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e+A Physics Program: Science Matrix
Result of INT workshop in Seattle in fall 010 (arXiv: 1108.1713)
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“Seeing” Diffraction Slides from T. Ullrich

A DIS event (theoretical view)
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“Seeing” Diffraction Slides from T. Ullrich

A DIS event (experimental view)

THETA PHI
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“Seeing” Diffraction Slides from T. Ullrich

A DIS event (experimental view)

Activity in proton direction
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“Seeing” Diffraction Slides from T. Ullrich
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“Seeing” Diffraction Slides from T. Ullrich

A diffractive event (experimental view)

THETA PHI
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“Seeing” Diffraction Slides from T. Ullrich

A diffractive event (theoretical view)
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Large Rapidity Gap Method (LRG)

e |dentify Most Forward Going Particle
(MFP)

| Works at HERA but at. h_'Qher vs Diffractive p® production at EIC:
| EIC smaller beam rapidities 1 of MFP

d\ax i e+p: RAPGAP: MFP in Event

- 2+100 GeV - DIS

5+100 GeV - DIS
. . 10+100 GeV - DIS
Other particles (if any) 0.1r 50+100 GeV - DIS
- 30+100 GeV - DIS

-------- 2+100 GeV - Diff

I I PP PEPE S 5+100 GeV - Diff
'«-— 6d —» e 10+100 GeV - Diff
! 008 || e 20+100 GeV - Diff
Y B TP PR 30+100 GeV - Diff

Rapidity Gap

. 0.06;— DIS

/A
eam O cﬁeam
- |

p/A direction e direction 0.04+

Hermeticity requirement: -_ ~=%  Diffractive
e needs just to detect presence o
e does not need momentum or PID .

e studies done at BNL: Vs not a show 8 6 -4 -2 c|>
stopper for EIC (can achieve 1%
contamination, 80% efficiency) M. Lamont 10

rapidity
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Hard Diffraction in DIS at Small x

* 3 is the momentum fraction of
D the struck parton w.r.t. the
e - L t=(p! p) Pomeron
‘;L'/'/Z/'f ) e Xip = X/B: momentum fraction of

the exchanged object
(Pomeron) w.r.t. the hadron

/

, - X (M
I/ ( X) X Q2
I J ! —_ — = 5
h Xip Largest rapidity XP Q2 + M X I t
: gap in event
S 3 ] I\\ Or %:: Y (MY)
) -t i 3¢ S breakup of A
dlgthmeXh:  dnaZ YN IR, y° D4, o
drdO2dBdi — 3204 [(1 — Yy + 2) F5 (0%, B:1)— EFI‘ (z,Q<, B, I)]
e Diffraction in e+p: e Diffraction in e+A:
| coherent < p intact | coherent diffraction (nuclei intact)
| incoherent < breakup of p I incoherent diffraction: breakup into nucleons
| HERA: 15% of all events are (nucleons intact)
diffractive | Predictions: 0giff/Otot IN €+A ~25-40%
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Hard Diffraction in DIS at Small x

t=(p! p)°
X Q-
| = — =
X p Q2+ M % |
e Diffraction in e+p: e Diffraction in e+A:
| coherent < p intact | coherent diffraction (nuclei intact)
| incoherent < breakup of p I incoherent diffraction: breakup into nucleons
| HERA: 15% of all events are (nucleons intact)

diffractive I Predictions: 04iff/Otot IN €+A ~25-40%
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Why Is Diffraction So Kif?

e Sensitive to gluon momentum distribution

e Sensitive to spatial gluon distribution
d! . .
— = Fourier Transformation
at of Source Density pg(b)
| Hot topic:
I Gluonic spatial density
I just Woods-Saxon + nucleon g(b)?

I Incoherent Case: measure of fluctuation/

. A
lumpinessin! *(b)

2 1# 2
08 7
y4

> .
"“Y._ Incoherent
Coherent
10;
10° %
10 %

0O 005 01 015 02 025 03
It] (GeV?)
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Measuring t=(p-p’)?

For coherent diffraction one needs ' min = 0.08mrad (100)
to measure the scattered ion. Only p =100 GeV

possible if it is separated from the species (A) prt™" (GeV/c)

beamline detectors by an angle 6in, d (2) 0.02

which requires a momentum kick of St (28) 0
at least:

pgwin | PAl i Cu (64) 0.51

In (115) 0.92

For incoherent diffraction all beam Au (197) .58

remnants have to be measured for ¢ U (238) 1.90

to be reconstructed.

Both cases impossible - Need
exclusive diffraction!
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Exclusive Vector Meson Production

e $IFE S S
— - —$!” !%# g
S8 = =3
£ FO £
~ F —~$! 4 ~3!
$! %g ; (y:
- $! /; i
: ol :
3t :
- $? -
% —— 456070-* . A 3
L 8-956070- $! ZOL. . N Sartre 01
s S g o2l - Event Generator
é\\\\\\\\\\\\\\\\\\\\\\\\ .25\\\\\\\\\\\\\\\\\\\\\\\\ $!23?\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
! !"!4‘# I"$ I"$# !"‘% 1"Oo# "& ! I"1# I"$ I"$# 1"% 1"Oo# "& ! "1 I"$ I"$# "% 1"00# "&
:*:+,/O](j/° :*:+,/O:f/° :*=+,/Oi)/e
e Golden channel: e + A—¢e’+ VM + AO
QS —gp.s J/DVCS
I t= (PA'PA’)2 — (PVM + P’ - Pe)2 1—2& L
| photoproduction (Q2 = 0): t = p2tvm
| moderate Q?: need pt of € » —
| Issues: \;2?:65/

I transverse spread of the beam (distorts small t) = requires beam cooling
| detect incoherent events = detect nuclear breakup
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Detecting Nuclear Breakup

* Detecting all fragments pas=!p n+!p p+!p ¢+ !p » ... noOt possible
* Focus on n emission
| Zero-Degree Calorimeter e Additional measurements:
| Requires careful design of IR | Fragments via Roman Pots
| v via EMC
Traditional modeling done in pA: A7)

Intra-Nuclear Cascade
* Particle production
* Remnant Nucleus (A, Z, E*, ...)
e |ISABEL, INCL4

De-Excitation

e Evaporation

* Fission

e Residual Nuclei

e Gemini++, SMM, ABLA (all no y)

Y Fission products Y Spallatiodn residue
a, B, y decays

9
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Experimental Reality
Here eRHIC IR layout: e

A56)‘.&-
. 0/p&%0
Need £X mrad opening " = e h beam
. : o;&—.‘) , 0 %12
through triplet for n and e 0f 152
8.0-)*123
room for ZDC ' {'( ‘\t __ebeam
/0
. . ! " # $ %- %! 0" Yot
Big questions: -
e Excitation energy E*? %%@W@
e ep: do/My~ 1/My? o
* eA? Assume ep and use E* = My - mp as lower limit
35 | _theta distribution of neutrons at E* = 500 MeV | hing-ﬂgtegoo
4 - 12(C Entries 1214828
7 oo
"d:', : —|10¢ E [ theta distribution of neutrons at E* = 500 MeV | histoTheta500
E - —{80¢ -
2P N 30000~ Gemini++
- —{60¢ :
15 C
- 20000
- 40(
10
- 10000 B 6 7 8
5 20C
0:....|....|....|....|....|....|....|....|....|.... 0 O T S S S '7|~'-8
0 50 100 150 200 250 300 350 400 450 500 mrad
E* (MeV) 10
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Experimental Reality
Here eRHIC IR layout: e

A 56)‘.&-

oo h beam

0 %12

/080

Need £X mrad opening
through triplet for n and

0/0 &(‘\)
08~ D)

YANE *

[ e"(‘”“”\ e beam

room for ZDC . . :
Big questions: | " ’ s % ;2w oo

* Excitation energy E*? %%cm@

e ep: do/My~ 1/My? o

* eA? Assume ep and use E* = My - mp as lower limit

Simulations using Gemini++ & SMM show it works:

e For E™iot 2 10 MeV and 2.5 mrad n acceptance we have rejection power
of at least 10°.

e Separating incoherent from coherent diffractive events is possible at a
collider with n-detection via ZDCs alone

10
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Monte Carlos simulations

There are many Monte Carlo event generators for
simulating DIS and diffraction ep

The only generator available feA is DPMJet-Il|

11




Dihadron correlation in eA using

DPMJ

Detector smearing considered,

to see the performance of
certain detector resolution.

Suppose we have a 30%
suppression, can our
detector distinguish that?

A¢ distribution

0.25}—
s | etp smear ++
8’ 32:_ e+A 30% smear ++
0.15(— ++ + ++
|
SR ot
0.1
" | -
0.05{-4—4- -
é’_‘_f_l..'l...l,..l.,ll.,.l...l..._l*.—#:*.:
22 24 26 28 3 32 34 36 38 4Ao
10/27/2011

&
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e = -
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e
)
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o
S

0.2

Tllll[l
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3
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L4

A‘
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o

—_
IITITT
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Dihadron correlation in eA using
DPMJ

Detector smearing considered,
to see the performance of
certain detector resolution.

Suppose we have a 30%
suppression, can our
detector distinguish that?

A¢ distribution

&

= 14~  Smeared eAlep with a
S F 30% suppression
2( 1.2
3‘
3 0.56+0.02
0.8 ;
B | r
0.6/ + + & e _*_+ ++
Ce— - T 3
0.4
0.2}

D TR R S L WP VPR (b WY o W (5 0 N uad] LN R WL [ T Yot (751 WP aeT R
82 24 26 238 3 32 34 386

0.25|- Smear effect doesn't make a big deal in
g [ P eme ++ this measurement!
O ,,f ©*A30% smear ++ —
“F %’ 14— eAlep without smear no suppression
- + + Q" 12 eAlep with smear 30% suppression
0.15{— + 4 + L
- w S 4 4+
: + 4+ 4y 3 + 4 + il
8 0.8}~ . ——
i S U It 1 L B
E + W Tt Ty
- | —+— : | + + ‘
_ -+ gak | —4—
o.osj-i - i 53
;0—1111111_1*_#: 0.2:—
22 24 26 28 3 32 34 36 38 4 9: : : : : : : :
A0 2 24 26 28 3 32 34 38
_ Ad
10/27/2011 DNP-Liang Zheng 12
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DPM-Jet

Photon Gluon Fusion events

Q%vs.x for PGF events
20

Q®.vs.x for PGF events
25 ~ 20

& | 30
70
10| 20 10|
8 60
15 %
40
10
2 n 5 2
1 .-'.\ 1 el 2 1111y A d L 1 2lll o T
10° 10+ 10° 10?2 10" 1 e

*x_, b

DPMJet-lll Pythia
Work by Liang Zheng

13
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Matrix element for direct process Q2 involved in hard cross section

pythia
- 52 1 42 _ 202t 202t
QCDC di;l’ o §7T0'50fem€2 1 _ {9 + U - 201t & 11; :
dt 3 (8 + Q1) — il (5 + Q1)
dor, 8 o A2
—= =" =T . .
d 3 T+
16 3 1 2442 2025
PGF L = raaeme? . [1— _ﬂ le.,.)]
dt (8+ Q%) ti (8 +Q7)°
1o E )3
ﬂ = WOLOame 8Q15., ,
dt 18+ Q1)
dpmjet : N N
QCDC I 11 11 ez 8 u2 —|_ SZ
. — S - A
"M~ 3 4
. : Only Photoproduction!
, 02 + g y P
PGF O — 5O em€

T B

Discovered by Liang Zheng
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DPM-Jet

Solution;

Redo study with Pythia 6

Use Nuclear PDFs as input

Add afterburners for:
-Hadronisation effects in the nucleus.
Provided by R. Dupré and A. Accardi
-Nuclear break-up

15
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Monte Carlos simulations

There are many Monte Carlo event generators for
simulating DIS and diffraction In ep.

The only generator available for eA is DPMJet-Il|
- It only works for photo production
-It lacks many important processes, e.g. exclusive diffa

We have therefore written a new
MC event generator:

Sartre

(papers in preparation)

ucm9??!!!"lm;!!!)))))))\m

16




Probing the Nucleus at sma

At large X: large p*,
short wavelength in x’ |
iIndividual nucleons
can be resolved.

17




Probing the Nucleus at smad

At large X: large p*,
short wavelength in x’ |
iIndividual nucleons
can be resolved.

At smaller x,
coherently probe larger aree

18




Probing the Nucleus at smad

At large X: large p*,
short wavelength in x’ |
iIndividual nucleons
can be resolved.

At smaller x,
coherently probe larger aree

—1/3
| A
At x ! MR

coherently probing
— the whole nucleus.

X
>

Challenge for MC, can not just use OA x PythiaO!!

19
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Start with ep




The Dipole Model

Elastic photon-proton
scattering

/:U’ "

A7 (z,Q,A) = T (e p)

>3 [ [ Eviatr 5 @ Auler, A%l 2,Q)

f hh

Exclusive diffractive processes at HERA within the dipole picHirEowalski, L. Motyka, G. Watt, Phys. Rev. D74, 074016,
arXiv:hep-ph/0606272v2

21

Friday, February 3, 2012


http://arxiv.org/pdf/hep-ph/0606272
http://arxiv.org/pdf/hep-ph/0606272

The Dipole Model

. ~ ~ 9 - dZ %
A’Y p(.’]:, Q,A) :LL/d I'/ Z‘Phﬁ(rv 2y Q)A(I(T(ajara A)\PhB(T,Z,Q)
f hph 0 =

Use:
Optical theorem:

Agg(z, 7, A) = /d2b e 78 Aa(z,r,b) =i /dzb e 78 2[1 — §(z,r,b)].

N (z,r, D)
et N—
0.3(z,7) =ImAz(z,r, A =0) = /dzb 21 — Re S(z,r,b)]

Real Part of S-matrix:

. doge
Debne dipole cross-section: dz(i) =2N(x,1,b)
22
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Vector Meson Production

o)L

| |
Ve, ° ) 0
, -
- 2 * —i([1 —z]r+ b)-A dO-q(W
() — d b(\If \IJ)T | € BT

/ d2b
OKnown from QEDO /

23 Needs to be modeled




Vector Meson Productlo

(}-4

0.025

0.02

l]_[llS

0.01

(/2) fdz (40,

.n""' f..r'
0.005

0
o

.A7 “p—

rAnsvers }'pﬂﬂ.l‘l&ﬂ ons

solid: Boosted Ga s.sm.nlf

dashed: Gaus-LC W,

0.1
r (fm)

"P(z,Q,A)

i d°r

Ty ¥ *-‘. :‘
s 7] . ¥ 5
P oA * ;l‘ -
";,..-"r T By ¥ iy
% ."' " 1-."
% - * "
% , ;‘ '_l"' "-.."
-— . 1Y - ..' 'l |."I.
* 1 &% - W
"'“ v A w
A
Y -
\'.,‘ 3 =5 '
A L
. .
1 '] 1 L 1 58 '] I .-.E-' r (Gev--1
| | Io/lu " plu
n n J_
. . l I .

-

OKnown from QEDO

o 25
% 2.25
} 2
o 1.75
O 15
1.25

1

0.75
0.5

0.25
0

- do
d2b ARV} —i([1 —z]r+ b)-A q@
( V )T,L € d2b

/

Needs to be modeled

24
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The b-Sat Model

) E (1—2)7

= o >: V= J/$,6,p

T =2 :1 — exp ( A réos(u’)rg(z, )T (b)>:

"7 A model with multiple scattering
No gluon-gluon recombinations

25




The b-Sat Model

1—2
(l—z)f’l
'Y* r SN SA V=J/¢,¢,P

T ZF |
— &
é;:i o2~ 2m / i




The b-Sat Model

1—2
’Y*
2

27

(l—z)f'l
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Corrections to the cross-section
One can take the real part of the amplitude into accou

by multiplying the cross-sec. by a fac(1 + 5?)
. v*p—Ep
£ = tan )\z )\:filn( L )
2 0In(1/z)

The two gluons carry different momentum fractions
This is the Skewedness effect
In leading In(1/x) this effect disappears
It can be accounted for by a factog R

- 22 T(N+5/2)
T T(A+4)

These goes bad for large x~10
Implemented with exponential damping to control this.

Ry(M)




Some epresults using tables

Exclusive electroproduction of J/Y mesons at HERA 9 / df _ O 5 ]
[ 015<Q2<08 | ZEUS Collaboration 2<Q2<5 | 5<Q2<10 | X n - .
—~ 20p ~14 —~ 0.3
> - > i > i
5] - [¢5] - ) -
O 18F o | o [
g | ® Sartre gl2r S ok
s 16 ‘ s s =t
N C N i N -
o 14fF | Zeus o 1r o
St z 2 |
3 12F s | g 0.2
- 0.8 -
10 I -
oF 04 :
- L 0.1}
ar- - -
b 0.2} -
-I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII O05-||||||IIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 20 40 60 80 100 120140160180 200220240 0 20 40 60 80 100120140160 180200220240 0 20 40 60 80 100120 140160180200220 240
W (GeV) W (GeV) W (GeV)
| 10 <Q2 <100 30 < W < 220 45 < W < 160
—~0.01f —~ P
2 F 3 10F 3 1F
D.009 Q Q F
o - S B S -
2 2 [ E
9.008F g L s | ’
o C N N
$.007F S 1c%10
S s | R
0.006 107 F :
F - 2|
0.005 [ 107
10°F -
0.004 2 i
0.003F A 10° 3
: 10°F :
0.002 ; [
:I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII '4- 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII '4 1 1 1 IIIIII 1 1 1 IIIIII
0-00% 5040 60 80 100 120140160180 200220240 10 = > 10 2
10 1 2g 10 , 19 1 10 )
W (GeV) Q? (GeV?) Q° (GeV?)
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Going from epto eA

(the new stuff)




Going fromepto eA

ep:
1 daég) (z,7,b)

Re(S) =1 —-N®(z,7,b) =1

eA: Independentjcattering approximation

1-NW =] (1-N®(z,r, b b))

i=1 /
Assume the Woods-Saxon distribution
bSat: \\\\\\\\
dod | 2 = '
2ag 1 —exp ( a )

_ i S 2 A
2b 2 2NC7' Ofs(:u )CEg(ZB,/,L );Tp(b bz)

d“b




Going fromepto eA

Another difference IreA:
The Nucleus can break up
Into colour neutral fragments!

When the nucleus breaks up, the scattering is calle
Incoherent

When the nucleus stays Intact, the scattering is call
coherent

Total cross-section Fncoherent+ coherent

32
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Incoherent Scattering

Nucleus dissociates & i ): Good, Walker
Oincoherent | "I|AIf# "f |A] i complete set
fE| A e
=) VAL VFIAL# VAL VA
f
= PAIZT 1 MALHS = (A2 "AHS
The incoherent CS Is ariance of/he amplitude!
dUtotaI - 1 - |.A‘2 d! coherent L "A"‘Z

d 167 at 16"

33
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Defining the average

dototal 1 - 2 d! conherent 1 2
= — A = —  |{A
dt 167 A | dt 16" (Aol
1 qmax
DePne average: 10", # = O(£2;)
Imax J:1
Al ;) = | dr%dzb(" “ ) 2)2nrbJo([1 — 2]r#t )e A dgq@(a: r,b,! )
g A V ] 0 d2b sy [y My 9

4 four-dimensional integrations for each

_/ phase-space poiraind conbguration
NRe, Im, L, T

How many conbgurations???
34
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Convergence of sum:

%106 : Analytic average
Q L e 10 configurations
210°¢ o
= - mm 200 configurations
Elo‘é— ::: 800 configurations
103§— ....................
_ 102%—
Need ~1000 conbgurations - i |
to describe 5th minimum!! ¢ &
1e it
10‘1;—
107 02 =10'*
10°c g, 1 0.00€ dé
_IIII|IIII|IIII|IIII|IIII|III:‘I:
0 0.05 0.1 0.15 0.2 0.25 0.3
. It] (GeV?)
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Convergence of sum:

-
o
&
|

Problem with convergence
of distribution at large |[t|:
Average (coherent)
<<<<<

Variance (incoherent) .|

Or: At large [t] the nucleus Is =
probed at a smaller scale. "
A = "t Is the Fourier 1o
conjugate ob. o

d’ fdQ*dW?dt (nb/GeVG)
=] O

—h
S
~

Itl (GeV?)

36
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Convergence of sum:

Sl
s
Problem with convergence £
of distribution at large |t|: % |
Average (coherent) 2.
<<<<L<L ®
Variance (incoherent) -
Solution 10°F
Calculate the average from?s
d! ) Ta(b) . (m\"
<d2‘g‘”> =2 [1! (1! > !q'f,;>

Itl (GeV?)
An Impact parameter dipole saturation model- Kowalski, Henri & Derek Teaney Phys.Rev. D68 (2003) 114005 . hep-ph/0304189

37
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http://inspirehep.net/record/617325?ln=en
http://inspirehep.net/record/617325?ln=en
http://inspirehep.net/author/Kowalski%2C%20Henri?recid=617325&ln=en
http://inspirehep.net/author/Kowalski%2C%20Henri?recid=617325&ln=en

eV %)
B@

nb/G
BU‘I

(

do/dt
Q

—— Analytic average
----------------- 10 configurations
—mem 200 configurations

--------- 800 configurations

.................
““““““
LN

Il
0

|

st
ot

II|IIII|IIII"i

o

0.05 0.1 0.15 0.2

0.25

0.3 0.02 0.04 0.06 0.08 0.1

t| (Gev?)
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100 configurations
200 configurations

300 configurations

400 configurations

500 configurations

A
A
Al
-~
~
-
-~
‘»
II|III|III|III|III|III|III|IIII
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bNonSat

Linearize the dipole cross-section, use the Prst term In
the expansion

do é? (s 2

Al 2 2
2y~ N, cew)zgle, p)TO)

da(g?) 2 A

_ 2 2 2
2p N_(;T o (p”)zg(z, p );T(‘b — b;|)

do'¥ T2 o o o
ot e T as(p)zg(z, p”) AT a(b)
(2

39




Vector meson wave overlaps

Transversely polarised J/y mesons

0.025

e

0015

W)

(r/2) [dz (\I’;

0.01

0.005

ll"

solid: Boosted Gaussian W,
dashed: Gaus-LC W,

N

0.01

0.008

0.006

0.004

0.002

bNonSat

Transversely polarised p mesons

lilil

solid: Boosted Gaussian ¥
dashed: Gaus-LC ‘l’v

Labels are Q2 values in Ge\/2

do,/db

40

Dipole cross-section

2.5
2.25
2
1.75
1.5
1.25
1
0.75
0.5
0.25
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Generating events




How Sartre works

4 four-dimensional integrations for each

phase-space poiand conbguration
~1600 4D integrals/point

Use 3D lookup tables i), W2 ¢t independent of s
use the Open Science Grid to produce the tables.

Four tables to create a cross-section point:
(M2 ) [CAD)] L (AL ), (A

dQQdWth = f%“AT‘ >+ fZ<‘AL‘ >
Transverse If: Breakup if:
fr(lATl) AT # A7)

>R

>R

fr(1Azl)+ T (IALL) A"

42




How Sartre works

Table Generator

User Settings
(s, A, table range, beam, ...)

Nucleus Model

pd

Dipole Model

Numerics

. =
PO
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How Sartre works

Table Generator

User Settings

(s, A, table range,

beam, ...)

Nucleus Model

pd

Dipole Model

Numerics

. .

-

Tables for:

\(T), (T?), (L), (L?) vv 3D: t, Q2%, W?

Event Generator

User Settings

(A, kinematic range, beam, # of

events, dipole model, ...)

Cross-Section Calculation

)

l

d3o/dt dQ? dW?

l

PDF —

UNU.RAN
3D Random
Generator

t, Q%, W

e

l

Final State Generator

=)

p
Event

Record
\

o

)
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Some €A generated results

1M events, 5 GeV x 100 GeV
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LHeC modelling

aA A J/MA
b=Sot
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@) i t=0, =0 > | —nosat
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f g S | ——proton
o i < [ — Calcium
< 2 N 2000
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H. Kowalski
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LHeC modelling
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Some €A generated results

1M events, 5 GeV x 100 GeV
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Some €A generated results

1M events, 5 GeV x 100 GeV
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Outlook

Sartre can also be extended to the general diffractiv
Process:
e+ A—e+ X+ AY

Have ideas and developed plans to create nuclear u
and use as input for the CCFM evolution in CASCA
for non-diffractiveeA studies (collaboration with H. Jun

Earlier comparison with data: nuclear UPC at RHIC
First comparisons look very promising
AU+ AU — AU +! + AU

49
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Summary

It will be very important for the EIC to measure
diffraction.
To design the interaction region in the detectors MC
event generator simulations are essential.
We have developed a method to calculate exclusiv
diffractive vector meson production and DVCSaf
collisions.
It has been implemented in a Monte Carlo event
generator called Sartre.
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BACKUP
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Final notes:

Monte Carlo Integration Importance sampling
The Generic Event Generator Obtaining Suitable Random Distributions

Matrix Element Generation Predicting an Observable

The First Commandment of Event Generation

= —_— TN W H R~ — M e

Event Generators | 13 Leif L6nnblad Lund University
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Final notes:

WeOve had (and still have) a plethora of technica
and numerical problems:

Real and skewedness corrections can be tweaked
better describe the cross-sections

) / 1112 /
1 4 R4 / 1 I+ : /
i /LJ 1 // / /
/ /
/real amplitude 7~
/ | i d
/ £ / / 1L Ug
kewed | amplitudg 3 / Ve ~
/ c / /
/ /
= /
/ ° / r
/ 3/
/ g /
/ g / skewed
/ "/
» /
% 7
// /
/1
L ]
—— [ —
|
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Final notes:

WeOve had (and still have) a plethora of technica
and numerical problems:

Linear interpolation -> a bias to small values,
switched to a polynomial interpolation, need to adju
the parameters thoroughly:.

histoL
istoL Entries 1
Entries 1000 [10° :;‘;“ g:::'
Mean 0.002214 Underfiow
10° 3 | St':dsemw 0'00752; J. Overflow
Overflow 0 Integral 1
. lﬂbﬂrﬂl 1000 2 .
3 Linear | 1wt Polynomial
10°E
o[ (true-interpolation)/true
1 E
03 006 S0N6 BBt 050982 0PM; 008 BSd DA 01000 0.06 001002 0 002 004 006 006 —o.1
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Final notes:

WeOve had (and still have) a plethora of technica
and numerical problems:

Using UNU.RAN to generate events from the
distribution. This has to be set-up with the maximu
value in the distribution. ItOs been a lot of cooking a

trial and error to Pnd a reliable method for this.

,ff;ff“s‘.-':? :
'same as on right |
- butzoomed in - Q2 =Q2min = 0.001
4

-0.2 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 t 0.2 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02
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Final notes:

WeOve had (and still have) a plethora of technica

and numerical problems:
Spikes In the distribution!!

Each phase-space point is th
— result of 1600 4d integrals.
In a few % of the points, ther
IS a spike.
This will ruin the MC-
generation, unless controlled!

[EEN
o
o
TTIT

dofdt (nb/GeV %)
o

[EEN
o
) w
TTTIT TTTT

[EY
BN
= o R
IIJ T |||||||-| T ||||||||
v
!
H
Hi
]
N
i
">
/)
|
|
|
I
I
i
!
1

=

Q
=

Ill

[EEN

<
N

il

[EEN

Q
w

IIL

T Problem pxed!

t| (Gev?)
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Generating a Nucleus
Generate radil according to the Woods-Saxon

distribution
| d3 N
| p— 0 =
" (r) 1+ er!OIRO /O(T) dgr
_ . dN ,
First generate according to rs =4 o(r)

Then generate angular distributions
uniform inl  andcos()

This 1s done with a condition that two nucleons can n
be within a core distance of ~0.8fm.
If they are: regenerate angles (not radius!)
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Generating a Nucleus

----------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------

0.18 _; ;::.,:.:,.-' | -'i T YRR UUURURURURSRSRRSY A
0.16—;:':.-' { Rt R ... e
0.1 4_;? <~ £ AR Wk '/ZiN \IEe . ....a& ...
0J2?§, . v | O o
0_1_:?;;'":.-';,: T S 2% ,_ 9 e
0.08-// » ' —
0.067;
0.04-/
0.02

06"'5-.-)‘...“'&

| t]
Lead 208 in the r-phi plane, each nuclre[or?l IS

supplemented with a Gaussan width (bSat).
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The ten commandments of
event generation:

|. Thou shalt never believe 6. Thou shalt always be

event generation is easy independent of Lorentz frame
2. Thou shalt always cover the /.Thou shalt always conserve
whole of phase space energy and momentum

3. Thou shalt never assume 8. Thou shalt always resum
that a jet is a parton or a jet when NLO corrections are
4.Thou shalt never double- large

count emissions 9. Thou shalt not be afraid of
5. Thou shalt always parameters

remember that an NLO |0. Thou shalt only have nine
generator does not always commandments of event
produce NLO results generation

- By Leif LSnnblac
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How Sartre works

Control Parameters and Settings

Control Parameters and Settings

H of bins

Range of t, x Q?

dipole model
wave function

vector meson type

A

1
debnes

deDnes

Table Genenerator

N

dipole model
Ebeam anq Pbeam Range of t, x Q2 |wave function A
energies vector meson type
defines defines
\u / debPnes
Kinematically
Allowed Region
N\
uses
N 7
ie)
PDF:
Event Generator / dit dO* dW'?
uses <
t /
W2 |€ generates —— /
Q2
| Final State |___ generates —» 4-Momenta of
Generator e,p, Vy*
I
generates use

!

4-Momenta of nucleus
decay products
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Wave Overlap
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