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INTRODUCTION TO RADIATIVE CORRECTION

When extracting PDFs or FFs, obtain cross-sections :

Oy = Gth[ﬂ(x,Qz,...)]

Taking into account higher order corrections :

c,=0"|F|+a,c"[F]+..

Experimental problem :

can't distinguish radiative photon from non-radiative ones...
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OBSERVED CROSS-SECTION

It is the convolution of the true cross-section times the radiator function :

Ao (p.q) = j —R(ll J)do"™ (p,~q,k)

Same goes for structure functions :

F;,LObS(x,Qz)ZJ‘d)?déan(x,Qz,)’Z,QZ)EQWW()’E,QZ)

Formulas can be extended for higher-order multi-photon emission.
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IMPACT OF RADIATIVE CORRECTIONS

Born Internal Bremsstrahlung Vertex Vacuum
Correction Polarization

Impact in SIDIS :

Difference between the hadronic and leptonic kinematic variables
Induces that eventually some hadrons fall into the wrong (x,y) bin.

Application of the correction factor to multiplicities is performing
kinematic event migration,‘redirecting’ these hadrons.

Nicolas Pierre - Monte Carlo Event Generation with Radiative QED processes in Deep-Inelastic Scattering
March 31, 2017 - DPG"17 HK 57.3



RC @ COMPASS

For hadron radiative correction, use of TERAD, which does second order
calculation of these corrections.

B> However, still don’t know where the radiative photon goes...

For this, need a radiative event generator.
COMPASS used RADGEN generator in previous analyses.
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FINDING THE BEST RC GENERATOR

Energy of radiated photon (0.8<y<0.9, 1<Q%<2) Atemp

Entries 14895
Mean 120
RMS 34.79

1400

RADGEN : produces more hard
photons (high energy photons) than 1200
soft photon (low energy photons).

1000

Naive thinking : in theory, more soft  ®®
than hard photons. -

But : MC simulation + RADGEN do 400
not describe well data : too much 200
hard photon.
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DJANGOH

DJANGOH, concatenation of DJANGO and HERACLES :

[0 Event generator for neutral/charged current ep interactions at HERA by
H. Spiesberger.

O

Simulates DIS including both QED and QCD radiative effect.

.

Includes single photon emission from lepton/quark line, self energy
corrections and complete set of one-loop weak corrections.

Includes also the background from ep — epy.
Capable of obtaining hadronic final state via the use of JETSET.
Modified to work for pp interactions.

Uses exact calculations and no approximations.

O 0 o g 34d

Fortran framework.
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# Events

DJANGOH/RADGEN COMPARISON

Energy of radiated photon (0.8<y<0.9, 1<Q2<2)
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First observation :

2 DJANGOH produces more soft photons
than hard photons
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DJANGOH/RADGEN COMPARISON
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DJANGOH produces less hard tnan GEN
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TGEANT

A GEANT4-based Monte-Carlo
simulation for the COMPASS-II
experiment.

] C++ framework
] Modular

] Can handle event generators for specific interaction simulation
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EVENT GENERATION HANDLING IN TGEANT

TGEANT checks
Beamfile for
iIncoming particle 2

Chosen generator
produces w/ given

physics 3

TGEANT recovers particles created by generator, Kills
incoming particles and creates outgoing particles

e e e e e e e e s
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INTERNAL IMPLEMENTATION OF DJANGOH

TGEANT : Beam Gen TGEANT

C++ Interface to Djangoh recovers infos of Beamfile from TGEANT

Interface run Djangoh as subroutine

Interface send LUJETS result of Djangoh to TGEANT

AT AAT

DJANGOH
Rotation of 4-V of outgoing particles
TGEANT creates outgoing particles, kill beam
Recover results in detectors TGEANT
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INTERNAL IMPLEMENTATION OF DJANGOH

Interface Class : TDjangoh o 4
2 |s a standalone class [ e ey
*/¢===== TDjangoh : An Interfoce to Djangoch ----- N. PIERRE, nicolas.pierredcern.ch ===-=-/7*
(only ROOT dependent)
2 Creates instance of Djangoh that can be manipulated in any C/
C++ environment

2 TDjangoh can be used within the ROOT framework (future
use ?)

Process Class : T4DjangohProcess
2 Is a TGEANT class
2 Manipulates instance of TDjangoh
2 Do the I/0 transfer of TGeant to TDjangoh
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RC

RC

INCLUSIVE RC FACTOR IN (X.Y) BINS

RC @ 0.100000 <y < 0.150000
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Correction up to 17%, mean correction around 5%
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Discrepancy between
DJANGOH and TERAD :
what is the cause ?

One trail : difference in
structure functions
parametrizations
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CONCLUSION & PROSPECTS

» Radiative Corrections can be
calculated exactly thanks to objects
like radiator function.

» RC needed for SIDIS cross-
sections. Impact of these
corrections in this channel are not
negligible : corrections goes up to
17%, average at ~5%.

> |dea is to choose the best event
generator consistent with real data
and use modularity of MC chain to
put it in.

» Production of MC with Djangoh as
event generator has begun for 2016
setup, hopefully giving better
agreement than Radgen. Actually
in the reconstruction step.
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UNFOLDING

Determination of the true cross-sections from the measured ones :

do_obs (p q) J._R(l l k)dO'true 4— k)

Typical answer : an iterative solution !

But, ill defined : P> no unique solution
P large uncertainties
P numerically unstable

I F C
+—+ =
k-l k-1' O

However, with partial functioning : R(l,l" k)=

B Initial state radiation : k.l small for <(/,,,7)—0
2 Final state radiation : k.l" small for <(/,,,7)—0
B Compton peak : Q2 small for p, (L, )~ p,(¥)



SOME WORDS ON HADRONIC RADIATION

Cancels with loops, collinear emission give rise to correction of type :

%log[mj] where  m, =0

Solution is to factorize and absorb the divergences into PDF.
_ A 2 2 _ AoA 2
do = Zdaf [1 +0, (Q Jm, )]qf (x)= ZdO'qu (x,Q )
f f

However, due to the difference of charge between quarks, there’s an
Isospin violating effect.



INTERFACE CLASS

Changed input method of Djangoh :
2 Standard method — inpuit file.
2 But : input file is not efficient when producing 1M events changing
Input between each generation.
2 Solution : drawing correspondence between struct in C++ and
COMMON blocks in Fortran.
2 Defined input values necessary for Djangoh in Interface.

Structin C++ Corresponding COMMON block in Fortran

When a value is given to a member of the
| block in C++, we retrieve the same value in
Its Fortran counterpart and vice-versa.
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INTERFACE CLASS

Output of Interface :
2 Lujets_t object containing the list of all particles.
2 Lujets_t linked to LUJETS COMMON block.
2 Can be obtained from Interface via GetLujets() method.
2 Checked consistency between what obtained in Fortran
subroutine and what recovered in Interface

From Djangoh (fortran) From Interface

Event Generation..

RANLUX LUXURY LEVEL SET BY RLUXGO : 4 P= 38
RANLUX INITIALIZED BY RLUXGO FROM SEEDS

Event Generated !

Event listing (summary)

KF orig

=

=
=
=

186
e
008
868
.148
.B6a
000
000 .

8 | Results from Fortran subroutine are

a6
080 well passed to the Interface
.B8a

.Ba3
7036
a.512
7.B85
.178
.893
.B58
.146
.881
.178
.625
.452
.a79
4.916
4.353
4.416
66 .668

mu-
K-

p+

g amma
g amma
pi+
gamma
gamma
gamma
gamma
gamma
gamma
gamma
gamma
g amma
gamma

Total number of particl
Xbj : B.8427037 vy : 8.2 orgeT 3.60494
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OPTIMIZING TDJANGOH

Djangoh was designed :
2 to work with only one input of incoming lepton energy
2 to then run multiple event based on this unique energy

TGEANT needs :
2 to generate events with incoming lepton energy picked from beam file
? means 1 event = 1 energy
The way it is handled :
2 ‘open’ Djangoh, run 1 event, ‘close’
2 Not really optimized : each time, lot of redundant stuff are made

NOW

Configure Djangoh with Conﬂgure Djangoh W|th Run Dj angoh in |ts Recover result from
infos from setting file infos from beam file entirety Djangoh

IDEAL

Configure Djangoh with Run |n|t|al|sat|on Conﬂgure Djangoh W|th Run event generatlon Recover result from
infos from setting file subroutine once infos from beam file subroutine Djangoh 23



LOOKING FOR TIME CONSUMING PROCESSES

Look at 1 event
For 20 events _
2 Time elapsed : 4m 02s fotaltire elapsed
2 Means : 12.1 s/evt

Initialisation

Integration/Init. for

Where does it take so long ? event sampling
2 Integration step where cross sections
for radiative processes are calculated

Sampling

Django6

Init user routine

Is it possible to do it once ?

2 Integration step depends on the Event generation

incoming particle energy, hence not
trivial to do it once.

End
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FROM ONE TO A GRID OF CROSS-SECTIONS

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

For several input energies

For one input energy



MODIFICATION OF DJANGOH

HSMAIN

Receive input from Interface

For one energy calculates
corresponding X-sections
for radiative processes

Generate events according

to calculated X-sections for
radiative processes

HSINIT

Receive input from Interface

For a of

energy calculates

corresponding X-sections
for radiative processes

HSEVTG

Generate events according to
calculated X-sections for
radiative processes picked in

the wrt.
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THE CROSS-SECTION GRID

( The actual container / The type mimic

The type mimic is placed in a Module
In order to be used and recognised as
the same type in every in every
subroutine (because fortran)



THE CROSS-SECTION GRID

Then declaration of
COMMON Block
that consists of
tables of types

COMMON Block of
GRIDS

28



THE CROSS-SECTION GRID

To initialize the grid, just
loop over the different
bins and take the center
of the bin as energy of
incoming lepton for
cross-section
calculation.
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VARIATION OF CROSS-SECTION WITH ENERGY

Diff. on [140,180] : 9.5 nB 2.38nB  2.0nB 0.06 nB 13.9nB
“* Virtual/Soft ** ISR v FSR ¥ Compton ¥ Total

Cross-section (nB)
0
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# Events

# Events

# Events

VARIATION OF PHOTON ENERGY WITH X

E“/
10* - 2 - 2 -
Entries g Entries 41939 s Entries 35254
Mean 28.22 2 Mean 16.83 g 10t Mean 10.9
Std Dev. 32,87 * Std Dev 23,09 * Std Dev 175
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10?
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1 1
L L L o PIFIFE PP | L N P L L L T PP R |
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i = =33
Entries % Entries % Entries 27737
104 Mean Z Mean 2 10 Mean 6.237
Std Dev. * Std Dev * Std Dev 11.97
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L 1 o PRI PP | L N P L L
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# Events

# Events

VARIATION OF PHOTON ENERGY WITH Y

#E,0.100000 <y < 0.150000

Entries 43110
Mean 275
Std Dev 3.894

# Events

180 200
E, (GeV)

#E,0.300000 <y <0.500000

10

10°

10?

Entries 54756
Mean 14.54
Std Dev 19.48

180 200
E, (GeV)

#E,0.150000 < y <0.200000

10*

10°

10?

10

Entries 32182
Mean 4.597
Std Dev 6.375

# Events

T80 200
E, (GeV)

#E,0.500000 <y <0.700000

10°

10

Entries 30670
Mean 26.72
Std Dev 33.25

180 200
E, (GeV)

#E,, 0.200000 <y < 0.300000

Entries 46319

Mean 7.666

10° Std Dev 10.52
10°
10?
10

180 200
E, (GeV)
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