulders from Sivers
Collins from e+e- data

Band: Phys Rev D78 034035
Boer-Mulders from DY data
Collins from chiral limit

Perturbative region
Collinear factorization

Non-perturbative
TMD factorization
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0.05 0.05
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01| '
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0 1
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L Fy chlLDIJ

Helicity dependence of k-distribution of quarks

/ CLAS 5.7 GeV
0.5 racLAas12

0.4 -

0-3 | T .“'—"‘.‘:::; ............

0.2 -

M.Anselmino et al hep-ph/0608048
Phys.Rev.D74:074015,2006

A proton

fiz, k1) = fl(w)'wp(——)

01 __AAAAAAAAZ¥A+_

0
-0.1 -

1,2=0.25GeV2  up2=0.2GeV?

0

(2, k1) = gl(w)xp(—ug)

sin ¢ 1
v Xle H +..

sin¢g

o CLAS43GeV
" CLAS12GeV

)

2000h @ 103 s lcm
NH; and ND, target
Ppeam =85 %

beam

AS™Q/F

olLu

0.02 -

: CLAS 5.7 GeV
CLAS 12 GeV
0.06 (predicted)
0.04 - ‘+l+_ .+
- B
A~ 1/Q (Twist-3)

In the perturbative limit
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/HD-Ice target vs standard nuclear targets (less luminosity for higher purity) \
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CLAS12 Projections

Large x important to constrain High resolution and broad range in p; to test perturb.
the tensor charge non-perturb. transient and for Bessel function analysis
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Statistical Precision

I | [ | By I W Q? dependence of
< Statistical errors H h sin(¢-0g) Sivers asymmetry .
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Present: spectrometer pair

f‘l> C
& 120 c12-09-018 and This plot uses W>
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Oven
230°C

* 1o atm 3He
"/ | Some N,, Rb, K

T 0=
— Pumping Chamber

Helmholtz Coils

S S D

~90%  ~15%  ~8%
Use 3 COMET lasers (narrow line, high power) for
optical pumping of Rb vapor
Fast spin exchange (via K) by 3He hyperfine
interaction in oven; small part of N, to quench soft
photon depolarization of Rb

Polarized 3He diffuses to the target chamber

3D holding magnet field: spin to any direction

20 minutes spin flip / NMR and EPR polarimetries
Superior performances:

— Steady 65% polarization @ 15 uA beam (world
record)

E06-010 Target Polarization History

g
T

:{
o

Target Chamber Pol (%)

ol = Horizontal Transverse Spi
- Vertical Spin
0 500 1000
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Spin Flip Count




SBS Tracker rate 60 kHz cm2

3xGEM support rate > 10 Mhz cm
Hadron Armm

RICH

Electron Arm

RICH PID

High segmentation of photon detector
(2000 PMTs)

2-5% occupancy with 50 ns gate width
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SIDIS with Super-BigBite
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Luminosity: up to 1036 cm= s

Acceptance:

Electron 8-26 degrees
Pion 8-16 degrees

Gheremn
'é"H ea\k/g/)

Particle ID with Cherenkov Detectors:
Electrons CF, + CSI GEMs
CO, + MA-PMTs

Pions C,F + PMTs

Shashlyk /SciFi calorimeter




SIDIS with SOLID
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3 cm NH; polarized target

Dynamic Nuclear Polarization (DNP) by microwave

1k refrigerator

Radius of GEM plane 1

hibrteey (5,1 D.0) VS Wiroay S(6.1.0.00

Azimuthal angle(lab)

| Forward Angle 82.92 msr @ 0.6-8 GeV |
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SIDIS with SOLID
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Complete 3D mapping (momentum space) of the nucleon in the valence region
High potentiality of the complementary programs of 3 experimantal halls

» Access to leading-twist poorly known or unmeasured TMDs
(3D picture in momentum space, relativistic effects, spin-orbit effects, nucleon tomography);

[ UPA: Number density, Cahn, Boer-Mulders )

*

SSA: Transversity, Sivers, Pretzelosity, h,, worm-gear functions;

* DSA: Helicity, g, worm-gear function;

- /

» Multi dimensional analysis in x, Q?, z, p; thanks to large-acceptance and high-luminosity;

precise mapping of the valence (tensor charge);

disentangle parton distribution from fragmentation functions (x vs z);
isolate sub-leading-twist effects from 1/Q dependence (g, as side product) ;
flavor decomposition of pT dependence (Bessel analysis);

investigate perturbative to non-perturbative QCD transient from p; dependence;




