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DIS and SIDIS at high Q2

Oh DIS

Testing stage:

pQCD predictions, observables in the kinematics where theory predictions are easier to get (higher
energies, 1D picture, leading twist, current fragmentation, IMF)

do
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dz dQ?* dy) B rQ* 2 (ly.‘— £) {2(1 —e)zFi(z, Q%) +e(1+ ’7’2)F2(J:,Q2)}

1h SIDIS/DVMP

Understanding stage:

non-perturbative QCD, strong interactions, fragmentation functions, quark-gluon correlations,

orbital motion)

do
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Generating DIS and SIDIS

Dedicated SIDIS generator

2 1 1 1.0 1.0 11 10.600 2212 1E.1108*m-01 I
il 1 11 @ @ -0.7583 -0.7440  3.9571 - 0005 -0.0174  0.0305  1.3425
2 1. 1 211 @ © 0.8698 -0.6332  3.2529  3.4291  0.139 -90.0174  0.0305  1.3425
2 1 1 1.0 1.0 11  10.600 2212 1 0.4220764E-02
0=l 1 11 0 © -1.1716 ©0.9665  3.2259  3.5656  0.0005 0.0016 -0.0436 -1.5889
2 1. 1 211 0 © 0.1630 -0.4267 3.5986  3.6302  0.1396 0.0016 -0.0436 -1.5889

Dedicated DIS generator (Bosted)
1 1 1 1.0 1.0 11  10.600 2212  1|0.6224668E+00 |

1-1. 1 11 0 0 -0.6109 1.3411 8.1241 8.2567 0.0005 -0.1465 0.0724 -0.0298
GEMC
COATJAVA 4a.8.4 | LUND Header | LUND Particles
"bank": "MC::Event", [ column | quantity lcolumn| quantity
"group": 41, | 1 | Number of particles | 1| index
"info": "Lund header bank for the generated event", | 2 | Numberoftargetnuceons | 2 | lifetime
"tems": [ | 3 | Numberoftargetprotons | 3 | type (1 is active)
{"name":"npart",  "id":1, “type":"int16", "info":"number of particles in the event'}, [ 4 | Target Polarization | 4 | particle ID
{"name":"atarget", "id":2, "type":"int16", "info":"Mass number of the target'}, [ s Beam Polarization [ 5 | parent index
{"name":"ztarget",  "id":3, "type":"int16", "info":"Atomic number oif the target"}, 6 beam PID (electron=11, || 6 |index of the first daughter
{"name":"ptarget", "id":4, "type":"float", "info":"Target polarization'}, photon=22) | 7 | momentum x [GeV]
{"name":"pbean",  "id":5, “type":"float", "info":"Bean polarization"}, | 7 | beam energy [ 8 | momentumy [GeV]
{"name":"btype",  "id":6, "type":"int16", "info":"Beam type, electron=11, photon=22"}, | 8 | target nucleon ID [ 9 [ momentum z [GeV]
{"name":"ebean”,  "id":7, "type":"float", "info":"Beam energy (GeV)'}, 9 process ID [ 10 | E
{"name":"targetid", "id":8, "type":"int16", "info":"Interacted nucleaon ID (proton=2212, neutron=2112"}, 10 event weight/cross section  |[| 11 | mass
{"nqm" "pmggsud"' "'id"'Q' “fypg“"‘inﬂﬁ". "infn"+ "Prarpce Tn"}' | 12 | vertex x [cm]
{"name":"weight",  "id":10, "type":"float", "info":"Event weight'} [13 ] vertex y [cm]
] | 14 | vertex z [cm]

KA
JefferSon Lab Avakian, JLab March 8 @& 3



Mapping 0 vs E’: json file for online monitoring

dQdE’  dQ v M
Using the Jakobian connecting (dz,dQ?) with (dcos@,dE") with J = 2zEE’ /v, we get

M ott
do__ do [Q + ﬂtang(é)/:?)] (4.50)

M ott
do do™ F5 F 2
o = + tan~(8/2) (4.51)
{ dxdQ)*d) df) v M
"model": "Nobuo_F2,FL"
"reference": "N. Sato et al”
"Beam Energy": 10.600
"lepton-polarization": "0"
"nucleon-polarization": "0”
"variables":["Generated_Counts",”"Reconstructed_Counts”,"Err.Counts","acc”
"axis":[

{"bins": 50,"min": 0.8, "max": 10.6, "scale":"lin","description":"E_,"} = ~0.2 GeV bins

{"bins": 50,"min": 5.0,"max": 45.0,"scale":"lin","description":"6,"} ~1-degree bins

{"bins": 120,"min": 0.0,"max": 360.0,"scale":"lin","description":"¢,"} ~3-degree bins
32 1 1  0.13700E+03 0.67000E+02 0.81854E+01  0.4891
32 1 2  0.14000E+03 0.46000E+02 0.67823E+01  0.3286 : .
32 1 21  0.12400E+03 0.58000E+02 0.76158E+01  0.4677 Monitor:
32 1 22 0.10600E+03 0.23000E+02 0.47958E+01  0.2170 : _
32 1 41 098000E+02 0.64000e+02 oscovoesot  ossa | EXPerimental o=Exp_counts/acceptance/Gen_counts
32 1 42 0.11000E+03 0.45000E+02 0.67082E+01  0.4091
32 1 61  0.11200E+03 0.67000E+02 0.81854E+01  0.5982
32 1 62  0.12300E+03 0.23000E+02 0.47958E+01  0.1870
32 1 81  0.14300E+03 0.69000E+02 0.83066E+01  0.4825
32 1 82  0.12800E+03 0.37000E+02 0.60828E+01  0.2891
32 1101  0.10600E+03 0.51000E+02 0.71414E+01  0.4811
32 1102  0.11900E+03 0.26000E+02 0.50990E+01  0.2185
33 1 0 0.47800E+03 0.50000E+01 0.22361E+01  0.0105
33 1 1  0.54700E+03 0.24100E+03 0.15524E+02  0.4406
33 1 2  0.48300E+03 0.12400E+03 0.11136E+02  0.2567
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Electron distributions: inbending vs outbending

'Run 2667 Run 3210+3267
T E>3 GeV Soee e
“1.—_1‘7‘-1 RMS 2.974
T, i 4<E<6 GeV
Hﬂ 10% o
10 ‘_L“L_;Jj\ﬁqﬁ E L_lh’IT
I 10 33:— K ln_
1 3 : ol
_1— ..... 10 2% ‘._J—LH'I_L
0¥ - R
N T T T 5 10 15 20 25 30
10 15 20 25 30 35 O
ee

S Significantly less electrons at small angles
Significantly more electrons at small angles i, pmc

in MC
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Comparing old and new runs vs MC

DIS-MC
run 2997 v 5a.0.11 run 3480 v 53.1.0
% 1 5a.1.0 l 3
(& ]
o 25
2

N IR B () J M I B

o~ 10 125 15 175 20 225 25 275 30 10 125 15 175 20 225 25 27.5 30
10 20 30 0 O

e

MC with “ideal” geometry can be a primary check for software validation
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Electron distributions:ratio /DIS-MC

run3210 (outbending) DIS-MC (with RC)

2<E<4 GeV 4<E<6 GeV 6<E<8 GeV
6 2
2 - : e Sec-1
5p 0 18 [0 = Sec2 ¢ 7 1.8 | - Ss;c“-gf' ‘-.
A Sec-3 - - o~
4 v v Seca ‘ 1.6 | v O A
. 16 7 v > %yt E S s,c &WA
' 1.4 | 1.4 | D O“” -
3 1.2 1.2 v vAﬁ
25 | 1 1 % A' Al
2t F
15 i 0.8 » 0.8 t_“..-.
.1 : 06 | 0.6 ; ™
g 04 0.4 |
051 : 0.2 | : -
gL NI Ok 0.2~ - n
10 15 20 25 30 35 0 I S .
6, 10 15 20

« Enhancement at large angles of high energy particles
« More electrons at small angles for outbending (except sec-2)!!
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Missing electrons: outbending

With a single electron in the generator (excluding

~20% of radiative photons in the acceptance) i
x 10 2 1200 |

1400 -

Run-3480

4000 1000 |
ss00 | detected photons z
3000 [ 800 |
2500 [ .
2000 [ 600 -
1500 |- 400 |
1000 |
500 |- 200 |
oo 0‘5 ; 1|5 é 2.‘5 :‘-3 3.|5 clt 415 5 0 Lol bl S L
12.5 15 17.5 20 225 25

N 0 25 5 75 10

Y

outbending-5a.0.11 outbending-5a.1.0
r.'ele=1 Neie=0

30 [ CD>—30 30

27.5 {3 275 275 |

25 | 25 25 |

225 225 225 |

20 20 20 |

175 ‘ 17.5 17.5 |

15 15 15 |

12.5 12,5 12,5
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7.5 7.5 |

7.5 :
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E E
pattern for pﬁotons disappeared in new version
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Photons on clas12: SIDIS LUND-MC vs data

: 30000 - reconstructed
50000 - generated §
! 25000
40000 |-
5 20000 -
30000 [
; 15000 |- |
;_ SR —1MC-rec (Ey>0.4)
20000 : 10000
10000 | - 5000 ‘ J s
- F— 1
0 [, TR B s v 111 0 TR TR S B T
(0 2 4 (s} 8 14 0 2 4 6 8 10 12 14
N (gen) N,

What are all those photons?
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Photons from MM?

Use DIS-MC (a single €’ in the final state) to test o *‘/1:
the MM vs NoMM clas12 configurations gex
=g
A__R
10 P2 010.0
g tandard confi §2-5 1 3<E'<8
B Standarad contig. -
iy P L [8<6<35
109 = 2 |Ey>50MeV
; = |
i Q.5 |
d - © -
10 ¢ e |
§ 1 |
10 ? clas12 no-MM 05
E l l il (9] i I \ |
0 2 4 6 o 2 a 6
Nv Nv

The number of reconstructed charge 0 events increases significantly with MM in.

A & JSA
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Reconstructed electrons

Energy loss of electrons vs their angle in the CLAS12 outbending-gemc+coatjava 5.0.11

profile plot
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The energy loss shape consistent
with MM angular coverage
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Pi+ efficiency in inbending: new vs old release

Comparing normalize by number of identified electrons from SIDIS-MC (dashed)
Run 3480 (solid red lines-v.5a.1.0) and Run 2997 (solid black v.5a.0.117?)

[ 3500 F [
1200 | i 350 | 140 |- MC*0.6
: 3000 | || ]
1000 | 300 { 120 - ;I
: 2500 [ 5 I
_ g ‘ 100 8
800 | | 250 1117 il IL
N 2000 - 200 || 80 | |
600 |- ¥ : i \ |
» 1500 | 150 [{ | | 60 1| ||
400 : L i I
[ 1000 | 100 3 40 - : I
200 | |- 500 | 50 | ]11 20 - LL
ol N 0“‘:Hll“ll‘*‘ﬁh.| ‘ 0711“1 A
2 4 6 8 10 20 30 40
En+ 67""

SIDIS-MC: new version improves small angle reconstruction for negatives,
but the number of identified pions is ~x2 less than in v 5a.0.11

1A
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Pi- efficiency in inbending: new vs old release

Comparing normalize by number of identified electrons from SIDIS-MC (dashed)
Run 3480 (solid red lines-v.5a.1.0) and Run 2997 (solid black v.5a.0.117?)

: g 500 |- I P
1200 | 3500 1) 160 ‘lMC 0.6
' (| 140 i
: 3000 - 400 | ‘.
1000 | 120 l
i 2500 | 3 k |
800 3 300 |- 100
L 2000 | i ol
500 | i 200 ||| F
i 1500 | o |
400 L . ‘ g
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200 500 | o, 20 _Jf
i i o Lt Fas 0 hleeiitee, "
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En‘ en-

SIDIS-MC: new version improves small angle reconstruction, but
the number of identified pi- is ~x2 less than in v 5a.0.11
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Pi0 efficiency in inbending: new vs old release

80

Comparing normalize by number of identified 1 solid—-run 3480 v.5a.1.0
electrons from SIDIS-MC (dashed) 0

50 | |

Run 3480 (solid red lines-v.5a.1.0) and o

30

L clasDIS

Run 2997 (solid black v.5a.0.117?) 20
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« Studies of SIDIS with pi-0 require reconstruction of electrons and photons (relatively stable in
recent releases)
» Will require development of fiducial cuts for e- and photons for extraction of multiplicities

Y=o
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Candidate for first SIDIS publication: e’ X

JLab Oct 5

1) e'X -cross section: electron acceptance is relevant for all other measurements cons: we
need the acceptance and the luminosity as well as contamination

from pions under control.

2) e’ 719X/ e'X ratio (ratio of semi-inclusive pi0 to inclusive electron)
For the ratio we just need the gamma acceptance, which could be defined using the KPP

Need: good control for neutral acceptance

e,
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N 10 ¢ 0 A2 2
T B ® HERMES 1, <Q%=2.5 GeV
~ by
e N % SLAC 1’, <Q*=4 GeV?
Z [ S g O EMCr’ <Q’=25GeV?
T .'\*91 B CLAS 1, <Q%=2.13 GeV?
“o 1L o - PRELIMINARY
a | 8 DSS (Q2=2.5GeV?)
Zz | T '
. S Ome
4 e
10 | /"b*
i DSS (Q2=25GeV?) ®me |
Sys. uncert.: 108
1 “IHERMES (97%), SLAC (10-15%), EMC (<18%) | |
01 02 03 04 05 06 07 08 09 1

N\

clasDIS LUND generator z
1) ratio should have weak dependence on x

2) Ratio should follow z-dependence of the
fragmentation function
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Conclusions

« Realistic MC is crucial for understanding of detector performance and
physics analysis

* Inclusive electron cross sections is well known and can provide
possibility to look (monitor) for electron efficiency in the accessible
kinematics

« Semi-inclusive cross sections are relatively well known and multiplicities
(number of pions per DIS electron) can be used for monitoring
« Validation of software is crucial
— include the set of constants used in the reconstruction
— include in the release of the chain reconstruction (with plots) of
a) single tracks
b) simple lund file
c) a data file with some good events (exclusive multiparticle,...)
d) keep also the gemc and hipo files (1-2K events)

« Use DIS sample to compare old and new releases to evaluate changes
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Support slides...
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Photons from MM?

Use DIS-MC (a single €’ in the final state) to test
the MM vs NoMM clas12 configurations

rec.electrons ratio MM/noMM

10 °F _ :

- standard config. ?'5 N = i 1

- with MM > | %_5 u

B > 9 2 |
104:_ E i E 2 |

i = | =

i i o |

I -..%"5 I :@_5 B

3 @ i -
10 2 oc i o i

| " 3
109 clast2 no-MI\)i*m 0.5 | 05 ,

| | | 0 : | | | o LL! R
0 2 4 6 8 0 2 4 6 8 10 20 30
N, N, CA

The number of reconstructed charge 0 events increases significantly with MM in.
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MC reconstruction of DIS

release-4a.8.4 release-5a.0.11 release-5a.0.11

release-4a.8.4 release-5a.0.11 release-5a.0.11
(Dec gemc) Jan gemc (Dec gemc) Jan gemc
e " e| 40 [ o 5] 2000 pe e
90 ;EI::: - 0.16(:)55;21 40 E;\/Iue:: - H -0.111011Es:g; EMSII(;:: " H -0.19271E7-g;‘ 2500 _éz/m:ft 1268. 1211417 7)((5/7‘(2\‘! 546.6 /10:67 E)g/r?ft 1882. /34:97
80 | : 1750 1 e 1200 e oy | 4000 far oo
3 35 | 1500 [ i 3 3500 |-
e g wl | 00 ¢ 2000 ¢ 1000 | ;
60 | 5 1250 |- : ; 3000 |-
g 25 | - 1500 [ 800 - 3
50 | z { 1000 | _ | 2500 |
40 | 20 - 1 : : 600 | 2000 |
g 15 [ 750 1000 |- [ g
30 | : i f - 1500 |-
| olo 10 b 500 |- | NgW+ : 400 |- :
201 5 : 500 | : 1000 [
10 F 5 250 | I 200 - NEW+
; ; : _ - | | 500 J
0 oy =1 0 ! 0 [ / ! 0 _JO 0 | E=45G 0 - o
0.8 08 -08 08 08 ) 0.8 0.4 04 -0.4 04 -04 0.4
gen-rec egen-rec

Worse resolutions for polar and azimuthal angles in new releases

Y=
Jeffergon Lab Avakian, JLab March 8 @ T 19



Resolutions from old and new reconstruction

. . + . .
Diehl: e p --> e " X missing mass
J2}
z L Mass_noCut_Topo_charged_electron_pip_x_All @9 600— i - -
3 o : € L ist_e_pip_mismass
810000 L + Entries 128411 g r Entries 8264
- Mean 0.9715 o L Mean 1057
B Std Dev PSS 500 Std Dev 0.1224
L 2/ ndf 126.4/5 L x? / ndf 11.29/9
8000 — Constant 1.007e+04 £ 5.841e+01 — Constant 5425+ 11.0
- Mean 0.9531£0.0002 r Mean 1.016 = 0.001
+ Sigma 0.02735 £ 0.00021 400 — Sigma 0.0402 + 0.0011
6000 — r
B CLARA / COATIAVA 42.83 - CLARA/COATIJAVA 5a.0.11
= 300 —
4000 — ’ -
: o + 200 —
2000 — n - B
: - *." 100 —
Olﬂ-—t—-t——-**’\_T _rvﬁt I BRI R | \' T_ﬁ“‘ﬁ‘ﬁ'—\"x—ﬁ"r‘r‘-{“—l—"* r
06 07 08 09 1 11 12 13 14 0 | | I ] I Ll ] I L1 T 1 L1 1
Mriss 0.7 0.8 0.9 1 11 1.2 1.3 1.4 15
. missing mass /GeV
Markov: elastic .._... .._y... e e
| mean -0.186
T ! ' 00 | sigma 0.790
mean 0.006
000 L sigma 0.226 [
. 0O |~
100 |~
0O |~

% 10 oo 10 2.0 ) oo TR M

. . > -5 -4 -3 -2 -1 O 1 2“l3l a4 5
phi_rec - phi_gen phi_rec - phi_gen

Change of resolutions from 4.8.3 to 5.0.11 may be due to new code/tables/constants
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Electron distributions:ratio run2667/DIS-MC

DIS-MC (with RC)
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Significantly less electrons at small angles!!
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Electron distributions:ratio run3210/DIS-MC
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DIS-MC (with RC)
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More electrons at small angles for outbending!!
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MM effects in MC:noMM vs MM

x 10 2 DIS-inbending 100%:2<E<10GeV \ 6 (deg)
\ eg
7000
€ no MM | = ’
6000
5000
4000 BMT + FMT material scan in radiation length
3000 | Lﬁ 02
2000 |- ‘o 0.182—“ [\q M.Defrune
016
1000 -
: A B | %LT-IL.H—‘"'W_ ] 0'14:_ .
° "o 15 20 25 30 35 a12F- — Allmaterial
6, O —— Removed material after last
01 BMT layer (FMT cables, cover, etc)
Al 008 -
£07 ? 0.06:—
1.05 | -
g 0.04—
1.025 |- - - ~
: . 0.02 o — -
» . % + ok ! ! Ll ! ! !
0.975 - - * 0 20 40 60 80 100 120
095 | - * Il 0 (deg)
0925 | " m D C
S S bl » Significant amount of material in the
A acceptance in forward angles.
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x*/ndf 1874 / 5 o x°/ndf 2810. / 5
30000 [ | g, Sz t°°°° | o e
Sigma n o.1826e-01 80000 - Sigma J 0.1633E-01
25000 [ 0000 |-
20000 |- 0000 -
0000 |
15000 [ 0000 | n O M
10000 | 0000 -
5000 \L 0000
3 o 0000 |
0 F‘t’“"ﬂ“ijf L M o E/LfLJLmMWT | T‘"n"rﬁ] ot [od o]
-0.2 0 0.2 -0.2 0 0.2
Erec—gen(Gev)
80000 | |/, “homcias | 2250 [ | comant ' azotaces
N Mean 0.1669E-01 - Mean 0.1707E-01
70000 : Sigma 0.3s63e-01 | 2000 | Sigma 0.2411E-01
60000 |- 1750 |
50000 - 1500
40000 |- 1250 MM
s 1000
30000 | - no
; 750 |
10000 |- ] 250 % j
0 ) e 0 :m;wf%—f-'i 1 .kﬁh:m a
04 -02 0 02 04 -04-02 0 02 04
erec-gen

MM effects in MC

7<E<8GeV,5<0<15

Significant energy loss >10 MeV

* Much worse angular resolutions
 Wrong angles (radiation?)

More plots for angular and energy ranges in

https://userweb.jlab.org/~avakian/tmp/mm-effect.tar.gz
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MM effects in MC:angular bins
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Erec-gen(GeV)
X' /ndf 3398. / 23 0000 X' /ndf 0.1121E+05/ 22
14000 |- |, G 1 e
1 2000 Sigma 0.4154E-01 0000 Sigma 0.2602E-01 ] .
10000 * Much worse angular resolutions in all
: 0000 |- angular bin
8000
6000 | 0000
4000 | i
; 0000 |-
0 L i 0 T ey nnldng n e
-04 -02 0 0.2 04 -04 -02 0 02 04

rec-gen

=
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MM effects in

5000  [x/na 5620 7 514000
Constant 4384.
! Mean I -0. ¥
Sigma g?:i::-gf |2000
4000
i 10000
2000 _ 6000
i 4000
1000 -
I ] 2000 |
0 T R PN 0
-0.2 0 0.2
8000 |- [ ™ 255000
7000 [ [ e [ Ormeeo
6000 20000
5000 |- 15000
4000 |
3000 |- 10000
2000 |
- 5000
1000 [
L S S, S| ——
-04 -0.2 O 0.2 04

.geffgon Lab

¥/ ndf 4555 / 5
Constant 0.1192E+05
| Mean -0.6150E-02
Sigma 0.1535E-01
- [
T LR B S
-0.2 0 0.2
Erec-gen(Gev)
B X/ ndf 4977. / 22
Constant 0.2253E+05
Mean 0.1063E-01
Sigma 0.2624E-01

o ,LMJ;]L\F,J‘L&, an

-04 -02 0 02 04

0

rec-gen

MC:angular bins

5<E<6GeV,15<6<17

Significant energy loss from MM ~2-3 MeV

* Much worse angular resolutions in all

angular bin
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MM effects in MC:angular bins

¢/ ndf .
éonsfant e ;3975. 8000
2500 [ |sems |  osmmecor | 7000
i 6000
2000 |-
! 5000
1500 - 4000
1000 : 3000
: 2000 |
500 - g
] 1000 |
0 MWW“ﬁﬁjllhﬁA Lo 0
-0.2 0 0.2
b X/ ndf 1183, 7 23 16000
4500 Constant 4065.
g Mean LE 0.1296E-01 1 4000
4000 f Sigma | 0.4374E-01
3500 |- 12000
3000 | 10000
2500 | 8000
2000 | 6000 |
1500 | 000 |
1000 |- 4000 |
500 | 2000
0 SN SN v S 0
-0.4 -0.2

.geffei?son Lab

0 02 04 -04-02 0 02 04

- x*/ndf 2188 / 5
N Constant 6848.

Mean -0.7135E-02
- Sigma 0.1824E-01
- no VM

T T

-0.2 0 0.2

rec-gen( )
» X df 3987. / 23
Constant 0.1302E+05
Mean 0.1168E-01
Sigma 0.2827E-01

U

0

rec-gen

5<E<6GeV,17<6<19

Significant energy loss from MM ~2-3 MeV

* Much worse angular resolutions in all

angular bin

Avakian, JLab March 8
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MM effects in MC:angular bins

900 ¥ /ndf 5267 / 52500 |- ¥ /ndf 1940 / 5
ool B e S 4<E<5GeV,21<6<23
Sigma 0.1859E-01 Sigma 0.1508E-01
700 2000
600 | " no M Significant energy loss from MM ~6 MeV
500 |- 1500
400 1000
300 | ] [
200 ; J 500 |- 1
100 - i I 1’
0 R kel LH | 0 N ek |1~L‘mlt oo
02 0 0.2 02 0 02
Erec-gen(Gev)
s e T
1200 - [¥ew ] Sreee 323 I = = * Much worse angular resolutions in all
1000 | 2000 E no\MM angular bin
800 2500
600 ; 2000
400 ; 1500 |
: 1000 |
200 . 500

o1y Nl oo

0o — - o
-04 -0.2 0 02 04 -04 -02 0 0.2 04
erec-gen

Y=
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MM effects in MC:angular bins
ozs | || sms| 2T [ e 4<E<5GeV,29<0<31

: Sigma 0.2271E-01 4 g Sigma 0.2456E-01
0.2 [ i

L 0'8 N [ . .
0.15 |- e | N0 MM Significant energy loss from MM >15 MeV
0.1 g

' 0.4

0.05 JHIFJ\! ; 0.2 . “

o>‘1‘t..[..mln_ O'LI’:J ] |l‘1.
-0.2 0 0.2

-0.2 0 0.2

Ereo-gen(Gev)
0.6 [ |t oss| 2 F |t s
- 'soloan [ o0.3282€-01 1.75 3 :ean j/l 0.1230E-01
0'5 - igma 0.9500E-01 . : igma 0.3665E-01
04 | 15 ] * Much worse angular resolutions in all
: 3L noMM angular bin
03 1 -
02 | 075 ¢
[ 05
01 ¢ |o02s | ;
et Lo 1o 0 b | Ll ]Aﬂﬂ N

04 02 0 02 04 -04-02 0 02 04
0

rec-gen
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18000 |
16000 |
14000 |
12000 |
10000 |
8000 |
6000 |
4000 |
2000 |

Electron energies

Significantly more electrons at low energies
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Extraction of DIS x-section and acceptance

"model": "Nobuo_F2,FL"
"N. Sato et al"

"multiplicity”:"Counts"

"Beam Energy": 10.600
"lepton-polarization”: "@"

"nucleon-polarization": "@"

"variables":["N","Counts","Err.Counts

{"name":"a","bins":
{"name":"b","bins":

C

{
"reference":
"particle": "pi+"
"axis":[
1,
"parameters":
]
}

JW W WWWNNNNNRERREROS®
nHEWNEFEFOSPLPWNHONFKFOFO

» Acceptance can be used to correct distributions for monitoring

PSS IS IS IS S IS IS S IS S S S S S

.81900E+03
.17300E+03
. 14940E+04
.24200E+04
. 74100E+03
.10610E+04
.21560E+04
.26110E+04
.15350E+04
.48000E+02
.82900E+03
.15660E+04
.20270E+04
.24600E+04
.22240E+04

AANANATr . NAD

PSS IS S IS S IS TS S IS S I S

.33103E+07
. 79404E+06
.45989E+07
. 78833E+07
.25279E+07
.29902E+07
.54615E+07
.66272E+07
.41679E+07
.14361E+06
.23725E+07
.38319E+07
.42636E+07
.49319E+07
.48486E+07

ANAnNnrcor .nv

99, "min":
99, "min":

,"acc

EICSI S IS S IS S IS TS S S IS S S S S

0.
0.

05, "max":
95, "max":

.11567E+06
.60369E+05
.11898E+06
.16025E+06
.92865E+05
.91799E+05
.11762E+06
.12970E+06
.10638E+06
.20728E+05
.82399E+05
.96832E+05
.94699E+05
.99437E+05
.10281E+06

ATINnAOr .AC

","ROdCOP","

PSS IS IS S S S S S IS IS S S S S

xav", "yav

.18094E+00
.83559E-01
.43024E+00
.38679E+00
.18311E+00
.34089E+00
.44019E+00
.51925E+00
.29366E+00
.41388E-01
.30402E+00
.35124E+00
.44952E+00
. 54600E+00
.43699E+00

ACcAacAr.nn

"non

, 'g2av"

SN = = WNNEENNREWN

.5475
.1196
7770
.2943
.7515
L4475
.5917
.0516
.5589
.0801
.3423
.4013
.5274
.8039
.3514

2794

FICSIS IS S IS S IS TS S S IS S S S S

0.95, "scale":"lin","description":
13.1, "scale":"lin","description":"QA2"}

.0566
.0583
.0631
.0637
. 0664
.0725
.0723
.0722
.0744
.0768
.0816
.0816
.0814
.0814
.0822

nocn

FICS IS IS S IS S IS TS S RS IS S S S S

X_bj"}

.9099
.9392
.8246
.8924
.9300
.7176
.7891
.8767
.9235
.9478
.6379
.6993
NS
.8531
.9135

Nns”2orc

Radiative corrections
may be significant

A R e R e e e e e

.0248
.0883
.0334
.1298
.2276
.0332
.1339
.2579
.3654
.4485
.0341
.1334
.2578
.3798
.4934

cocn

« DIS output can be generated using input F,,F, or F,,F, or directly x-sections

.!effe:?son Lab
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Generating DIS and SIDIS

Full event generator (PEPSI)

Niasks A N I-pol N-pol I-ID  E, .., + T-ID process-ID x-section
1 1 1 0.0 1.0 11 10.600 2212 1 0.8052759E+05
1-1. 21 11 © © 0.0000 0.0000 10.6000 10.6000 0.0005 0.0000 0.0000 0.0000
2 g 21 2212 © © 0.0000 0.0000 0.0000 ©0.9383 0.9383 0.0000 0.0000 0.0000
3 0. 21 22 1 0 -0.9974 -0.7292 SESIE 3.4109 -1.5059 0.0000 0.0000 0.0000
4 -1. 1 11 1 © 0.9974 0.7292 7.0822 7.1891 0.0005 0.0000 0.0000 0.0000
5 g i3 2 0 6 -1.0092 -0.9040 3.2382 3.5102 0.0056 0.0000 0.0000 0.0000
6 0. i3 2103 2 © 0.0117 0.1747 0.2796 0.8389 0.7713 0.0000 0.0000 0.0000
N1 12 ZEES RO -1.0092 -0.9040 SRZ3 82 3.5102 0.0056 0.0000 0.0000 0.0000
8 0. i} 2103 6 9 0.0117 0.1747 0.2796 0.8389 0.7713 0.0000 0.0000 0.0000
9 0. i} 92 7 10 -0.9974 -0.7292 SRSIE 4.3492 arazizil 0.0000 0.0000 0.0000
10 2. il 2224 9 12 -0.7729 -1.0806 3.4710 3.9069 1.2047 0.0000 0.0000 0.0000
11 -1. a -211 9 © -0.2245 0.3514 0.0468 0.4422 0.1396 0.0000 0.0000 0.0000
dz e a 2212 10 © -0.5843 -0.9049 2.3668 2.7645 0.9383 0.0000 0.0000 0.0000
sy g a 211 10 © -0.1886 -0.1757 1.1042 1.1425 0.1396 0.0000 0.0000 0.00?2//"
der - y2 2
. = 1+ — | {Fuur +€Fy
drdQ? dy dzdond|Ppi|?  zQ* 2(1—¢) 2 | -
Dedicated (inclusive pion generator)
2 1 110 1.0 11 10.600 2212 1 0.1108596E-01
1-1. 1 11 @ 0 -0.7583 -0.7440 SloEiil 4.0972 0.0005 -0.0174 0.0305 1.3425
& il 1 211 0 o 0.8698 -0.6332 SREDZS 3.4291 0.1396 -0.0174 0.0305 1.3425
2 1 110 1.0 11 10.600 2212 1 0.4220764E-02
1-1. 1 11 @ @0 -1.1716 0.9665 3.2259 3.5656 0.0005 0.0016 -0.0436 -1.5889
% s 1 211 0 o 0.1630 -0.4267 3.5986 3.6302 0.1396 0.0016 -0.0436 -1.5889
do 202 y?

dzdQ®dy ~ Q' 2(1—¢)

{2“ —e)eFi(@, Q%) +e(l+ 7’2)FQ(I,Q"’)}

Dedicated DIS generator

2 1 1 0.12 1.04
il =il 1 11 0 0 -1.2610 -0.0968
2 0. 1 22 1 90 0.2821 -0.0185

.geff;?son Lab

11 10.600 2212
1.5722 2.0177 0.0005
0.3528 0.4521 0.0000

Avakian, JLab March 8

-0.0185
-0.0185

0.0768
0.0768

0 (twist-4)

1 0.6882683E-05 @.1235496E+00 11.55 8.13

-0.4312
-0.4312
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Generating DIS and SIDIS

Dedicated SIDIS generator

2 1 1 1.0 1.0 11 10.600 2212 1E.1108*m-01 I
il 1 11 @ @ -0.7583 -0.7440  3.9571 - 0005 -0.0174  0.0305  1.3425
2 1. 1 211 @ © 0.8698 -0.6332  3.2529  3.4291  0.139 -90.0174  0.0305  1.3425
2 1 1 1.0 1.0 11  10.600 2212 1 0.4220764E-02
0=l 1 11 0 © -1.1716 ©0.9665  3.2259  3.5656  0.0005 0.0016 -0.0436 -1.5889
2 1. 1 211 0 © 0.1630 -0.4267 3.5986  3.6302  0.1396 0.0016 -0.0436 -1.5889

Dedicated DIS generator (Bosted)
1 1 1 1.0 1.0 11  10.600 2212  1|0.6224668E+00 |

1-1. 1 11 0 0 -0.6109 1.3411 8.1241 8.2567 0.0005 -0.1465 0.0724 -0.0298
GEMC
COATJAVA 4a.8.4 | LUND Header | LUND Particles
"bank": "MC::Event", [ column | quantity lcolumn| quantity
"group": 41, | 1 | Number of particles | 1| index
"info": "Lund header bank for the generated event", | 2 | Numberoftargetnuceons | 2 | lifetime
"tems": [ | 3 | Numberoftargetprotons | 3 | type (1 is active)
{"name":"npart",  "id":1, “type":"int16", "info":"number of particles in the event'}, [ 4 | Target Polarization | 4 | particle ID
{"name":"atarget", "id":2, "type":"int16", "info":"Mass number of the target'}, [ s Beam Polarization [ 5 | parent index
{"name":"ztarget",  "id":3, "type":"int16", "info":"Atomic number oif the target"}, 6 beam PID (electron=11, || 6 |index of the first daughter
{"name":"ptarget", "id":4, "type":"float", "info":"Target polarization'}, photon=22) | 7 | momentum x [GeV]
{"name":"pbean",  "id":5, “type":"float", "info":"Bean polarization"}, | 7 | beam energy [ 8 | momentumy [GeV]
{"name":"btype",  "id":6, "type":"int16", "info":"Beam type, electron=11, photon=22"}, | 8 | target nucleon ID [ 9 [ momentum z [GeV]
{"name":"ebean”,  "id":7, "type":"float", "info":"Beam energy (GeV)'}, 9 process ID [ 10 | E
{"name":"targetid", "id":8, "type":"int16", "info":"Interacted nucleaon ID (proton=2212, neutron=2112"}, 10 event weight/cross section  |[| 11 | mass
{"nqm" "pmggsud"' "'id"'Q' “fypg“"‘inﬂﬁ". "infn"+ "Prarpce Tn"}' | 12 | vertex x [cm]
{"name":"weight",  "id":10, "type":"float", "info":"Event weight'} [13 ] vertex y [cm]
] | 14 | vertex z [cm]

KA
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DIS input from theory and phenomenology

Study the effect of F_UU,L (accounted in DIS and ignored in SIDIS)

Fy(x, Q%) = F5T(x, 0%) (l }

|_0.8 -

L 0.7
0.6
0.5

0.4 |

0.3

0.2 |
0.1 |

-0

0.1 |
-0.2 b

CHT(~\')> (1 2
5 : (I +97)F
0 1+ R = 2z F
ot R
- Q’=1 O o Q=
02=3 Qz=3
- A 02=5 o o u i\ 02=5
v 02=7 m o Qz=7
- °* .4
'y
g 00 B
2 v P u 2
O v
- © <D) 0O v' X A z o -
3 25000y T Tl
- yril % - § 2 ; o Yo
:.ii!z“l.. ° %§§@@§ D%AOA
= ®®e00e’ . PR
| L1 1 1 ‘ | | L1 1 | L1 1 1 ‘ L1l 1 1 | Ll 1 | ‘ I | | L1 1 | Ll
0.1 0.2 03 0. 05 06 0.7 08 0.9

X

« Different Q2-dependent factors contribute.
» Separation is important for DIS, but will be critical for SIDIS

J)effe?son Lab
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10 [ - A v

¢ 1
01 02 03 04 05 06 07 08 0.9
X

Consistent in kinematics,
where HT are not significant
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Comparing generated ouput with input

- b . . .
o) S| — 0.9 using x-section generator in x/y
: 0.8 §
4.5 3 generated
4 _ 0.7 output a
35 _ 0.6 0 - 10 If
o 05 | :
3 | e—— : 10 .
25 | 04 '
2 d 0.3 C —>
| i generated
15 - 0.2 : input 10 10-302
| ———cees| 0.1} 101 ;
0.5 05 0.75 0.5 05 0.75 - S
X X | R ) I a
. . -4 0 g g
compare 3 bins in Q? 10 0 - A
average values agree | . 4 A

‘ — 10 ———— 10
005 05 095 0.05 05 095 0.05 05 0.9

Even with uniform distribution in x, the generated distribution is not
uniform and depends on initial cuts on electron angle and energy
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Kinematic distributions

10%- : 2500
ik solid-PEPSI 3000 - T S
0% " dashed-SIDIS e S
: : [irh 2000 |- at
, . ) 2500 i [
o ., dotted-DIS (Bosted) : JJ | : HH
Sy 2000 | [ WHI 1500 | ™
7 s i i : h
104 1500 [ , [ e
_ L o - 1000 - 1
10+ 1000 j—f L ] LY
1] 500 H W o
l ‘ cls 8 ;) lz 4 [ =S ol [ ‘ e
2 4 10 12 1 "o o2 o4 08 08 1 12 0 2 04 ( g
Ql 0 02 04 06 08 1 P1-2 0 0102 03 04 05 06 0.7 08 09 1
T Z

enX evnts compared with exX events from PYTHIA tuned to data

Simple event generator should be “reasonable”
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CLAS12-MC vs theory: defining variables
Boglione etal. Mt =/Pp+ M.

N 2
” M2 1 M2 1.75 | use MC P,
nQ ' Q2 " Q2 125 [
1F
2 0.75 |
P_= .o %P (1-x2M3/Q%)° M2 ol
Tc™ ~— N2 =
(]'*'f—’zy"xnzi\'ﬁ;/Qz)2 Q’ 0.25 |
0 ST SR B BN AP SN EPEER BT B BN
0O 01 0.2 0.3 04 05 0.6 0.7 0.8 09 1
_ _ z
2= (PP)/(aP) = Efv
- 17
1= Qz/Q(qP) S0 | use MC z=E, /v
008 |
[ 0.6 i
! -~ JLab12 o5 |
0.96 |- 04 [
[ 0.3
0.94 |- 3
i B 2%, 0.2}
Xp = - 0.1
0.92 - 1+J1+4ij2M%/Q2 0 S l l T I l L N
ogi‘m o - 0 01 02 03 04 0.5 0.6 07 08 09 1
"0 01 02 03 04 05 06 07 08 P;

xBj

g Y=
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Consistency check for z and P

Boglione etal. Mt =/Pp+ M.

=
St
o
P =0 zhzeZYh(l—xnsz,/Qz)z Mﬁ 0.99998
! (1+em2M/Qy  Q° 0.99996 |
0.99994 use Eq. with MC Py
0.99992
0.9999
) 0.99988 |-
r=Q"/2(qP) 099986 -
0 02 04 06 08 1 p1.2
2 = (PuP)/(¢P) = Ey/v T

Y=
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1
Py - ke = EM,,TM,T(e’f_’" 4 e¥n )

and

1 . .
Py - ki = EMhTMﬂ'(ey'_yh _ e)’h—)’:) )

Py - ke
P,k

for which we identify

R(¥nh,zn. xpj, Q) =

R(yn, zn, Xpj, Q) < 1: collinear to outgoing quark,

R(¥n.Zn, Xy Q)_1 &« 1: collinear to incoming quark.

.geff;?son Lab

(e)’f—)'h + e)'h—.Vf)

10 |
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