Argonne°

NATIONAL LABORATORY

Study the Nuclear Effects of TMDs and
Fragmentation Functions

using SIDIS and Drell-Yan Processes

Zhihong Ye

Medium Energy Group, Physics Division
Argonne National Lab
09/11/2017, INT Workshop

é:\ U.S. DEPARTMENT OF
.4/ ENERGY



Our Visual Images of a Nucleus

» How are protons and neutrons bounded together into nuclei?

» Are protons and neutrons behave differently when they are free and when they are bounded?

Are the nucleon distribution functions different from the one 1 nuclei?
(e.g, not just PDF, but also TMD, Fragmentation Function, GPD and even
Wigner Distributions)



\______________________________________
Medium Modification on the Longitudinal Direction!

> EMC Effect on PDFs: | Arrington et al. PRC 86, 065204 (2012)

= EMC Effect: A nucleon’s structure function (Fy) is modified when placed in different nuclei
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= Active experimental programs to continue pursuing this issue at Jlab-12GeV RanNiotar/Niso1

(Trium Experiments, many Hall-C expermments ), EIC and SeaQuest
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Medium Modification on the Transverse Direction?

> “Facts":

= The SIDIS “effective-neutron” data from the Deuteron or He3 target should carry medium
modification effect;

To early to worry about such effect due to the imited experimental accuracy of existing data
= In SIDIS, the modification effect comes from both the TMDs and the Fragmentation Functions (FF);
= FFs measured from (e+,e-) are not ideally the same as ones in nuclei (even in the free proton and

neutron!)

> Questions:

*  Maybe the reason that we still don’t understand the EMC effect 1s because we only look at 1D-PDF?
A nucleon 1s a ngid and compact 3D object described by a 51D Wigner Distribution;

= Is the Transversity (i) larger or smaller than g, P
Theoretical calculation indicates a large modification effect on g, than £, @ Cloet, PRL 95, 052309, 2005)

= s a nucleon more easier to be modified along the transverse direction (stronger modification effect on

TMD)?
= A new way to study orbital angular momentum n nuclei?

(Y.V. Kovchegov, M.D. Sievert, Nuclear Physics B 903 (2016) 164-203)

> Is it too early o worry about medium modification on TMD (and GPD as well)?

EMC effect in PDFs was discovered >30 years ago and 1s still not fully understood.
o



SIDIS Process
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Medium Modification in SIDIS

» Extended to the 3D Dimension (unpolarized case): SIDIS Process
b
* In 1D study, we detect different hadrons to tag quark flavors = ‘Tq ] = Pny
* In 3D study, we also measure the additional quantities: g=I1-1

v Longitudinal momentum of the detected hadron (“z”)

¢ *=—¢*=4EE,sin’ /2
v" Transverse momentum and of the detected hadron “P;” Q= e )

v Azimuthal angle of the hadron (“¢p,”) L9 _qP
v" For polarization measurement, also measure “¢g” oMy M
» Atleading order, the unpolarized cross section: y= EI;EI' = ?_P
do™ _ 4ma’s y? 9 eq N __PP,
d:l:dyddePT Q* (1-y+ 2 )zq: eqlfi ® Digl, P-q
2 127 (2 Py
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= With Gaussian Approximation: PRD 71 074006 (2005) (k3)=0.25(GeV/c)* (p7)=0.20(GeV/c)?
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Integrating over k ;(not an experimental observable), we have the unpolarized SIDIS cross section Caahn Effect
dsa.ep—.ehx - 22‘71'6! f (xB)Dh (Zh) 1+ (l y)2 (2 - y)\/l - (ki)ZhP7_ COS¢ 1 _P;KP%)
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And we also can add the Boer-Mulder Term (very small): = A+ Bcos, + Ccos2d,
a dxpdQ*dz,d*P ¢ 6




Medium Modification in SIDIS

> Study the A-dependence of the transverse momenta (P;, k; , and p ;) distributions:

Betore applying the Factorization Theorem (model safe)
Fin bins in (Q? x, z, P) for D2 and heavy nuclei
Take XS ratios to study the changes of correlations in A’s

O-flll(er X, Z, PT)

052(Q% x, 2, Pr)

RA(QZl X, Z, PT) =

Their slopes (if linear) as functions of A or A!/3

Exam their z dependences
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Medium Modification in SIDIS

> Extraction of k; and p; distributions (A Rosenbluth style of extraction):

In the Parton Model : PT =p, + th 1 + 0(=), approximately a linear correlation (not 100% correct in full QCD)

QZ)
When 2,20, we can extract the distributions (or moments) of p, in different nuclei.

The slope gives the (“relative”) distributions (or moments) of k, in different nuclei.
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To be interesting to see:

o The widths of in different nuclei compared to D2. i.e., From k 1 » does the quark shrink or enlarge when
the nuclear number A is changing? And, from B, , does the quark shrink or enlarge after it is struck out?

o By extracting the first and higher moments, can we determine whether the transverse momentum
distributions are like Gaussian shapes or something else?

We can further study the XS ratios as functions of k ; and p ;, and see their medium effect in TMD and FF

separately by fixing one quantity while studying the other .

h(n?2
O-A (Q 'x;Z;PT) TMD > ,
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ol (Q% %,2,Pr) Rajp’ (Q% %, k) - Rajp (Q%, %, 71)
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Medium Modification in SIDIS

> Measuring Medium Modification Effect of Boer-Mulder TMD & FF:

"  When probing p dependence, the SIDIS cross section with unpeolarized nuclei contains angular
dependent terms:

g x A+ B-cos(¢py) + FUCZS(Z%) - cos(2¢y)
» The cos(2¢y) dependence module gives the BM convoluted by Collins Fragmentations:

Fyos2P0) (x, 7, pr, Q%) « {cos2¢n))yua % hia(x ki, Q%) ® Hia(z, D1, Q%)

=  We can separated them by mapping out the x & z dependence, e.g:

cos(quh) 2
5 F, (4xzprQ?) _
RZOS( ¢h)(x Z, pTJ 2) - coS(2¢ ) ! A/D (X pT)Q )® (Z th 2)
D UU h (ZDﬁxizﬂpT’Qz)

= With the parton model, one can use the approximated relationship, ﬁT =p, + ZhE 1, tostudy the
medium modification effects of BM TMDs and Collins-FF seprately at the same time!

= At the bottom line, we can safely study the correlations of cos(2¢) vs. Py in different nuclei, before

worry about the theory issues, such as the factorization region.



New Study with CLAS12

> First Nuclear TMD measurement with CLAS12 in Hall-B:

>

D)

» Existing approved experiments (Run-Group B, D and E) contains all
unpolarized targets we need to study SIDIS from light to heavy nucle1
** Developing a new run-group proposal on top of these to perform the

first measurement of nuclear TMD and Fragmentation Functions

(7.. Ye, H. Avakian, K. Hafid1)

*

L)

»  Working closely with theorists who are performing the first calculation of Unpolarized TMD, Boer-
Mulders TMD and others in nucler. (I. Cloet, Xin-Nian Wang, and Z.'T" Liang)

’0

» Will extend the study to polarized target to study nuclear medium modified gl-TMD

/

* Would be pioneering study on nuclear-TMD before EIC

E12-07-104 Neutron magnetic form factor Gilfoyle A- 30 Neutron liquid
PR12-11-109 (a) Dihadron DIS production Avakian - - 90 g?g:tg sector) 1 B @
E12-09-007a Study of partonic distributions in SIDIS kaon production Hafidi A- 56 Forward tagger K. Hafidi

E12-09-008 Boer-Mulders asymmetry in K SIDIS w/ H and D targets Contalbrigo A- TBA

E12-11-003 DVCS on neutron target Niccolai A 90

E12-06-106 Color transparency in exclusive vector meson production Hafidi B+ 60 60 " D Nuclear
E12-06-117 Quark propagation and hadron formation Brooks A- 60 60 1 E /Nfc_k%\

We also can have similar study on SoLID (more statistics, lower uncertainties).

NI




New Study with CLAS12

» Simulation Study:

O Beam energy, EO = 8.8 and 11 GeV
O Targets:

a) D2 (totally 90 PAC days, plus approved E12-11-003 and other CLAS12 Run-Group B experiments)

b) H1, D2, C12, Fe56, Sn119 (totally 60 PAC days, with 40+ days of production data taken, together
with approved E12-06-106)

c) N14, Ar40, Kr85, Aul97 (totally 60 PAC days, assuming 10 days for each target, together with
approved E12-06-117)

Rate (KHz)

O Hadrons: detecting all pions and kaons
C12

O Acceptance:
electrons: 6.5 < theta < 40 degrees, 0< phi < 360 *80% (Gaps between six sectors)
hadrons: 5.0 < theta < 40 degrees, 0< phi < 360 *80% (Gaps between six sectors)
O Using unpolarized SIDIS generator developed for SoL.ID to generate MC events
O Using CLAS12-FastMC to build in the CLAS12 acceptance; Assuming 85% totally detector efficiency

O Using the maximum CLAS12 luminosity (1e35/A cm-2 s-1, note: scaled by the nuclear number A)

o 11
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New Study with CLAS12

> Binning of MC Data (Binning method as demo):

| p(e,en)X, E .=11GeV, Count in 1-day

| p(e,en)X, E.=11GeV, Count in 1-day !

10

p, (GeV))

Q* (GeV?)
n
T T

T2 04 o 0608
O Bin the Q2 and z first, by defining the following boundaries:
Q?[5] = [1.0, 2.0,3.5,5.5,10.0] GeV?, z[7] = [0.3,0.35,0.4,0.45,0.5,0.6,0.7]

1 0.07—53 0.4 0.5 0.6 0.7 !
z (GeV)

O Further bin the data on pT and x:
pr[< 9] =10.0,0.2,0.4,0.6,0.8,1.0,1.2,1.4,1.6]GeV /c
Note: merge a bin to its larger bins until the total events >= 1e5 (before binning on x)
xg[N] = [from 0.0 to 1.0, step=0.02], increase the step size if the total events in the bin is <le4

O Projected results (see plots on next few slides):
a) Choose (12 target as examples (other targets should have similar statistical budges)
b) Each projected data file has the detected hadron (pi+,pi-, K+, K-), and in which (Q2, z) bin
c) Statistical error delta_stat = 1./sqrt(IN_exp_count)
d) No central values of any observables. Need theoretical inputs

12
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New Study with CLAS12

» Projected Data Coverage and Statistical Accuracy:
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New Study with CLAS12

> Projected Data Coverage and Statistical Accuracy:
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New Study with CLAS12

> Projected Data Coverage and Statistical Accuracy:

12¢(e, e’ KH)X

1.4__"'"i 1A0’<Q.-’<z.r/‘ [ etaag 1.0‘-<Q:’<2JI [ %eaaz 1.(I<Q."<2_0. '_""-i{ 1.0-<Q."<2{l -_nm.ii 1.(T<Q.:<m -—n'ii LU<Q.-’<2.II
1.2__%.!{ 0.30<z<0.35 [ raanng ; 0.35<z<0.40 [ teaansi 5 0.40 <z <0.45 __""""ii i 0.45<z<0.50 '_""‘--ﬁiﬁ { 0.50 <z <0.60 '_g‘a'n;iﬁ i 0.60 <z<0.70
1 O—Mq....'é [eetanangy, F ‘“"“'l"'ii F .n'c.....-‘.i F -'"'““"'i Fimaatansy
0‘8'-“-“"'% | et tnnnnn gudd [ duannn e ytan t -nn-......& Ftananangsuns fmnn-..qi
.8 - - = ¥
0.6 —mmmé r -lnn-u-.-.n.aﬂi r -lnln-n-n-..j nnnn-...{ -Lm.“nngn.ﬁ
: —_'ﬂlnm.‘- | Manangnsannqaa®®® -_'-nn...'.-.n-q Fataut e, apnat F '"---..-.-.-..... -_?"'ﬁf-“‘n.
0.4 :i""ﬁmnﬁ"q -_ "‘-n'a-n--..‘. »— “"a."ln.-lan'. »— .".Cn'.“.-nla »_ '.‘ann.-.nt i »_ !"‘-d'ﬁ-nq.!n
0.2~ Sy o Pyt tay, [ v et [ *eea, uge ', % [ s auatane o, | etunat ea® o
C 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 I- 2 1 1 1 1 1
1.4-_ ""'if 20<Q°<35 [ seseagg 20<Q°<35 [ sesensf 20<Q°<35 L seenngy 20<Q°<35 [ Seesagg 20<Q°<35 [ waigg 20<Q'<35
J 2__ i { 0.30<z<0.35 T { { 0.35<z<0.40 [ ety f{H 0.40 <z<0.45 i sanaagsiz { { 0.45<z<0.50 8 "'“'"iﬁHH { 0.50 <z<0.60 [ el H H 0.60<z<0.70
1.0 C Satennsnguags -y, “iq{ """"---"iiﬁ} e e, !i}'If Foartuniny ﬂ
s SattaaaRRanal g Ry naaﬁannnc.lii{ nlccccn.n.".q L"mmnnﬁ%
0.8— - - - - -
P oesmmaasemen g nm g i -nnnnn-nn..qil Saann prppeT T} p.......n...n..-gil
0.6 -_ R PR N Ul gn gu atann g 2 g aatn gl -_ Taagaaaanataatagan ity N ‘n.a.n-n..-._.-..i B "-n.nn.-n..a“. B iﬂ!mnﬂn..ln.-“
04 -_ .“mn!nn.-nﬂj [ "‘“nnnnn.n.n..{ N i'"n‘nnn.-.!n. ""‘nt.-n.nn-.! n ----.-.--.....---3 n 'l‘.ﬂ..-l‘mm.lq.
0‘2__ By atuyttantypnen i [ "-'.nn!n‘-".!i L e T PTPPPET I | L] i"‘n'ﬁn.na‘--“'ﬂi Tanngnuat Saaun gty g '-.-.n..ﬁ".-l.ﬂ
(IR NP SRR TPU NP SR [N SN AU ST TS ST (TS ST ST S ST AU ST T S ST S ST S S U S ST ST ST ST S ST S U ST ST ST ST ST ST ST S AU ST S ST SR ST SN S '
r ﬁ;ﬁ 35<Q’<55 [ i;;;ﬁ 35<Q’<55 i;;;ﬂ 35<0°<55 i{.ﬁﬂ 35<0°<55 k;;ﬂ 35<Q°<55 35<Q’<55
;;_— 0.30<z<035] !"'"“H{HH 035<z<040 | i"““iﬁﬂﬂ{ 0.40 <z <0.45 i’"“iﬂfﬂ { { 045<z<050 | i"'“iﬁHH} { 050<z<0.60 | oo { 0.60<2<0.70
1-0_ HH LTI PO - Fesaasatuniggyd i ;nln.“;ﬁ;ﬁ{ﬁ Fesasanniyiggy iﬂ ii!iliﬁgﬁﬂ
0.8_ menmsnesemei] Buasunansaunning LT Sateussansnnznattf Seassssusaantygasid Fasnennnuii
.8 - - -
0.6 + m.-..d{{ [ LT L T T 1 ] T a.nnn...;iﬂ, itnnnnn-.-"";ﬁl §n-.nnunlng§ii}<
L W - ﬁ-.---cacnca-.-n‘ﬂg{ r WAty g Ay Bhananntsganngun ity agiff !nu-n..n-.anu.i{l et gnnenaten enn iy,
0'4__ o T — C i‘----..-.-....-...;;} I Butayu st yaguta Sang 5] [ Fuautatsanatnn s anngy? "‘-lct-.aa--caulqii{ n Tanggan, 3
0‘2__ iw-lﬂﬂ L i’“lnn.-nnniii r {'"nl.nn!..ﬁﬁ}‘ C i‘..-.-.'-ﬂa“l!iﬂ. B i!l..n“-.l-.!..igq {ﬁ-n.-.nn.uqﬁ‘
1 e 1 | IR ST NI S ST NS S PR I NNANN ST TN NTN ST S N U ST PN ST AT ST AT S SR U S S R PR AT IS SN [T S SR S AU ST S AU S SR | LRI W N Y
F 5 55<0’<10.0 55<0’<10.0 55<0’<10.0 55<0’<10.0 55<Q’<10.
L4 035<2<040 [ Q40<z<045 [ 045<2<0.50 [ 0.50<2<0.60 [ 0.60 < z<0.70)
P s iy i;iﬁ{{{ﬁ ! Y
Py fastainssd gHT i s i sadatang ] I i s i T JI‘
0.5 ﬂlllllliiiiiiiﬂ% [ FEEEaEeEE FEEIR] { i BIITITIITTTIIIL Fisaasaaiaiiig i ERsiriziitans
0.6» ;nun-nuniiiiiﬁ ii!nnllluiiﬁﬁﬂ iiiii!!iii!iiiiiﬁ%ﬂ i!i!ulnluiiiiiiﬂﬂ priririrrrreey HT
0'4-_ asenangasizy 3 neansasii] i ﬁunu-lll!iiiiiiiﬁ i 2] i i pLi T
L ii!nnnnnnn!ﬁ{- hunlcln-nniﬁi iilnn.nluliiiﬂﬁ fr -n. i3t Hiilnlmligiiﬁﬂ'
0.2 o 1 1 L Hill!inl. !.“Ii " 1 ] 1 1 L iiilhn.lﬁi“liﬁﬂl 1 1 1 1 ﬁilﬁ..il. ii'Iilﬁﬁ L g I L 1 H!l.““l'““fﬁiﬁﬂ L g Ly 1l ﬁi1ﬁ iii1i iﬁlﬁﬁﬂ. 1
1 1 1 1 1 1 1 1 1 L 1 L 1 1 1 1 1 L L 1 1 1 1 Ll L 1 1 1 1 1 Ll L 1 1 1 L 1 1 i L L L I I n n I
0.10.20.30.40.50.60.70.8 0.1 0.2 0.3 0.40.50.60.7 0.8 0.10.20.3040.50.60.708 0102030405060.708 010.20.30405060.708 010.20304050.60.70.8
X X X X X X
15



P (GeV/e) P (GeV/e) P, (GeV/c)

P, (GeV/e)

New Study with CLAS12
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Drell-Yan Process
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Medium Modification in SIDIS

» Some works done by Xin-Nian Wang eft. al

Unpolarized Drell-Yan:

Unpolarized SIDIS: PHYSICAL REVIEW C 81, 065211 (2010
P (2010) PHYSICAL REVIEW C 89,035204(2014)

((cosdp))ea Bz? + ar RSin26 _ Aj;&w _ Qa+ Agp)(o + B)
((cosgn)len (B4 A2p)z® +ar AN 2a(o1 + B+ Agr)?

_ (o) +B-2a)o) +8+2a+ArF)AoF —+ 2
X e 2eQatlypXej+piop+B+ArF) qr ,

1=

R0082¢

<COS0>,,/<C0S0>
o
o

R0082¢

C:o-s an=2.0

<COS0>,,/<C0S0>
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Medium Modification on TMD

» Measuring medium modification effect of TMD via Drell-Yan

0 Boer-Mulders TMD from unpolarized Drell-Yan, e.g. SeaQuest:

2 1,g
+A St +x oy VA= 2Ry ) Iy G, )
—_ - =~
p Fou+Fiu  fl(xp) - £1(x, 4)

Sensitive to sea-quarks Boer-Mulders TMDs in heavy nuclei

O SeaQuest has been taking the data and continues accumulating more statistics

<

Unpolarized targets ('H, 2D, 2C, °°Fe, and W, add more?)
v" The current data analysis of Boer-Mulders TMD is only focusing on 1D and ?D,

but straightforward to extend to heavier targets

v Data Exist! Will be a pioneering study station-4
Proportional tubes
» E906 & Hodoscopes
)
Seer SRS
Drift Chambers

Drift Chambers
& Hodoscopes

& Hodoscopes

Challenge: corrections of the acceptance effect? ..

Drift Chambers
& Hodoscopes

Require sophisticated Monte-Carlo simulation.



Medium Modification on TMD

» Measuring medium modification effect of TMD via Drell-Yan

O Sivers TMD from polarized proton-beam Drell-Yan (E1027)

_ , q . fa
Ay + AT+ +X) mp 4505 o flq(xb) f“(il (2 4)
fr o) - £ (X0, A)

Sensitive to the Sivers-TMD of valance quark

Polarization is relative during the collision
Can probe the medium modified Sivers TMD 1n the targets

Study the modification of orbital angular momentum in heavy nuclei

N NN

SIDIS experiments (including EIC) are unlikely to study such effect

O Also, from meson induced or anti-proton Drell-Yan (COMPASS, AFTER@LHC, PAX@FAIR, J-PAC)

Polarized DY, particularly with polarized anti-proton to light and heavy nucleus, would be more 1deal to

study nuclear TMD since a quark-TMD 1s convoluted with an anti-quark TMD.

Drawback:

= Drell-Yan process has generally low production rates, while TMD study requires good statistics and good precision
=  Anti-Proton DY may not be able to provide high enough luminosity and good beam quality

*=  Pion DY requires good understanding of the pion-PDFs which are poor measured currently
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Medium Modification in SIDIS

> Measuring medium modification effect of unpolarized 1D-PDF & 1D-FF:

" Asan “unrealistic” example, using free proton and free neutron, and measuring their charge-asymmetry ratio (1D-

PDF & FF):

do™"

D% = prt = p** = pr = D7

h u s

e+N —e +ht+x | T & D Gl - Di)] - ¢
q

d u
D" =pr' = D" = Di = Dz,

First order approximations:

Ny x eiux)D™™ (2) + eziu(x)D" (2) + e3d(x)D" (2) + €5d(x)D'*" (2) + €§s(x)D* (z) + €55(x)D’ (2)
N~ o« equx)D" (2) + 4u(x)D'™ (2) + e3d(x)D'™ (2) + €3d(x)D" (2) + e} s(x)D’(2) + e§5(x)D*(2)
NI « e2d(x)D'® (z) + e2d(x)D" (z) + ef,u(x)D""f (2) + ef,ﬁ(x)Df Y(2) + e2s(x)D*(z) + e25(x)D*(2)
N7~ o €)D" (2) + e d(x)D™ (2) + €3u(x)D (z) + e3u(x)D" (2) + e}s(x)D* (2) + e35(x)D* (2)

Get rid of the strangeness contribution by looking at the charge difference:

NF' = NF  [ef - [u(x) — a(x)] — €3 - [d(x) — dx)]] - [ — D""]
N/" = N7~ « [} - [d(x) — d(x)] — €3 - [u(x) — a(x)]] - [D'* — D"V ]

Get rid of the Fragmentation Function by taking the ratio of the charge differences:
RET = N - Np e [ul) — a(x)] - € - [d(x) — d()]
= =

Ni*=N7 e [d(x) — d@)] = €] - [u(x) — ax)]

Directly measure the valance-like quark flavors:

dy(x) dx)—dx) ei+e;-Rm  4+R;, | With mirror nuclei (He3 and H3, A=3),
u,(x)  ulx)—ax) e -Riy + e¢21 1+ 4Rz, | we can study the dv/dv in a A nucleus

y 22
,42:9; 9/15/17




Medium Modification in SIDIS

> Measuring medium modification effect of unpolarized 1D-PDF & 1D-FF:
= Kaon Detection (K* = u§, K~ = us):

NE* o« eu(x)D' () + ea(x)D"" (2) + €3d(0)D* (2) + €3d(x)D* (z) + e2s(x)D"" (2) + e25(x)D'*" ()
NX™ « eu(x)D"™ (2) + e4u(x)D'*" (z) + €3d(x)D’ () + €3d(x)D’ (2) + e3s(x)D'™ (2) + e5(x)D"" (2)
NX" « e2d(x)D'™ (2) + e3d(x)D" (2) + e3u(x)D’(2) + eu(x)D* (2) + e3s(x)D"" (z) + e23(x)D" (2)
NE™ « e2d(x)D" (z) + ezd(x)D'™ (z) + €3u(x)D’ () + e3u(x)D* (z) + e3s(x)D'*" (z) + €35(x)D"" (2)

= Remove the d-quark contribution by taking the charge difference:

NEK* = NKX™  [€2 - [u(x) — a(x)] — €2 - [s(x) = 5(x)]] - [Df* — D"
NK - NK « [€} - [d(x) — d(x)] = €2 - [s(x) — 5(x)]] - [D'* — D""]

* The ratio of the charge differences between a free proton and a free neutron:

RE" _ NK* - NX _ e [ux) — 8] — & - [s(x) — 5] _ - R,
pn NX" = NX e [dx) —d)] — €} - [s(x) =5(x)] R — ;_g RS
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Medium Modification in SIDIS

> Extended to the heavy nuclei: | e+4 — e’ +ht0 4+ X

* Both the PDFs and FTs are A-dependent!
Ni* =N~ &[(us — 13)(Ze3 — Ne2) — (ds — da)(Ze3 — Ned)] - (D — D7)

xt _ am”
*  Using Deuteron and any Heavy nuclet: RX/; =ﬁ =A(x) - B(z),  drop out Q2 dependent temperately
p D
(s — 1) (Zes — Ne2) — (dy — da)(Zel — Ned) i I
» A(X) = _ 2 2 3 D D) B(Z) = av unfav
(up — tip)(ei — e2) — (dp — dp)(e3 — e?) Dl - by

For symmetry nuclei (Z=N):

A por = A (ug — i) = (da — da) _Aa—dig |
N2 up—iip)—(dp —dp) 2 wep—dup

v" The ratio can be factorized into x-dependence (1D-PDFs) and z-dependence (1D-FFs)

24

a 9/15/17



Medium Modification in SIDIS

> More crazy ideal > Testing the origin of medium modification effect:

If BM 1s modified in different nuclei, we should be able to see a “EMC-Like” slop (e.g., vs. py)

1
S - 11
:gi BM §§ 1R, /dxI +
. S dR,,,/dx|=0.280 +/- 0.028
N S I O pe . S A / D g by $
£ 1r ' B b
~ - A Ty,
EMC-Like Slope? 3 [ = iy,
g <K r 08T 4 H } *
o 09 - t Normalization (1.6%)
I MY 0.3 0.4 0.5 0.6 0i7 OiB 0.9
1 1 1 1 1 J X
03 04 05 06 07 08 09
Pr
* If the modification is due to the high density configuration (SRC), we can see “scaling” at x>1
6
- cos(2¢p) 2 Z. Ye, to be submitted to PRL soon
L SBM _— dRA/D (x,2,p7,Q%) ) ’
A/D - Oy, / Osyy, Ratio:
L 51191, I
- I o E08014 Data (23,25, 1.469<Q*<1.891 GeV/c?) %
EQ | ﬁ; 4_ E02019 Data (18 Q*=2.7 GeV/c) ‘l[‘ <}~
L
Connect to SRC? TF + € s b 3
,h %E H{’M
2= Demo. Only € gsirasaott?
I IR0, oo°°
[ - o I K R
1.0 15 2.0 23 3.0 X
X

Will be striking if we can see any of these hints, but they are very hard to measure

Require very very high luminosity and larger acceptance devices (SoLID, luminosity updated CLAS12 and EIC)

o 25

9/15/17



