Fully differential MC generator
and Bessel weighting

Mher Aghasyan
QCD-N’12 Bilbao, Spain
o 25 October 2012
INFN
(e



Outline

SIDIS cross section

Fully differential MC with
» Factorized DF and FF
» Non factorized DF and FF

Bessel weighting
Summary



SIDIS cross-section

Figure from PRD 71, 074006 (2005).
do

dedydzdp? dk? dogdpnddy,

Assuming single photon exchange,
after integration, the lepton-hadron
cross section can be expressed in a
model-independent way:

do B
dxdydzdPﬁ,qubsdgbh -
While usually we measure in the experiments y
dO' B d/ dO' x
dedP? pdpsddn, 7 O P2 dgiden Z
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Model for fully differential MC

PRD 71, 074006 (2005).

Quark intrinsic motion with Torino model: M, =20 rrc =k~ /P~

Quark inside the proton have the momentum:

k2 k2
+ — k,,—rrcPy+ L )

k = P,
(“C Ot o B drro B

2

1 4k
Where 7rc =57 (1 +4/1+ Qj) , and Py isthe proton energy.



Fragmentation

PRD 71, 074006 (2005).
photon
NN\
q
Scattered quark 4 momentum calculated: k' =k +¢
Final hadron generated with the momentum: ) )
. 7 o . 7 . pJ_ _|_ Mh
Ps; p, = p1 cos(¢) Py = p1 sin(g) P;p =z2pcEy — ——F=+
4zpc By
Strictly Z=2zn # 2LC
Although, we assume Z=2zZn = ZLC

To account and understand all the assumptions, integrations, correlations and
more fully differential SIDIS cross-section should be studied.



Kinematics restrictions

PRD 71, 074006 (2005).
photon
NN\
q
k. <0 [
M, =M, =0 ,
3 /
i G-2p) . LR
kJ_ I B — ITB ] / 1 i
oSt 4 ] — < (2—-zp)(l -z
Q2 ~ (1-—2zp)? - | g =@res)l-os)
ZCB<O.5 O%_Oﬂ"‘072".OT4I‘IOI_6‘I‘OI_8.‘I1.0

If one accounts for the non zero target mass, then one will obtain wider phase space, since
bigger is target energy for given Q?, bigger is quark momentum inside nucleon.
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Fully differential MC with Gaussian FF
and DF

do B )
dudydzdp? dk2 dppddndde K(z,y) [J(z,Q% ki) {fi(z,k1)D1(z,p1) + Ag1(x, k1 )D1(2,p1)}]

Simple Gaussian DF and FF. PRD 71, 074006 (2005).
k2 52
e_<kiJ_>f1 6_<kiJ_>gl
7k — x,k‘ = T
fi(z, k1) f1($)<ki = gi(z, k1) = gi( )<ki >
fi(@) = (1 —a%)z™ 1o g1(x) = fi(z) x 2°7
D =D — _ )2
1(2,p1) 1(27)<p2l S D1(z) =0.8% (1 —2)
2 2 2 2 2
. 2 oy T A _ @y v
where: J(z,Q Jﬂ)—xw <1+$%C Q2) K(z,y) 2319 <1+2x)



Phase space in MC: simple Gaussian

Eveam = 11 GeV
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<k >p=02GeV? < ki >, =0.16GeV? < p2 >=0.14GeV?

x and k), are not factorized even in Gaussian approach.
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Phase space in MC: simple Gaussian
DF and FF

Ebeam =11 GeV

Eveam = 160 GeV
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Kinematic cut-off is sharper at higher beam energy and smaller «
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More input functions

e How MC will behave with different functions?

 How strong result will depend on input functions
and parameters?

» Since | can not apply exact kinematic restriction
of the model to the experimental data, how big is
the effect with and without kinematic restrictions
within the model?

For simple Gaussian input DF and FF MC describes data
only with kinematic restrictions! (+ Torino fits)




Modified Gaussian FF and DF

Stan Brodsky, "Novel Features of Hadron Dynamics and Light-Front Holography”
Warsaw - July 3 - 6, 2012

2 2
_ k1 _ k1
2<ki>f1m(1—x) e 2<ki>glm(1—m)

€

gl(xv kJ.) — gl(x)
<k >pq Vel —x) < k% >, Vel —x)

fi(z k1) = fi(z)

Gl

e 2<pi>z(1—z)

ky/Q

Dilzpr) =Dile)_ P2 > /2(1 - 2)

No cuts with red lines.
Only energy and momentum conservation.
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< ki >;=0375GeV? < k] >, = 0.3GeV? < pi >= 0.14GeV?

k., <0 requirement is satisfied automatically for 95-99% of events.
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More modifications

%\j 1.2: 2 2 l1goo Qé\} 1.2 k2 lzzoo
et 1= Q =1 GeV ozt 1 . _ 1 2000
B — 1000 1w e 2<k:i >z(l—2x) — 1800

- . 1600

0.8: la00 0.8 vl . 1400
0.6 1 o 0.6 8 - - | —1200

E i) —1600 = s - 1000

0.4 —400 0.4 800

C 600

0.2 200 0.2 400

B - 200

% 07 08 09 1 ° % °

—{1200

— 1000

0.8
[ —{s00

—1600

0.6

0.4

400

0.2

200

0 AATEESW‘EL‘* - L :'--':
0 01 02 03 04 05 06 07 08 09 1

X

If we account not only x but also y, requirement k, < 0 fulfilled automatically!
Like positivity bounds from PRL 85,712(2000) one can automatically fulfill with
proper choice of the functions.
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kT dependence for different = bins
simple Gaussian DF and FF

<k >p=02GeV? <k >, =0.16GeV? < p7 >=0.14GeV?
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k* dependence for different = bins
simple Gaussian DF and FF

<k >p=02GeV? <k >, =0.16GeV? < p7 >=0.14GeV?

EBeam =6 GeV

+2 I ndf 155 /108
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Output of MC is close to the implemented values for wider range!
Is it connected tothecut £k, <0 ?



k1 dependence for different = bins

<k >;=02GeV? <k} >, =0.16GeV? < p? >= 0.14GeV?
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In modified Gaussian MC we recover implemented value even at small x!
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k1 dependence for different = bins

— 2 2 2 2 2 2
Epeam =6 GeV <k >;=02GeV? <k} >, =0.16GeV? < p? >= 0.14GeV
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Variation of the implemented and observed widths is due to the energy

and momentum conservation!
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%) dependence vs =

Red: parameter for the MC, Black: actual
Blue: simple Gaussian DF with restrictions
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Modified Gaussian DF and FF allows to use one fixed parameter for different x!
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(p1) VS Z

Red: parameter for the MC, Black: actual N N
Blue: simple Gaussian DF with restrictions
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Modified Gaussian DF and FF allows to use one fixed parameter for different z!
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Bessel-weighted extraction of the
double spin asymmetry A |

JHEP10(2011)021
AJo(bTPh,T)(bT) _ ot (br) — o~ (br) _ orr(b mz gi(x z21)2)1?§(z b2)
E ot (br)+ o~ (br) UUU(bT >, fi(x, 220%) DY (2, b3.)
h ~4+ do_i
where o (br) = ¥z Jo(br Pr.1)Pr 1rdPp 1
b, T
N:I:
Or for MC events 5i(bT) ~ 5% = Z Jo(br Ph,,i)
i=1

In Fourier space convolution of transverse momentum dependent parton
DF and FF become simple products!



In simple words / equations

Let assume we can present:

dO-XY — C 6_ <P:};,ZXY
dPyr
o0 ——QPEL’T 1  <Pir>xvbt
oxy(br) = CXY/ e “RT7XY Jo(bpPh,p)PhrdPyr = Cxy 56_ a
0
| 2 2122 4 (p? 510 (b7) = Cmdi (2, 2br) x Dy (2,
Assuming: (Pp.r) = (k1)2"+ (p1) orr(br) = 591(%2 r) X Dy(2,b7)
Where: 2

2 2
L —<ki >g; b7

o) =2 [ ook ) T bk = e
0

2
Pl —<pa_>b%

Duleibr) = [ dalbpa)e A prdp =
0

This is just very simple presentation based on chain of assumption...
Bessel-weighting strategy does not depend on a Gaussian approach at all!




Bessel-weighted A,

0.44 |- -
- — G,b2/b2)
042 (S*-S)/(S*+S)
0.4
038~ Xg= 0.224,2=0.510
0.36f ¢ ¢ ° ° °
0_34:....|....|....|....|....|....|....|....|....|....
o 1 2 3 4 5 6 7 8 9 10
b (GeV™)
_A[i
1 St — 85~ n
' — S— = Jo(Pp. b
points m5++5_ where ; 0( h,T T)
~ — <k >y b7 —<k? g b2,

Curve calculated:

4

fi(@,br) = fi(z)e

(ki) were obtained using fits on ki distributions for given bin of the MC sample!
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Systematic discrepancy
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The ratio of the extraction to the curve has systematic shift, which is increasing
with decrease of ki range (similar behavior is observed also cutting P, 7 ).



The reason of the systematic few
percent discrepancy

0.44 o
- — 9,(b 2)/T(b.2)
042 ) .
. o0 o—t°/a” 0212, - - (S"SH(S™S)
T(br) =2 Jo(brt)———tdt =¢ "% >0 04
0 a 038~ Xg= 0.224,z=0510
036f - + o o ot
0,34
tmazx €—t2/a2 ~ bT(GeV-1)
2/ ‘]O(th) a2 tdt 2 0 1.04
tmin 1.03E'1I L
E L
.02, , , L
= L ) 8 ']
£ LY ]
101 T
E e ok
= 4
e R 1
0o ANK] ‘
B k3<0.55 GeV?
OB¥E . k<05 GeV?
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L S I - I
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Red points are integrated for the range from 0 to maximum value!
While curve is integrated from O to infinity!



Correction

a? a2

tmazx e—t2/a2 oo 6—132/(12 oo €—t2/a2 1 a2b%
/ Jo(brt) it — / Jo(brt) & tdt / Jo(brt) tdt = Jem T x (19
0 0 a t

max

where
[2 Jolbrt) ol tat 2,3 [0 —*/a?
o\vr a
€= tmoaom _t2a/2a2 =2 T / JO(th)e 5—tdt
fO JO(th)e a2 tdt tmax a
g 2p2) 1—ce¢ Jo(bp P 1—e¢

AJo(bTPh,T) br) — 1_529}(93,2’ T) o 91 _ g o(br Pp,T) br) X g1

LL,measured< T) fl (.CU, ng%) 1 — €f LL ( ) 1 — €

One can use for example Gaussian approach to correct extracted points!
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Gaussian MC exp [—

Correction and calculation

(k1)

Modified Gaussian MC €xp [—2<

K)a(l - a)

044 —— B, (b 2)/T,(b 2) t 044 —— 9 (b.2)/ T (b 2)
N (S*-S')/(S++S') from Ph,T N (s+_s')/(s+ +s')
0.42 — e 0.42 —
- = (S*-S)/(S*+S) x corr B = (S*-S)/(S*+S) x corr "
04 o lineintegrateduptok s @ ° 0.4 o lineintegrated up to K.
038 xy= 0.224,2=0.510 038 xg= 0.224,2=0.510
N ' B
0.36%= 036/, o u = = = % %
B B T S S Jr e B I B T S S Sy R 0
b (GeV™) by(GeV™)
One can correct red points using series of assumptions, which is
presented with blue points.
Or, more precise, one can do calculations for the exact bin using
integration (from minimum) up to the maximum value, which is
presented with black open squares !
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Ratio or accuracy

Gaussian MC Modified Gaussian MC
1.03 1.03
- BW (Ph T)/ curve - BW (Ph T)/ curve
1.02 — ’ 102, . ,
C BW x corr/ curve + R = BW x corr/ curve
C | o L '
1016, J 1.01F ;
r . + 3 l r ¢ $ + +
17 . # % % T - T 17 T — L T
- t DD T f - A ; )
- t " + | - botot
0.99 } | x J 0.99
- 1}t i C Xy = 0.224,2=0.510
0.98 Xy = 0.224, 2= 0.510 0.98 -
097 T T s e T Y o 097 T s e T T T o
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If we consider b;range up to 6-7 GeV?, br < 1.2 fm
Bessel weighted extraction provides accuracy bellow 1%
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Summary

Multi-dimensional MC developed to study TMD extraction
from SIDIS data.

Target mass corrections has been studied and found to be
important at intermediate x.

Realistic DF with x and k (also y) similar way zand p, in FF
helps to automatically fulfill with tree level parton model
kinematic restrictions.

We present, model independent Bessel-weighting strategy on
our MC sample.

The procedure was checked with different input functions
(simple Gaussian k ; and x distributions factorized, modified
not factorized Gaussian case).
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Generalization to non zero proton mass

1) Generating = and ¥ | construct 4.
2) Do the boost to the CM frame of virtual photon and target.

Assume that quark inside the proton have the momentum:

k2 k2
k: / P 1 k . / P 1
(xLC O+4$’LCP0’ 1, ~Trc 0+43?’LCP0>

1 4k?
Where =pc = 5o (1 +4/1+ L) , and o isthe proton energy with non

2 02
zero proton mass.
vre =k~ /P™ =aho x (1+..)
1 IB
= (14 /1 +4k2/Q2)
(1+ /1 +4M22Z/Q?) 2 =
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FDSIDIS MC vs CLAS-DIS
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PRD 71, 074006 (2005).
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