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QUARK FRAGMENTATION FUNCTIONS

| FFS + Non- -perturbative objects needed to descrlbe several processes

+ Strange quark FF : largest uncertainty in As extraction from polarized
11 SIDIS. Data in e+*e-/pp reaction but insufficient and at too high Q2.

— Measure hadron multiplicities in SIDIS : IN = UhX, h=m,K,p
/ A PDFs

i )10 2, H-0)

h 2eq<xQ>

N X PDFs depend on x, while FFs depend on z.
FDE — With kaons, access typically : s(x,Q2).DsK(z,Q?)
- = L, _ E, o m and K multiplicities allow to do g[obal NLO QCD analyses to
v E-E, - extract quark FFs.

;, — Strangeness is contained in K
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Multiplicity

HERMES I1 AND K DATA IN (Q2,Z) BINS
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DE LA RECHERCHE A LINDUSTRIE

COMPASS 11 AND K DATA IN (X.Y.Z) BINS
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+ More than 1200 points in total, strong z dependence PLB 764 (2017) 001
+ Mt+~Mr- and MK+ > MK- PLB 767 (2017) 133
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FROM MULTIPLICITIES TO QUARK FFS

5 Pions COMPASS LO fits assuming 2 independent FFs : Dtay™ and Dun™

e& [ Q° =3 (GeV/ey 0 =3 (GeV/c)

unf

=

[ == COMPASS LO i —— COMPASS LO
T ... DSEHST4NLO i LL S '
06 ™ D™ - HKNS07 NLO 06 Dunf™ - HRNSO7 NLO”
- Wl e LSS'T3NLO F LSS'I3NLO

'+ As expected Doy > Dynf®

'+ COMPASS LO fit agrees with DSEHS and LSS LO PLB 764 (2017) 001

Ly Kaons COMPASS LO fits assuming 3 independent FFs : DsayK, Duni and DsirK

+ LO fit not conclusive, difficulties fitting high z data even at NLO (see later)

'+ DSS17 NLO fit : half of COMPASS data -> Smaller DsX than previously
b jterative study of strange PDF and FF : BSS Phys. Rev. D 96 (2017) 094020
] + Some constrains on FFs from K++K- multiplicity sum
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SUM OF Z-INTEGRATED MULTIPLICITIES (PIONS)

For an isoscalar target : PLB 764 (2017) 001
Mn++7r_ - D* + D" — 2(S(X)+S(,X,‘))(D” _DE ) highan + D"
fav unf S(u(x)+d(x)+u(x)+ d (x))+2(s(x)+5(x)) fav unf

& [ <« COMPASS < 12 compass
N 09— ¢ HERMES N [ °EMC
+ L + [
t§ 0.8 Q§ =

07:_ © ¢ B Q .O ) Q

- 08
0.6 ' -
055 L . 0.6 _ P
10 10 L 10 10 .

3: + COMPASS pion data 5|gn|f|cantly below HERMES ones

. +No x dependence for COMPASS plon data as in EMC hadron data
L
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SUM OF Z-INTEGRATED MULTIPLICITIES (KAONS)

For an isoscalar target : PLB 767 (2017) 133
e (u+d+u +d)(4DK +6D. ﬂ+(s+s)(DK +D" ;) @ SD; high x. §-0 D,
5(u+d+u+d)+2(s+s) 5Q+2S 5
L 02
N [ °¢COMPASS + Athigh x, S~0:
+ | o HERMES
L i From COMPASS : DK ~ 0.7
N 0 AR From DSS fit : DaK ~ 0.43 = 0.04
0.15 o ¢ é #
I T o . + At low X, Dstr® > DravX :
01__ ° 5 0 o o : Weak Q2 dependance for DgK, no rise
L = ' in kaon multiplicity sum at low x.
X

3: + COMPASS kaon data S|gn|f|cantly above HERMES ones

1 + Smaller DsK and larger Do than prewous NLO fits
L
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COMMENTS ON QED RADIATIVE CORRECTIONS

In the COMPASS paper of kaon multiplicities :

+ Inclusive corrections (Muon, denominator) : TERAD
+ Semi-Inclusive corrections (Kaon, numerator) : TERAD minus elastic and quasi-
elastic tails.

TERAD gives z-integrated semi-inclusive corrections thus overestimates the correction.

b Conservative approach : correction calculated from two extreme cases (full and no
corrections to the number of kaons) ; half of the correction is applied to multiplicities.

— Overall correction between 1% and 7% depending on kinematics

Ongoing work in COMPASS : use Djangoh which account for z-dependence

+ For muons, agreement Djangoh / TERAD within 3%
+ For kaons, correction between 0% and 10% depending on kinematics, average at 5%

— Djangoh corrections within the systematic errors in the publication
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K+/K- MULTIPLICITY RATIO

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

In multiplicity ratio, cancellation of several experimental and theoretical uncertainties.
In LO pQCD, a limit of the ratio is :
dMK_(xanyzg A@+d)Dy +(S(u+d)+i+d+s+5)D, +(s+5)D;,

dMK+(x,Q2,Z%  Au+d) D]{< +(5(T+d)+u+d+s+ E)Dﬁ} +(s+5)DX

R (x,0%,2)=

At large z, DuniX is expected to be small :

A(it +d)Dj, +(s+5)D},
K" — K"

4(u+ d)Dfav +(s+5)D_

R (x,0%,2)=
Since (s+5)DstX Is positive, it can be neglected for limit calculation :
u+d
u+d

R >

K
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THEORY AND MODEL PREDICTION
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Several expectations for Rk with LO pQCD limit :

o [ x=0.03,Q%=1.6 (GeV/cy
0.6—
0.5 B
0.4F T ==
03 U LO DSS
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RESULTS
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+ Results for x < 0.05 and x > 0.05.
+ Rk can be fitted by a simple functional form eg. (1-2)8.
+ Dk (double ratio of Rk in the two x-bins) is flat within uncertainties.

4 B v 2F
x Qo
0.6 :_ ® (x)=0.030,(Q%=1.6 (GeV/Ic}¥ 1.6k ¢ ¢ + + +
I 2\ _ 2 1 4—
05 = (x)=0.094,(Q")=4.8 (GeV/c) 1 2:_
N €F  — |
: 1' ...................
04— o 08 085 09 095
B Zcorr
- L
0.3 :— ¢
- :
_ o
0.2 - .
N ¥ *
0.1— =
O : | | | | | | | | | | | | | | I | | | |
0.8 0.85 0.9 0.95
Nicolas Pierre - Hadron Multiplicity and Fragmentation in SIDIS Zcorr

May 31, 2018 - CIPANP'18 I



RESULTS VS PREDICTIONS

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

o [ x=0.03, Q?=1.6 (GeVicy
0.6
05— B
0.4—2 ==
B é
0.3
T LO DSS ¢
- — — LEPTOMC SOMPASS
02 ---- LOLOWERLIMIT
[ — - NLO DEHSS .
- —— NLO DEHSS, D_ =0
0.1— .
O:l | | | | | | | | | | | | | I | | | |
0.8 0.85 0.9 0.95
Nicolas Pierre - Hadron Multiplicity and Fragmentation in SIDIS Z corr 12

May 31, 2018 - CIPANP"18



Rk AND v DEPENDENCE
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+ A clear v dependence of Rk is observed

+ With higher v, Rk closer to pQCD expectation
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MISSING MASS AND R

+ High-z kaons — reduced phase space for other particles
+ At the same time, conservation laws (eg. charge, baryon number, strangeness..)
+ Missing mass Mx useful to study this region :

M, = M2 +2M v(1-z)-Q*(1-z)’

+ Rk vs My are shown to be highly correlated !
+ Suggests that correction within pQCD formalism is needed to take into account
available phase space for target remnant hadronization.

X

'y - o 0.75<2,,.<0.80
0.6— » 0.85<z,,,<0.85
- s 0.85<2,,,<0.90 +
- v 0.90<z,,.<0.95 ;
- + 0.95<z,,.<1.05 } j'
0.4 % ¢
_ by b
i {{ Hf i
0.2 i
B
1
O_I I 1 1 1 1 l 1 1 1 1 | 1 1 1 1 | | 1 1 | | 1 1 1 1 I 1 1
2 2.5 3 3.5 4 4.5

M, (GeV/c?)
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Ri-!: COMPASS VS HERMES DISCREPANCY

§ .« COMPASS b
2.5
S~ _ o HERMES ;
C T ;¢
N | S
2 . S
i © o
Q
- o
1.5 o
- ° ®
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- | — N
1 B I
107 107! x 1

PLB 767 (2017) 133
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Experiment | (x) (Q%) (GeV/c)* | (z) | (v) (GeV Rk
COMPASS | 0.035 1.3 0.69 20.8 0.412 == 0.032
HERMES 0.033 1.2 0.69 19.0 0.392 + 0.042
COMPASS | 0.049 1.9 0.69 20.8 0.372 4+ 0.028
HERMES 0.043 1.4 0.69 15.4 0.300 = 0.0238
COMPASS | 0.077 3.0 0.69 20.8 0.355 = 0.026
HERMES 0.076 1.6 0.69 11.6 0.266 + 0.016
COMPASS | 0.118 4.6 0.69 20.8 0.270 = 0.027
HERMES 0.118 2.2 0.69 0.8 0.211 = 0.017
COMPASS | 0.158 6.1 0.69 20.8 0.227 4 0.033
HERMES 0.166 3.2 0.69 10.2 0.202 4= 0.020

+ Strong v dependence of Rk may contribute to observed disagreement
+ Direct comparison in the only common kinematic data point : there reaches

agreement.

+ In neighbouring x bins, HERMES < v > is smaller than COMPASS one and
HERMES ratio is smaller than COMPASS one.
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CONCLUSION

— Pion and kaon multiplicities measured in SIDIS

+ COMPASS : largest sample of kaon multiplicities to constrain FFs.

— |Integrated multiplicity sum

+ Large discrepancies between COMPASS and HERMES for both pion
and kaon multiplicity sums :
+ up to 25% in the integrated M™++Mm- (COMPASS below HERMES).
+ up to 30-40% in the integrated MK++MK- (COMPASS above HERMES).

— Kaon multiplicity ratio

+ Large disagreement with pQCD limit (and model expectations) for
COMPASS K+/K- ratio at high z low v.

+ Smooth behaviour of Mx suggests that correction within pQCD
formalism is needed to take into account the available phase space for
the target remnant hadronization.
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OPEN QUESTIONS

— Discrepancies in pion sums between COMPASS and HERMES..

+ .. while extraction of FFs into pions looks solid.

— Fitting kaon multiplicities : Problem in DSS approach

+ DSS = only fit with both COMPASS and HERMES data

+ Uses 2 projections of HERMES data without taking into account
correlations

+ Have to normalize the 2 projections in opposite directions

+ Still high y2 for HERMES data

— Input from theoreticians needed for interpretation of kaon data !
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DEHSS GLOBAL FIT

Data # data

Experiment type N in fit 7
Tpc [38] Inclusive 1.003 12 13.4
Sid [35] Inclusive 1.014 18 17.2
uds tag 1.014 10 315
¢ lag 1.014 10 21.3
b tag 1.014 10 11.9
Aleph [32] Inclusive 1.026 13 20.7
Delphi [33] Inclusive 1.000 12 6.9
uds tag 1.000 12 13.1
b tag 1.000 12 11.0
Opal [39] u tag 0.778 5 9.6
d lag 0.778 5 7.7
s lag 0.778 5 234
¢ lag 0.778 5 425
b tag 0.778 5 16.9
BABAR [19] Inclusive 1.077 45 30.6
Belle [20] Inclusive 0.996 78 15.6
Hermes [21] K* (p Q> 0843 36 619
K~ (p) Q* 0843 36 29.6
K" (p)x 1.135 36 75.8
K™ (p)x 1.135 36 421
K* (d) 0> 0845 36 44.7
K- (d) Q> 0845 36 419
K" (d)x 1.095 36 48.9

Compass [24]

Star [26]

Alice [25] 2.76 TeV

Total

0.996
0.996

0.985

15
1194

7.6
21.6
1271.7

« Half of entries from COMPASS
« DK smaller than in DSS07
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DEHSS GLOBAL FIT

s tag 0.778 S

¢ tag 0.778 5

b tag 0.778 S

BABAR |19] Inclusive 1.077 45
Belle [20] Inclusive 0.996 78
Hermes [21] K* (p) O 0.843 36
K= (p) 0> 0.843 36

K* (p) x 1.135 36

K™ (p) x 1.135 36

K* (d) Q* 0.845 36

K= (d) Q* 0845 36

K* (d) x 1.095 36

K~ (d) x 1.095 36

Compass [24] K* (d) 0.996 309
K~ (d) (0.996 309

Star [26] K" K=/K* 1.088 16
Alice [25] 2.76 TeV K/r (0.985 15
Total 1194
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BSS SIMULTANEQUS FIT

Borsa, Sassot & Stratmann arXiv:1708.01630v » 003:

0.15

0.1
0.05

lterative procedure; fitting SIDIS
charged kaon multiplicities from
COMPASS and HERMES.

-0.05

0.3

Concluding on NNPDF3.0 PDF
set for s(x).

0.25
A 0.2
" 1015

0.1
0.05

-0.05

1 11 1 1111 1 1 1 1 1111
-3 -2 -1

FIG. 5: Reweighting of the strange quark distribution (up-
per left panel) and for the PDF combinations sensitive to
charge (upper right panel) and flavor (lower panels) symme-
try breaking using the DSS 17 set of kaon FFs that is based
on the MMHT 14 set of PDFs: see text. The dashed light
blue and black lines and the hatched areas represent the re-
sults of one iteration of the reweighting procedure and the
corresponding uncertainty bands, respectively; see text. All
results are shown at a scale of Q% = 5GeV?2.
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