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Introduction

* Project: Nuclear modification of quarks from ratio

N(m +) — NC(m )
N,(r ") — Nd(n )

R(Q% z,x) =

* Wanted: Error of the ratio = 1%
e Study with SIDIS simulation necessary statistics and systematic effects
* First step: MC sampling / integration error



Simulation parameter

* 12C with E, = 10 GeV and E, = 600 GeV, d with E, = 100 GeV
* 500 Million events (already generated) for CTEQ '°C and d
* LO PDF set and s-, sbar-, gluon-pdf =0

* Event generation within:

* 8.5GeV/c<p, <10.5GeV/c
0 GeV/c < p, < 10 GeV/c
0° < 8,<25° but generation itself in cos(8)
0° <0, <180° but generation itself in cos(0)
0° < ¢/, < 360°

* Cuts in event generation:
* 0.03 <x<0.15(0.05 < x < 0.1 cut applied later)
e Q2>1
e W>2



Electron Acceptance, '’C(e,e'n*)X, E =10GeV, E_=600GeV
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e Q%<10

*  p;<1GeV/c

* 0.05<x3;<0.1
e xs weighted

* 1M events




Q? and z Bins for SIDIS Ratio

Q? cut limits:

e Q2 cut[5]=1{2.0,4.0,6.0, 8.0, 10.}
z cut limits:

* z cut[4] ={0.2, 0.4, 0.6, 0.8}

X cut:

* 0.05<=x;<=0.1

P, <1 GeV/c



Q2

Q2 (GeV?)

10

Number of Events for 50M generated events

Counts per z and Q2 bin for '*C(e,e'n*)X

—  3984596.000 1211635.000 566906.000
— 3334970.000 1033219.000 462883.000
— 2587400.000 882189.000 360680.000
— 1368897.000 744645.000 280621.000
: | | | | | | | | | | | | | | | | | | | | | | | | |
2 0.3 0.4 0.5 0.6 0.7

z (GeV)

Q2

10

Counts per z and Q2 bin for d(e,e'n*)X

— 3986475.000 1212463.000 567067.000
— 3335016.000 1034569.000 463500.000
:— 2585542.000 882757.000 361617.000
:— 1369691.000 742045.000 279883.000
: | | | | | | | | | | | | | | | | | | | | | | | | | | |
2 0.3 0.4 0.5 0.6 0.7
z (GeV)
Z



Calculation of MC Sampling / Integration Error

 Method 1 adapted from Numerical Recipes (Charles)

* N events generated in phase space V with weights. Integral of function f (cross
section) is

* % 2 f(x) £ \/LN \/& Zifz(xi)] - [% Zif(xi)] ’

* Method 2 (adapted from Zhihongs Code):
* Plot weighted Q2 distribution
* Value = histo->GetSum() [ROOT]
* Error = sqrt( sum (variance) ) [done via ROOT]

— Both calculations gave the same error



Q2 (GeV?)

10

10

Deuterium Results on Weighted Cross Section/Count Rates

T+

i 294.6400 95.4288 29.5020
+0.0975 | +0.0524 ; +0.0231

i 498.4328 167.1020 53.1078
+0.1926 | +0.1056 | +0.0478

B 1004.3781 355.9395 118.8218
+0.4904 | +0.2777 ; +0.1312

B 2934.7171 : 1175.3974 : 431.4770
+ 2.2682 | +1.3857 | +0.7137

i i
2 0.4 0.6 0.8
m-

i 251.4643 74.3776 21.3713
+0.0828 3 +0.0406 3 +0.0167

i 425.2108 130.1974 38.4609
+0.1635 ; +0.0818 ; +0.0344

B 856.2388 277.1582 85.9841
+0.4160 | +0.2148 | +0.0942

i 2497.5211 : 913.6641 : 311.6584
+1.9209 | + 1.0694 | +0.5115

| i
2 0.4 0.6 0.8

from 500M Events

Q2 (GeV?)

o(m+) - o (TT-)

10
i 43.1757 21.0512 8.1306
1 0.1279 | + 0.0662 , + 0.0285
s R O L S R
B 73.2220 ' 36.9046 ' 14.6469
+ 0.2526 . +0.1336 . + 0.0588
| e — s e
i 148.1393 : 78.7813 : 32.8378
+ 0.6431 . + 0.3511 . +0.1615
—— — S —
i 437.1960 261.7333 119.8186
1 2.9723 + 1.7504 + 0.8781
| | i | i |
8.2 0.4 0.6
z

0.8



Q2 (GeV?)

Q2 (GeV?)

12C Results on Weighted Cross Section/Count Rates from 500M

T+

10 :
B 1768.1797 572.2821 % 177.1141
+ 0.5849 +0.3140 : +0.1389
B .................................................
i 2988.3872 1002.0657 319.0716
+1.1547 +0.6331 : +0.2869
o T .................................................
i 6027.3869 2137.8573 709.6010
+2.9428 +1.6658 : +0.7819
7] A T ——
i 17609.0187 7064.4996 2588.1483
+13.6036 ‘ + 8.3246 ; +4.2769
i i
8.2 0.4 0.6 0.8
T Z
10 ; :
B 1509.0307 % 446.0302 % 128.3041
+0.4967 : +0.2433 : +0.1000
8l .................................................. .................................................
i 2549.4279 780.7528 231.0691
+0.9803 : +0.4901 : + 0.2064
[ RSN .................................................. .................................................
| 5138.3896 1664.6506 513.5558
+2.4966 : +1.2886 : +0.5619
7] A S — ——
B 14985.7328 5491.6863 1869.4934
+11.5205 ; + 6.4248 ; + 3.0649
i i
6.2 0.4 0.6 0.8

Q2 (GeV?)

Events

o(m+) - o (TT-)

10
B 259.1489 126.2519 48.8099
+0.7674 + 0.3972 +0.1711
0SSNSO R S
i 438.9594 221.3129 88.0025
+1.5147 + 0.8006 +0.3534
6 ey P ST
B 888.9973 473.2067 196.0452
+ 3.8592 +2.1060 + 0.9629
4 5 P i ST
B 2623.2860 1572.8133 718.6550
+17.8264 +10.5156 +5.2617
1 | 1 | 1
8.2 0.4 0.6
y

0.8



Q2 (GeV?)
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9 - 1.002 1.002 1.000
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Previous Result for SIDIS
Ratio - 50M Events

(") —ag(n)

R(Q% 2z,x) = 6 *0,(m ") —06,(m )

Error from standard error
propagation of individual
weighted count rates

-> not sufficient statistic
in each bin for error < 1%



Q2 (GeV?)

Result for SIDIS Ratio with 500M Events

0 ; :
 1.0004 0.9996 ~1.0005
+0.0042  +0.0044  +0.0050
8l .................................................. e
| 0.9992  0.9995 1.0014
+0.0049  +0.0051 + 0.0057
B ____________________________________________________________________________________________________
. 1.0002 1.0011 0.9950
+0.0061  +0.0063 + 0.0069
s R
1.0000 ~1.0015 0.9996
+0.0096  +0.0095 + 0.0104
6.2 0.4 | 0.6 0.8

R(Q?% z, x)+ B
_oc(m ) — o)
6 *0,(m ") —04(m )

-> sufficient statistic for
all bins that MC sampling
erroris< 1%



Next steps

* Implement smearing (Ap/p. =1%, Ap/py, = 2%, AB, ), = 2 or 10mrad)
-> Study systematics from bin migration

* More simulations with nuclear modification (EPS09) for C12
e Check results with half the events for Pi+ and the other half for Pi-



Smearing Plots for Ap/p. =1%, Ap/p,, = 2%,
AB,/, = 2mrad)
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Generated Values for fix Q2 and variable z (0.05 < x; < 0.1
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Generated Values for fix Q2 and variable z (0.05 < x; < 0.1

| 5.0 <02<6.0and 0.2 <z<0.3 |

P, (GeV/c)
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