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Overview

J Strange strange quarks
— LHC, dimuons in v+A collisions
— HERMES vs COMPASS

J Hadron Mass Corrections

— Collinear factorization with non-zero masses

] Kaons at HERMES and COMPASS

— Multiplicities, charge ratios

J What about the pions?
J Conclusions and perspective
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Strange strange quarks
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Strange quark parton distribution function (PDF)

CMS Preliminary Hessian uncertainties
LHC =

|v§ 15 L CMS, this analysis
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* ATLAS: no suppression gs, = We

© CMS: suppression
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——————— CHORUS + CMS + ATLAS

| (no highest ) Alekhin et al.,
Need another

o . arXiv:1404.6469
measurement
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s-PDF from SIDIS

Measuring a Kaon in Semi
inclusive Deep inelastic
scattering (SIDIS)

e +p—e +K+X

¢ Kaons contain one s-quark

in their valence structure.
¢ Detect a Kaon: good proxy
for a strange quark in proton
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How to tag s-quarks?

Experimentally [ QE dz AN K
HERMES, COMPASS: MK = “eeP o dQd
fc,rp Q d:{rgd@
Theoretically
LO, neglect masses:
0.8
uE >0 9(@B) fop d2nDg(zn)  s(zp) 1s DE
ST S e 5 eluleg) ) P
q7q q°4q
+light quarks
Compare data and theory Extract the s-quark PDF.
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Integrated Kaon Multiplicities: SIDIS on Deuteron

* HERMES:
- Claim very different s-quark
shape compared to CTEQ6L.

— strange PDF may not be
what we think!

* But COMPASS:

0.2 —
-« COMPASS
| o HERMES

Y AN LS

B ™ * o
| . L]
0.15 . ¢

Q

- Different xg dependence

* Overall values higher. 0 107

Why are HERMES and COMPASS so different?
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Theoretical calculations at NLO

Plots from Chung-Wen Kao, talk at DIS 2018

0.20—— Ceee S 0.20;

0.18} ¢ W NNITNCO : 0.18 «  With NNPDF NLO
éo.wg Points of HERMES éﬂ-fﬁ Points of HERMES
+0.I4E‘ * ° e l'o.... ., - +0'I4- * e
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0.10t Points of COMPASS 5 0.10f Points of COMPASS

0.08—— e S 0.08—— e :

0.02 005 01 02 05 L 0.02 005 01 02 05
X X
- H & C should be close!
- MMHT+DSS17

< Small Q% evolution

a

Shapes =/= data
Other effects?

- NNPDF +DS517

C
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Integrated Kaon Multiplicities: SIDIS on Deuteron

* HERMES:
¢ Claim very different s-quark
shape compared to CTEQ6L.
« = strange PDF may not be
what we think!

¢ But COMPASS: i et

0.1

0.2

-« COMPASS
: o HERMES

Y AN LS

L .. .
0.15 = * ¢
e

- Different xg dependence

* Overall values higher. 10 o x !

Where does this difference come from?

Is it real or apparent?
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Hadron mass corrections

Guerrero, Accardi, PRD 97 (2018) 114012
Guerrero, Ethier, Accardi, Melnitchouk, Casper, JHEP 1509 (2015) 169
Accardi, Hobbs, Melnitchouk, JHEP 0911 (2009) 0584
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Hadron Mass Effects

Usually in pQCD, the masses of proton and detected hadron are neglected

0-25 L] L] Ll L] L] LA B J I

I COMPASS syst |]

: WS HERMES syst |1 @\ F N
0.20F 44 COMPASS |] y “’ my ~ 0.5 GeV
i + -+ HERMES :

10 10 10° —_— —_— 9
16 I Q% 2 Q%3 ~1—10 GeV
12+ _

A 10- A - -—

% 8k . . _

v er . . : Maybe masses are not
2= A . : A AAa a 4 ‘ = o o
{)02 PR .]l_(;'l L PR T T ;100 SO negllglbIE!

IB
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Hadron Mass Effects

Example: pion mass effects at JLab

Pions at JLab (Exp. E00-108)

-~ Usually low Q>

©1/Q? corrections must [
e controls o

* 1+ BCXPG/ Gexp
HMC

P

- | x, =032 — 1+8 "ol

O(m?/Q?) = Hadron Mass Accardi et al JHEP 0911, 084 (2009)
Corrections (HMCs)

m=Mp,m, \

Not negligible even for “light”
my ~ 0.14 GeV
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Hadron Mass Effects

Back to Kaons: x% 02
5
0.15
m% ~ 12m?2
0.1
HERMES & COMPASS: R ig
relatively low Q? < E

-
<

- e COMPASS
" o HERMES

10!

rp

=
o
o

Could the discrepancy be due to mx*/Q? effects?
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SIDIS Kinematic Variables

DIS invariants

/ 2 2
l M°=p-p Q°=-q-q
I / detected
. hadron D-q Qz
lepton q Yy=—7F xp=——
p ph . l 2p . q
P// X SIDIS invariants
2
oroton undet.eclzted m; = pn- Ph
or neutron particles _ DhDp ( _ Dhq )
2p = or 2, =
q-p < qg-q
e'e” like, “crossed” x,
Ze — R}
Q2—>oo
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SIDIS: Massive scaling variables

. Po Scaling Variables

_at Nachtmann:

Ps

Fragmentation:

22133

q 2 B

V2 (o= Pno S

Pt 141+ 42ZM?]Q?

Bjorken limit: & —— xp

QR2—o00

L1 1151:2]9.7\42777%L
z%@‘l

Bjorken limit: (;, —— zp,
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SIDIS: Massive scaling variables

Scaling Variables

A PU
at Nachtmann:
_ 4
=7

B 25133
1+ /1+4235M?2/Q?

Bjorken limit: & —— xp

P; Q2 —00
0 3 3 Fragmentation:
L a xa
a p— _
V2 Ch:p_h:’z_hi 1+ 1_49323M2m%bl
q- 2 xp Z%Q‘l
_Dp Ze 4m%u
or (n=-_T=—|1+4/1-—753
e
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Collinear factorization with masses - LO case
Guerrero Accardi, PRD 2018 (see also Collins, Rogers Stasto 2007)

accardi@jlab.org CERN — 19 July 2018 17



Collinear factorization with masses - LO case
Guerrero Accardi, PRD 2018 (see also Collins, Rogers Stasto 2007)

@ Expand the correlators
o, = kT [p2(k)t+ O(1/kT)]
Ay =k [0+ O(1/k7)]

T \ contribute to Higher-

p X leading terms Twist (HT) terms
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Collinear factorization with masses - LO case
Guerrero Accardi, PRD 2018 (see also Collins, Rogers Stasto 2007)

@ Expand the correlators
o, = kT [p2(k)t+ O(1/kT)]
Ay =k [0+ O(1/k7)]

T \ contribute to Higher-

p X leadmg terms Twist (HT) terms

@ Expand the hadronic tensor

oMW = [ ' alk Te [84(p, k) 7* ALK, )] 6Dk + g )

= f d*k d*k' ¢a(k)d2(K)Tr [k hv" k'~ py"] 6P (k+q— k') + HT

Note:| g, W"” =0
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Collinear factorization with masses - LO case
Guerrero Accardi, PRD 2018 (see also Collins, Rogers Stasto 2007)

@ Expand the correlators
o, = kT [p2(k)t+ O(1/kT)]
Ay =k [0+ O(1/k7)]

T \ contribute to Higher-

p X leading terms Twist (HT) terms

@ Expand the hadronic tensor

oMW = [ ' alk Te [84(p, k) 7* ALK, )] 6Dk + g )

= f d*k d*K' ¢a(k)S2(K')Tr [k hiv" k'~ py"] 6P (k+q— k') + HT

Note:| g, W" =0 @ Approx the (overall) 4-mom conserv.
k~k: K~k
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Approximation: collinear momenta

(p,q) frame: p and g collinear, 0 tr. mom.

p=(pt, M?/2p+,07)
qg=(—¢pT,Q%/2¢p™, Or)

Ph
q
k' =~ 'E’/‘/
H { E=—Y
bk P =0~k +E) | “Average
==0.1 K?=0? =~ (K?+ K?) | virtualities”
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Approximation: collinear momenta

(p,q) frame: p and g collinear, 0 tr. mom.

p=(pt, M?/2p+,07)
qg=(—¢pT,Q%/2¢p™, Or)

Ph
Parton collinear to proton -
~ v? kk —
k=t 5 ="
... and “on-shell” k k=02 ~ (k* + k1) | “Average
—— X 7

v? =0

k?=v? = (K2 + k') | virtualities”

P/
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Approximation: collinear momenta

(p,q) frame: p and g collinear, 0 tr. mom.

p= (", M*/2p+,Or) Fragmenting parton collinear to hadron
0= (~&p*.Q?/26p*, Or) ;

T — ('Um + (Pm./ﬁ)z Dy, phJ.)

2p; /2 2 2

Ph . but fragments into

- /_/ a massive hadron:
I T
ko k —— v'2 =77

=7t

Parton collinear to proton

U2

k= (xp—i_a 2:Ep_|_7OT)

... and “on-shell”

v? =0

=02~ k>+k2) | “Average
k?=v? = (K2 + k') | virtualities”

P/
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Approximation: collinear momenta

(p,q) frame: p and g collinear, 0 tr. mom.

p= (", M*/2p+,Or) Fragmenting parton collinear to hadron
0= (~&p*.Q?/26p*, Or) ;

T — ('Um + (Pm./ﬁ)z Dy, phJ.)

2p; /2 2 2

Ph . but fragments into

- /_/ a massive hadron:
Y
ki~ k —— v'2 =77

Parton collinear to proton

2
~ v
k= (xp—i_a _|_7OT) v\ Y
2xp _
k -
... and “on-shell” EQ =v? =~ (k* + k1) | “Average
w2 — 0 =>4 k?=v? ~ (K?+ K} | virtualities”

P/

How to match partonic and hadronic kinematics?
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Matching Hadronic and Partonic Kinematics at LO
(much more detail in Guerrero et al., JHEP 2015)

Fragmenting blob: momentum conservation in + direction

pp K= HYT 2P

~, 5 5 Orthodox choice:
k 2> T _ M 2 =0

—Y i
N — Z LO Ch Albino et al. Nucl. Phys.
BS03 (2008) 42-104
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Matching Hadronic and Partonic Kinematics at LO
(much more detail in Guerrero et al., JHEP 2015)

Fragmenting blob: momentum conservation in + direction

Kt =pf +Y* > pf

Ph
~ Orthodox choice:
k! m2  m?2 12
.U-"E ~ h — h () — 0
Y Z LO Cf& Albino et al. Nucl. Phys.

B803 (2008) 42-104

Hard scattering: 4-momentum conservation at LO

q

~ 12
D * =<1+ )

z = gh,

Only in Bjorken limit can one neglect vl
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Collinear factorization with masses - LO case

@ Let 3 integrations out of 4 act on correlators, obtain

2MWH = "¢ dar dz q(x) H* (2, 2) Dy(2) + HT
xr =z

q
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Collinear factorization with masses - LO case

@ Let 3 integrations out of 4 act on correlators, obtain

2MWH = "¢ dar dz q(x) H* (2, 2) Dy(2) + HT
xr =z

q

q(il?) — fdk_koTqbg(k) <+—— PDF
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Collinear factorization with masses - LO case

@ Let 3 integrations out of 4 act on correlators, obtain

2MWH =" el dr dz q(x) H* (2,2) Dy(z) + HT
xr zZ
q

q(il?) = fdk_koTqbg(k) <+—— PDF

D,(z) = (2/2) [ dk'td*k/p62(k) <—— FF
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Collinear factorization with masses - LO case

@ Let 3 integrations out of 4 act on correlators, obtain

y dr dz y
2MWH = el —— q(x) H* (z,2) Dy(2) + HT

q

a(x) = [ dk~d®kpgo(k) <—— POF
DQ(Z) = (E/Z)Idki_l_ko%é‘Q(k) < FF ko E,]f‘vzo
]_ k6 = k/|’U:O

HY (2, 2) = Eﬁ[ﬁﬂf}”%fﬁy] <+—— Hard scattering coefficient

x (kg +a" - . ) 5(% +am = k) 6 (kor)

v
2k,
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Collinear factorization with masses - LO case

@ Let 3 integrations out of 4 act on correlators, obtain

2MWH =" ¢ dr dz q(x) H* (2,2) Dy(z) + HT
xr zZ
q

a(x) = [ dk~d®kpgo(k) <—— POF
DQ(Z) = (E/Z)Idki_l_ko%é‘Q(k) < FF ko E,]f‘vzo
]_ k6 = k/|’U:O

HY (2, 2) = Eﬁ[ﬁﬂf}”%fﬁy] <+—— Hard scattering coefficient

/12 02 - .
X 5}(k/§+q+ ~ i) (g 0 ) 8 (ki)

2k
2

i )
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Collinear factorization with masses - LO case

@ Let 3 integrations out of 4 act on correlators, obtain

= f dk_koTqﬁg(k}) <+——— PDF

Dq(z) = (E/Z)IJkI+d2k}52(k) <«<— FF ko E/]i‘v:O
]_ k6 = k/|’U:O
HY (@, 2) = Eﬁ[ﬁﬂf}”%fﬁy] <+—— Hard scattering coefficient
12 2
X (ks +a" = o= )65+ a0 — k) 6% (Kbe)
/ 2k, \
2
_ — my _
A ), P
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Kaons at HERMES and COMPASS

Guerrero, Accardi, PRD 97 (2018) 114012
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5
Leading Order (LO) Multiplicities at finite Q?

° With Hadron Masses:
Scale dependent iobian Finite Q?*scaling variables

[\

08 , ¢ v \
Mh(ﬂ}B) _ fem‘p. dQ2 0.2 dzh Jh(E, Ch: Q?) Eq 53 q(gh! QZ’) D?(Ch: Q2)
Jozp, Q% >, €2 a(€, Q?)
Note: Theory integrated over z, Q? exp. bins for each xs m2
gh; = ‘E(l + C} 52)

L. M2 mi
> Massless limit: (@@) =0

Jowp. Q2 €2 q(z5,Q?) [y dzn Dl (21, Q?)
femgp. sz Eq eg Q(xﬁa QZ)

V\Parton model definition

Mh(ﬂ) (-TB) —
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Data over Theory: K* + K-

- D/T ratio allows to compare experiments at different Q2
© Normalization of Kaon FFs poorly known
: — — --- CJ15
20r standard | CT14
i Exp. Syst
. COMP.‘II&ﬁS_,'I ++ MSTWO08
15 S L -
S i DSSQZw =%~~~
) i -y "3'6’;"3';"3“:‘:“’":':" i
1.0.- HERMES '_
LG L0 A ———
0.5k --_....-...-‘.---:- ——— ‘-.'l“.___‘ -
107 BT 100
rp
accardi@jlab.org
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Data over Theory:

K*+ K-

- D/T ratio allows to compare experiments at different Q2
© Normalization of Kaon FFs poorly known
: —rrry --- (CJ15 - e
20 standard | CT14 2.0~ w/ HMCs-
i Exp. Syst [ eeew ML COMPASS Z
: compass., + 4 MSTWO08 : EX LN ,-'f-.'i";“_'“:; +
s e i B 2 15~  DSS07 R -
) DSSQ7s =%~~~ N [ T8
& [ e P* S [ HERMES
<Y T iy el 4 !
1.0- HERMES - 1o HKNSO07 ]
1 i i T
HKNS_O.?____._.___,_...-._»...-..<...------l i : - 'I---“ g = ’.,.‘
05F w=mm=T L T T . ‘-.--‘ﬂl-"'. --l 0.5- ER . ST S -
107 BT 100 1072 ETR 100
Ip rp
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Data over Theory: K* + K

D/T ratio allows to compare experiments at different Q2
Normalization of Kaon FFs poorly known

Ty --- CJ15 " - ey
20+ standard o CT14 200 . w/ HMCs-
: Exp. Syst [ e Wga . COMPASS :
_ COMPASS,. + 4 MSTWO08 r *'~tj\'=,;:l.f-_i";"_"'_"'; + .
1.5~ T T P - 1.5~ DSS07 e, P b -
s Tt DSSO7a <% =" ] =~ I —
& e w.‘;..,-ir‘-"‘"i' S HERMES
S o T eRmes ] 1'0:' HKNSO7 ]
: AL — ] [ h“f-"'“":i:‘:-:f.::-':_t"'“'""‘""" _— :
0.5 wmm=m— —————— I - 0.5_- Eal bt ST o -
102 ECE 100 107 U 100
rp rp
* After HMCs: Needs refit
* Size discrepancy reduced of kaon EFs
* Slope more flat /
* COMPASS OK (except normalization)
* Residual tension with HERMES slope
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HERMES & COMPASS data: direct comparison

— Produce approximate “massless”

Use suitable parton model multiplicities
“Theoretical correction
ratios” — Make data directly comparable

— Largely insensitive to FF normalization

COMPASS:
h{0) — } }
ﬂ4¥£ﬁjzz'ﬂdg;p X fgﬁfufﬁ -

HMC correction ratio
HERMES: /

MFLI:DJ — Mh, > R?IMQ' >, RH—}C

exrp exrp evo

™

HERMES to COMPASS evolution
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HERMES & COMPASS data: direct comparison

102 p———vrrr R —
COMPASS
~ 10'%
Q 3
100:
1072 107 10°
Tp
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HERMES & COMPASS data: direct comparison

10% ———rvrrvv ———r—rrrr 10? ——rvvrr ———r——rrrr
- COMPASS F| 1 HERMES
™~ 101; 101: ) y /
o - C y y
R 7
// //
ANV
10% ] 0% ' | _
T 107 10T 100 B T V)2 S T U
rp Ip
MO
HMC ratio: R 1, =
ratios BHMC = Tk
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HERMES & COMPASS data: direct comparison

102 p——r

10% p——r

compass| [ HERMES |
] [| 7! COMPASS T ]
-| 1 HERMES evolved |
~ 10} ' . 101} /
ot ' : - |
10° S 200 e :
107 10T 100 B S TV R S B T/
rp Ip
- ph B Afh(0)
HMC ratio: HMC = “prh
h(0) ¢ HERMES
Evoluti tio: RE-C _ M (x5 )‘COMPASS cuts
volutionratio: R_ '~ = A ———
(HERMES to COMPASS) M*O) (z3 )‘

HERMES cuts
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HERMES & COMPASS data: direct comparison

— Produce approximate “massless”

Use suitable parton model multiplicities
“Theoretical correction

ratios” — Make data directly comparable

— Largely insensitive to FF normalization

Multiplicities in a massless world:
— mass corrected (and evolved) M" —

COMPASS:
h(0) _— f f
Mf:{:Ll':pj — Mﬁiﬂp X R;IMC
HERMES:
h(O) f f H—C
ME{.:E[IJ) — ME!,:EP X R;IMC X RE'L-‘EJ
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Correction ratios

ot
(o0]

| PDF syst
™~ FF syst

L I L1 1

i
(9)]

MSTWO08+DSS07

=
F

—

N\ R%, HERMES]
2K . COMPASS]

H-=C -m--'*‘-tt.a:_—
Ri"l'ﬂ

!

e
o

-
N
Ll 'l L i Ll 'I' L L L I' LE L

T

Theoretical correction ratios

A1 1 .' AL

L L a1 l |} L L | | § L ) §
10 109
Ip

=
o
N

— Hadron mass effects dominant over evolution effects
— COMPASS has smaller HMCs than HERMES.

accardi@jlab.org CERN — 19 July 2018 43




Direct Data Comparison: K* + K-

Experimental Data

0.25 -y —rr—rr
] I COMPASS syst |]

B HERMES syst
0.20- 4 -+ COMPASS i
B -4 4+ HERMES 7
LR -
hE--; o . = b
= 0.151 i * . . .

L]
., .. i
. ] o 4 .
0.10+~ @ & o v -
- | -
]
R e A A | " 1 L1
107 10"
Irp
._n".
\
accardi@jlab.org

“Massless data” at same Q?

0.25 —r FF syst
i PDF syst
0 COMPASS syst
0.20~ W HERMES syst
4+ 4 MSTWO08+DSS07
0.15- -
0.10~ 3
. | B -
- e -
L Lo n o aal 1 1 L1 1
10°* 10 10°
B

— “Removing” HMCs reduces the discrepancy in size
— Corrections rather stable with respect to FF choice

— After HMCs, negative slope for both experiments
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W ANY 48

Kaon ratios

] Reduced experimental systematics
— Highlights physics effects better
J Reduced theory uncertainty
— (should) largely cancel non-negligible FF systematics

— ...but could not check: no charge separation in HKNS set

|« COMPASS ¢ %
2'5:_ o HERMES B
2:_ oy % — Size discrepancy persists
| Q
o 0" — Slopes are now compatible
1.5 : . :
e K+/K- > — What's left: HMCs, exp. syst.?
-
1= 1 1 . | . | 1 L
1072 107! x 1

accardi@jlab.org CERN — 19 July 2018 45



Data vs. theory

as e COMPASS .5 — - HERMES
[ — msTwos | — MSTwo8 :
YH— 15 ; YH — s ;
35H — CT14 3 350 — CT14 -
; 05 ~+ 4 Exp. Data : 305 -+ -+ Exp. Data -
[ FF:DSS07 ; | FF:DSS07 E
2.5F - 2.5F + + .
; t : -
2.0F ¥ 2.0F } 3
15E : 15k E
1.02— - 1.03— -
08y 10 "10° 0707 [ T e Tk
Irp B
— COMPASS: theory dependence similar to experimental values
— HERMES: less steep than theory and at large-x
— Some PDF systematics, due very likely to s PDF (slopes)
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Direct Data Comparison: K*/K-

Experimental Data

“Massless data” at same Q?

4.0¢ ———— ————r 4.0¢ e — ————
, b/ COMPASS syst K+/H_j S5k PDF syst K+/H_j
.| B HERMES syst ] -| B COMPASS syst 3
3.0+ <+ COMPASS k g:so_ B HERMES syst .
, <f[+ + HERMES ‘o 3 L i+t C15+DSS07 E
i I = 7
2.0 L. . ¢ + 4 [T 20F -
1.55— . : . - %15- 3
Lof : 1.0E 3
C e — : n e —
ST a0 g
rp rp
P . ™y
— HERMES & COMPASS fully compatible.
. — last x bin at HERMES suspicious y
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What about pions?

Guerrero, Accardi - PRELIMINARY
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pi* + pi- Multiplicities

_ HERMES

HKNSO7

-u....-
-~ -
il T
-

Massless

— HMCs

-+ -+ Exp. Data

1.2 — CQMIPASS — --- Massless 1.2
1L HKNSO7 — HMCs ik
-4 -+ Exp. Data
1.0 PDF: MSTWOB_ 1.0
0.9k
=
=
0.8-
0.7+
0.6-
0-p52
HERMES shape?
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Data over Theory: pi* + pi-

- --- CJ15
14 e CT14 1.4}
X Exp. Syst L
L : “m,
1.2F S ++ MsTwos | 1.2} R
[ %5 g, HERMES 4 ] ‘uy HERMES 4
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Correction ratios
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— HMCs much smaller than for Kaons
— Comparable to evolution effects
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Direct Data Comparison: pi* + pi-
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— Slopes still incompatible also for pions.
— “Hockey stick” shape as for Kaons
— Origin of down slope? NLO effect?

— Jlab Pions?
o J
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Pion ratio
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HERMES shape, again?

JIab could be a tie breaker!
(but uncertainties are perhaps too large)
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pion ratios
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Correction ratios: pi*/ pi-

1.02 1.02

2 — Rp,. COMPASS| CJ15+DSS07 ; — R}, HERMES CJ15+DS+SO7 ]
“ - -+ - - |
G 1.015 PDF syst Tmd r0f ... gase AE
C - - - -
o - - - -l
prar] 1.00_— / - 1.00_— / E
u o - - -
g - ] - ;
S 0.99F - 0.99- 9
) L § L - o
3 0.98F 4 o98F ———, & E
+ 5 - - “ " :
et ; R ]
S 0.97F 3 0.97F ..’ -
_C - - - -
|_ 096 M 5 L 2 2 332l L M 2 L1 5 5L 096 1 L M L1 t- 1
10~ 10+ 10° 107 10t 10°
rp rp

Q? evolution will “straighten” HERMES
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Direct Data Comparison: pi*/pi

Experimental Data

“Massless data” at same Q?
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Now, shapes are (sort of) compatible
Possibly NLO and a refit of pion FFs will fix this
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What about JLab pions?

Experimental Data

Correction ratios
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B At JLab:
— a bit more HMCs
— longer, stronger Q? evolution
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What about JLab pions?

Experimental Data

“Massless data” at same Q?
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L e all approximately compatible
107 107 10° — JLab pions slightly prefer COMPASS
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...but too large stat. uncertainties
— small differences could be solved by:
NLO effects, pion FF refit with HMCs
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Conclusions
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Conclusions

] Hadron mass corrections possible in collinear factorization
— Accounts for phase space available for hadronisation
® with non-zero “virtuality” for fragmenting quark: V' = m%/gh
— But needs to go beyond the usual “parton model approximation”

— Proposed scheme phenomenologically successful!

J HMCs partially reconcile HERMES and COMPASS kaons
— Kaon ratios compatible

— Leftover (experimental?) systematics in multiplicities at xB > 0.1

(] Null control: Pion multiplicities and ratios
— Multiplicities: systematic shape difference remains
— pi+/pi- ratios: largely compatible
— Jlab pion ratios have large HMCs, marginally favor COMPASS
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Perspective

(J HMCs need to be included in PDF / FF fits
— Whenever SIDIS or SIA data analyzed

J More work to do:
— Checking kinematic approx with “QCD-like” spectator model
® In progress with J. Guerrero
— Extend to e+e- - h+X (SIA)

— Prove factorization at NLO
2

|”

. . . . / 2
* Check if “minimal” choice v'* = mj /(} correct

* Verify universality (SIDIS vs. SIA)
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Extras
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Phase space limitations
Guerrero et al., JHEP 09 (2015) 169

Figure 2. Finite-Q? fragmentation variable {;, versus z; for the semi-inclusive production of (a)
pions, h = 7 and (b) kaons, h = K, at fixed values of zp = 0.3 (blue curves) and 0.6 (red curves) for
(Q? =1 (solid curves) and 5 GeV? (dashed curves). The curves are shown only in the kinematically
allowed z; regions, and the boundaries between the current ({; > QJ—EL”)) and target ((;, < C;EU))
fragmentation regions are indicated by the open circles.
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Current vs. target fragmentation regions
Guerrero et al., JHEP 09 (2015) 169

Wy

G./0C
h

Figure 9. Ratio of spin-averaged cross sections with and without HMCs for the production of (a)
pions and (b) kaons, for different choices of the scattered parton invariant mass k2 at Q? = 1GeV?
(thick lines) and Q% = 5GeV? (thin lines) for g = 0.3. The open circles denote the boundary
between the target and current fragmentation regions.
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Current vs. target fragmentation regions
Guerrero, Accardi, PRD 97 (2018) 114012

 Baryon in in target vs. current region:
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— ~20% higher (cancels in ratios)
— slight change of shape
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