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COmmon Muon Proton Apparatus for Structure and Spectroscopy

~240 physicists, 12 countries, 24 institutions

Fixed target experment, multi-purpose set-up.
Secondary ~200 GeV muon and hadron beams from CERN SPS

Various targets
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Quark Fragmentation Functions (FF)

FFs : - Non perturbative object; needed to describe various reactions

Data exist from e*e- and pp reactions, but unsufficient and at too high Q2

- Strange quark FF= largest uncertainty in As extraction from polarized SIDIS.

- Measure hadron multiplicities in SIDIS: p*d — p*h*X h=m, K, p

14 ¢

PDFs FFEs

dMh(x, @2, 2) D4 €dla(x; @°ID(z, Q°

dz at LO D g €atq(x, Q?)

z = E,/(E,-E,) PDFs depend on x, while FFs depend on z
> With kaons, access typically : S(X,Q2).DX(z,Q2)

P~

Corrections for : acceptance, RICH purity & efficiency,
radiative effects and vector meson contamination
Data obtained in a fine binning in x, z, Q2

8 2< e domai ’ COMPASS 2006 data
Kinematic domain used preliminary 10
in this multiplicity analysis: E
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- 1 and K multiplicities constitute an input to
global NLO QCD analyses to extract quark FFs,

- Especially, K will constrain strangeness
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Longitudinal spin- Impact of FF on As extraction

As extraction from SIDIS depends on value of DE fragmentation function.
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From multiplicities to quark Fragmentation Functions

. . . . TT Tt
P|on3 Results from COMPASS LO fits assuming 2 independent FFs: Dfav unf
5 & T . 8207\4 3pf;§’{°§ EE D1T - goﬁpfs"; fc))
Yo Deay o TR "o unf - HRNS NS

----- LSS'13 NLO

0.4 04
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g1 T PLB 764 (2017) 001
« As expected, D fav > D unf ( :

« COMPASS LO fit results ~agree with DSEHS and LSS NLO.

Kaons | Assuming 3 independent FFs: Dflgv Dslfcr Dllfnf

« LO fit not conclusive. Some difficulty in fitting high z data, even at NLO.
 Still, get contraints on FFs from sum of K* and K™ multiplicities (see later)

* Global NLO fits now give smaller Dér than previously, meaning larger AS.

(e.g. in DEHSS17 where half of data come from COMPASS,

and also in combined fit of PDF and FF via iterative study)

Borso, Sassot, Stratmann, arXiv:1708.01630
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Longitudinal spin- Impact of FF on As extraction

As extraction from SIDIS depends on value of DE fragmentation function.
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Sum of z-integrated multiplicities nt+ = & K*+K-

For isoscalar target, simple dependence on FFs:

- K*+ K = pK K
MT[++ "= (1'2 S)) D¢ay + Dyne oM - DQ ' S/Q DS
where: high x data  low x data
At high x, ~no x dependence expected [ g—u+a+d+d
S=s5+35
Dg = 4Dg, + 6D}
5 [~ COMPASS _ _ , 02
§U_Q?DEIERL{ES (PRD 89 (2014) 097101) x® - e COMPASS
Tor * [ o HERMES
+ - . -;i | + _
Nosp . T4+ s | .. KT+K
N ° 015 o ° Cy,
0.7F ° o o 9 I .
N o L og R
06f Tttt i T :
. 0.1 ° °
L i - ]
%10 TS 1 102 BT N
X X
COMPASS pion data: COMPASS kaon data:
. significantly below HERMES ones  * significantly above HERMES ones
* no X dependence « Indicate larger Dg than old NLO fits

(as in EMC h, but not shown here)
PLB 764 (2017) 001 PLB 767 (2017) 133
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Some hints on discrepancies HERMES / COMPASS

Kaons:
« Target hadron mass corrections could explain part of
discrepancies. Guerrero, Accardi, PRD 97 (2018) 114012

» For the very few points that have exactly the same kinematics in
X,y z variables, HERMES and COMPASS agree

Pions:

« Different W values could explain part of the overall discrepancy,
but not the shape (MC studies).
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M(K-)/ M(K*) kaon muliplicity ratio at high z

Motivation: High z region not studied so far
Most experimental and theoretical uncertainties cancel in ratio

40D¢,y + SDsyr

Some simple estimation at LO, proton target Ry

with assumptions (D, heglected...) :  4uDgyy +3Dy,

: _ . . u
and assuming s = S, gives limits: Rx > —  for a proton target
u

a+d
u+d

Ry > for a deuteron target

F. Kunne
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M(K-)/ M(K*) at high z — Results vs z in two X bins

Ratio measured vs z in two X bins

Compare to theory, bin x=0.03
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M(K-) / M(K*) ratio well below expectations at high z
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M(K")/ M(K*) = Results vs v=E,/z In 5 z bins
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for bin x=0.03

Larger discrepancy with theory for smaller v
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M(K-)/ M(K*) — Results vs missing mass My

High z kaon - reduced phase space for other particles

Study missing mass behaviour My = \/Mg L OMyv(1—2) — QX (1 —2)?
e
| e 0.75<2,.<0.80
0.6/ ® 0.80<z,<0.85
- s 0.85<2,,.<0.90 {.
B v 0.90<z,.<0.95 %
B *  0.95<z,..<1.05 + i
0.4 [y ¢
I i.} }
l Pl
0.2 % # !
1
Ril
O_l | | | | | | | | | | ‘ | | | | | | | | | | | | | | | | |
2 25 3 3.5 4 45

M, (GeV/c2)
* M(K-)/ M(K*) shows unexpected strong rise with My

« Suggests to take into account the available phase
space for hadronisation, in the formalism
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Summary

Pion and kaon SIDIS multiplicities from COMPASS
- Largest kaon sample measured, to constrain kaon FFs (DE).

- Some hints on reasons for Iargl_e discrepancy COMPASS vs HERMES:
up to 30-40% in z-integrated M(K " )+ M(K").

- Smaller DSK and IargerDlIf than previously leads to slightly larger AS from
SIDIS, i.e. no longer strong incompatibility with AS from inclusive data.

High z data for K-/K* multiplicity ratio
- Data disagree with current NLO QCD calculations at high z and low v

- Unexpected rise of ratio M(K+) / M(K") with missing mass, suggesting to
take into account the available phase space for hadronisation in formlism.
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Backup slides
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Comments on corrections for QED radiative
effects

In the paper of kaon multiplicities:

Muon yields (denominator): use TERAD

Kaon yields (numerator): use TERAD, excluding elastic and quasi-elastic tails.
But TERAD cannot account for a z dependence, and leads to an overestimate
of the correction.

—> conservative approach: the correction is calculated for the two extreme
cases, no correction and full correction to the number of kaons; half of the
correction is applied to the multiplicities. This approach leads to an overall
correction between 1% and 7% depending on kinematics.

Further work done: use Djangoh which can account for z dependence:

- For muons, agreement Djangoh / TERAD within 3%

- For kaons, obtain a correction varying between 0 and 10% (dep. Kinematics)
of the order of 5% in average.

Note that using RADGEN was excluded since it could not reproduce the photon
spectrum observed in COMPASS

F. Kunne -16



Ratios K*/K- and wt+/x-

COMPASS published data 0.1<z <0.8

kaons
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HERMES COMPASS discrepancy

@ \We note that, the strong v dependence of K¢ may contribute to the observed
disagreement between Rk presented by COMPASS and HERMES

@ A direct comparison of the two results is possible at the only common kinematic
‘point’, j.e. x = 0.035, z =~ 0.7 and v = 20 GeV, where COMPASS and HERMES
results agree

@ In the neighbouring x bins, the average value of v is smaller for HERMES than for

COMPASS. In all these cases, the multiplicity ratio tends to be smaller for
HERMES than for COMPASS.

Experiment (x) (@) (GeV/c)? | (z) | () (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 £0.028
HERMES 0.048 1.4 0.69 15.4 0.300 £ 0.028
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 9.8 0.211 £0.017
COMPASS | 0.158 6.1 0.69 20.8 0.227 =0.033
HERMES 0.166 3.2 0.69 10.2 0.202 = 0.020
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Data # data 0.7 rr T ]
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DEHSS globat fit

BABAR [19]
Belle [20]
Hermes [21]

Compass [24]

Star [26]

Alice [25] 2.76 TeV

Total

s lag
¢ tag
b tag
Inclusive
Inclusive
KT (P) Q2
K= (p) @°
K* (p) x
K™ (p) x
K* (d) Q?
K~ (d) Q*
K* (d) x
K~ (d) x
K* (d)
K~ (d)
K*.K-/K*
K/x

0.778
0.778
0.778
1.077
0.996
0.843
0.843
1.135
1.135
0.845
0.845
1.095
1.095
0.996
0.996
1.088
0.985

45
78
36
36
36
36
36
36
36
36
309
309
16
15
1194

234
42.5
16.9
30.6
15.6
61.9
29.6
75.8
42.1
44.7
41.9
48.9
444
285.8
265.1
7.6
21.6
1271.7
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Simultaneous study of PDF and F

Borsa, Sassot & Stratmann arXiv:1708.01630v

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

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

15[

1.4
1.3
1.2

10° 10~ 1070 10° 107 10"

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.



SIDIS multiplicities —
Additional plots on W dependence

z-integrated multiplicity ratio pi+ / pi-
Comparison COMPASS (two W bins) / Jlab for pions (W>2)

s..E
S 24, COMPASS, W>7 GeV
= ,of * COMPASS, 5<W<7 GeV .,
[ ——DSS & MRST S
L (9\]
2F « JLab/Hall C (nucl-ex/1103.1649) "
- @
1.8 — <
C )
16 =
14 <
B ®
12 =
5 Z
1_
B L1 I L L L L Ll L 1 I

10 10"

Fair agreement COMPASS lower W bin with Jlab.
Recall also fair agreement COMPASS with HERMES for this ratio in pions.
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COMPASS and HERMES kinematics coverage

Events

o
o

Q* ((GeV/c))

._.
S
|

COMPASS (W>5)

10

HERMES
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Kaon multiplicities —
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