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0 Introduction (past results)

e Analytical Formulaes for the production of two fermion pairs, two scalar pairs or mixted fermion
and scalar pairs

e Very low angle Monte Carlo and application at PLC, ILC/FCC-ee and LHC

° Summary-Outlook
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Two fermions pair production (yy — /ILL) : a bit of history (starting in

~ 1970) and motivation for PLC, ILC/FCC and LHC.
e Pseudo Pair Configurations

(peripheral diagrams) e Factorisation Formulas
?I.giéi)ssler and C. Carimalo thesis
y > Provide also powerful tools to
.- r calculate Helicity Amplitudes (Use
, ' of Helicity Coupling, - --)
oot e Motivation Today
-Reference process for luminosity
e Total cross section computation measurement at PLC
Two identical lepton pair production at - Can be a noise for low angle
infinite energy in ~~ center of mass : detector at ILC/FCC
L.N. Lipatov et al (1969),- - - - Can be a background source to
Two identical pion pair production : rare processes
Chen et al. (1970) = Only a realistic Monte-Carlo
e Total and differential cross section. can give a correct answer (at low
Different pairs produced - main and high angle).
logarithmic approximation- gamma = have analytical formulas to test
polarisation : V. G. Serbo et al. (1970 the validity of the Monte Carlo on
-1985-1998 - - - -) some distributions
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Our goal :

obtain analytical formulas without mass approximation in

order to have the accuracy of old formulas

We use the Factorisation Formula : including all diagrams where the

exchanged photon is space-like : Cf Kessler, Carimalo, - - - (v group of

College de France)

/Umax /umax /[max Ao d ‘ |
o= u du’ dt Four Leptons Production in y y- Space-Like Diagrams Study
Unnin tmn,  dtdudu’ E
__w ((1+ ct?o) )
dtdudu’ T 8m8s22 oToT T
+Sh29(07-0,/_ +o0h) + ChZOULU/L) T
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3-—pB*+212/12 g E
+ %/L ® 1000,
2 2 ui e e e
e A YA 16ma” Bt 1 1-3 L 10 107 10°
=—0F|1- ,[Gev]
oL (u+ 12 23 VSitce
@ Blue line : Factorization Formula without
g=1]1- 4m? cuts
: :E u @ Pink line : Factorization Formula with cuts
= m,‘ L:In(1+ﬂ) on muons . .
1-8 @ Other results explain later in talk
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Analytic formula for two fermion Pair production in v+ at infinite energy

We obtain finally (green line in the right figure) :

N T
where Poly(u) = Poly(1/u) = N3 (u) — Ag(—u), An(z /

cf PLB B718-2012-577
When the two masses are very different

Z |nh— 1 Itl

dt (Kummer function)

(m > m'), we obtain : J
2804 103 485
- In2(u2) — 02 T A e By
7= 7P ( (@)= 5y @)+ 55 F—

in agreement with Serbo et al. computation. so00;
eeup Serbo et al production agrees with the exact
expression within a relative accuracy of 10~5.

mass Approx - S, Infnte.

Light Gone Approx

When masses are equal (m = m'’) we get :

4

[e% 175

o= o (@ - 33) -

in agreement also with the well-known formula for 0 \,?[Gew o e

10
identical pair production.
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Analytic formulae for vy — 77~ I*/~ cross section at Infinite Energy

Using the same method : for charged pions depicted as scalar point-like
particles in QED we obtain (v = 7*) (as to compare
to finite size model including a "M. POPPE" pion form factor ) :

i {2 <% +5u> In (u) + (% - 5u> (2+ In2 (u)) + (5;' +27 - 219> Poly(u)

B 72Tm;my

|

When the two masses are very different ——
(m; > me), we obtain :

TS o)
Factorization

in agreement with Serbo et al. computation. on
rmtr—ete” (mt7— putpu—)Serbo et al production, agrees
with the exact expression within a relative accuracy of 5108
(91072).

If we make m, ~ m, and m, < m, we get :

Tt (5C(3) +2) [, | 62-7¢(3) .
367 me {1 t76c@ +2) (1 B mi)] :

252a4 2 mT> o 20 n mT) o 247
@ 22 — —
243m?2 21 My 126

02 .
T 0w @ Y
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Analytic formulae for vy — 7+t7~ Kt K~ cross section at Infinite Energy

In QED scalar approximation, we obtain also

2 (uf %) In(u) + (16 4k u) (2+|n2(u)) 4 (g = % <1E = u>2> Poly(u)]

where Poly(u) = Poly(1/u) (already defined), and u= % r
K pb)

_ 504
T 144mmrmy

If masses are equal (i.e. put mx — m,) we get :

ot

Born
O wrntn = Tagez 763 +10)

in agreement with H. Cheng and T. T. Wu

i
A\

Ifwe putu=" < 1 we get

3604 7 77
=~ 24372 {m () —gh+ 36]

4
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Inclusive cross section in v+ collisions at infinite energy :ntr~ KTK—,

rtr-ete ,nta ptu”

Using the impact factor method the energy distribution of particles moving
along the momentum of one photon is given by E.A. Kuraev, A. Schiller and V.
doa 40t Serbo

oo G.
f( X, x ) f (6, X, x}) dt
0

axy dx’, oo After integration without any mass
xex_ p (X) (scalan) approximation we have for scalars and leptons
—_— scalar
X, X)) =4 ey’ =
( +) { 75)(?)(7 Fs(X) + % In % (lepton)
do2V—StsTs s
_ 1 1 1+ X -2 —18xyx_x.x_
FS(X)7—1+§(X+ ?) Inﬁ dx,ax, +
A/'y—)S‘ S—§'ts'—
where x4, is the incoming photon energy xa
fracti i h . . icle. A
raction carried by t e Pos (neg.) particle dol"™ P St S
\ - axy
40 16, 163

~

- 2
9mrmz

xix_ |2 — —Inu? + —
+ 3 + 18
(u= ’%er < 1), in agreement with Serbo et al.

computation.
for example : 77w~ et e~ (eeupu) Serbo et al production agrees with the exact expression with a
relative accuracy lower than 5 106 (2 105) | .
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Provide a "Pseudo pair" Monte-Carlo Generator for vy — 4 particles

e Very low angle Space Phase : taken by the quasi-real lepton /, a = ki I,
Perform a special 4 particles space phase for b= kil- and ky = /S,
generating particles at very low angle. e Second method : no
e Helicity Amplitude Computation : approximation (take time). (red
First method : Impact Factor triangles in the figure) in perfect
approximation (very fast). agreement with the numerical integration
Gives us the dominant term at low angle and high of the factorization formulae (blue and pink
energy (black points in the figure) . (invariant mass cut)) lines.
‘M|2 ~ L++R77 ‘ Four Leptons Production in y y- Space-Like Diagrams Study |
Ly =4K2 | {(1 =R) Py (x) + 1 T} s
g
&
+2 (x(1fx)+x(1fx))72— v
ab ‘@ 3000
Wk
2mPx | X2+ (1 - X)2 T 2000
Py (x) = + =
’ a2 4 % 1000i
where Pj,, (x) is the lepton spectrum distribution, F
Iy,l_,T, are the lepton light cone variables, o- e o o
x=1- ,’({ is the fraction of the photon energy Vs 1Gen
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Study mechanisms of pion pair production at ILC in vy — wtax— [t~
Lepton pair of vy — mt7~ete~ (u* ™) processes can be used for tagging pion pair
Cross Section Computation :

[ee et en et e]

Zmax Zmax dy 22 7

o= a zz/zéix & tsete ) :
e E i

X o7 A (Z /S _>7 y = Y k
ete Ebeam ‘o

'T

e Potential background for detectors 2

at very low angle never taken into ; e - ‘

account (Need more studies with Wsste=n

our Monte Carlo) _ [Feosearmpty |
e Strong dependence of the visible

cross section with angular and

energy cuts applied

o oltC  ~0.1—10 fb (black square in the
right figure)

@ Ngyt ~ 102 —10%if L(JLC) =1 ab~!

@ Need realistic simulation for bgk rejection
(pion decay in flight background to
yy =t ptuT )
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Study mechanisms of pion pair production at ILC in vy — wta= [T/~

e Pseudorapidity Distribution (n)

Figure (right-top) :
@ Pion : |nvax.| ~ 4, but can be seen in FTD/VTX (blue line)
@ Electron [nvax.| ~ 6.5, mostly in bean pipe but can be

seen in FTD/VTX (red line)
Figure (right-midle) :
@ Muon : |nvax.| = 4, but can be seen in FTD/VTX(red line)
Figure (right-bottom) :

@ vy — w7~ (blue line)ul (blue line), photon exchanged
beetween 7t~ pair and ul pair. Products of u
fragmentation (green line)

TPC
’25/‘;4 ~{ 30cm
SIT FTD ‘ ‘ 20cm
VTX e 10cm
E= |
50cm 100cm 150cm

Vertex Detector (VTX) —1.9 <7 $1.9
Forward Tracker (FTD) -3 <n <3

= Many particles are produced in the beam pipe, but a
significant fraction can be seen at low angle.

25007

20001~

1500

Number of Events

Yy on e e (atiLC)
— pion

—— electron
I I I

ED

5 0 5
Pseudorapidity

Entres 11118

0.002003

os 42812

0.02465

£
3
5 8o =
£ sl B
H
2
a0 Y77 W @tIc) =
e — Pion E
—— Muon
I
A5 A0 = 0 5 10 5
Pseudorapidity.
Pseudorapidity
Entr
T
RMS
500— L -
2400 " 7o runi
H gmentation Products|
&
B30 E
g / \
2

Pseudorapidity

UPC LHC 2014

11/16



Study mechanisms of pion pair production at LHC in vy — #tn— [T/~

[pp —(pp)n" m e e |

e Cross Section Computation : T T
Zmax Zmax dy 22 jf
O':/ (1222\/22 ff.},/p(y)f.y/p(*) ®
Zmin Zmax y Y E
o It (Wyv) ?

£ 1p(Vs %) = £ e /p(¥) + £ ineny /0,02 (¥)

y= EEV and @2 is the resolution scale at which the
beam

proton is probed. [pp > (R wyt |
e Photon content of proton used :

-elastic contribution (Bernd A. Kniehl)

-inelastic comtribution (M. Gliick et al),
o Few events but clear signature

obHC  ~ 0.1 — 1 fb (depending strongly on CUTS)

if L(LLHC) = 100 fb~! — Ney ~ 10 — 100

(need realistic simulation for bgk rejection = conclusion) i
e Use Roman pot to tag proton(s) ? o oo L

10? \'éfi[GeV] 10*

0]
\F{i [GeV]

o(p p > (pp)7" ™ p* w) [pb]
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Study mechanisms of vg — 77~ QQ production in LHC

e Photon exchanged beetween scalar pion pair _ w: ///
and (heavy) quark pair 2 1w _—
Use only Born approximation (very crude approximation) & "1’;//
e PDF : = 10"2*
Gluon content of the proton used : CTEQ6 a 0 oo
Photon content of the proton used : elastic (Bernd A. 1 107
Kniehl) and inelastic (M. Gliick et al). gwe mm——
e Pion pair and QQ pair inside detector whko e o
LHC :yg— nT =~ ul 102 \%‘:’:[Gew W
O \isiblo ~ 100 fb — 1000 fb _
GHHC = 7T gy — 10 b nf = ]
@ Need realistic LHC estimation of background (simulation, % w: T
pile-up ,- - - ) to see if we can extract the signal 5 s
@ Remember : pseudo pair configuration can give some . "’j-
“strange” events_ o
pion pair and QQ are back to back in yg center of mass 1 4 oo oo
and are produced at low angle = After boost some pion 2 1
pair are not visible and QQ pair is visible from one side of ® 1°¢ e S ——
the detector = strange events ¥

- "
\c?_f*, [GeV]
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Heavy lon Collisions : two muon pair production in vy — ™ p~pu*p™

e Cross Section Computation :

cf:/dw1dw2L77 (W1,LU2)0'77 (LU1,(.«)2)

Ly (rwe) = [ 6rn(nby) [ d®be n(us.ba)@ ([B — Bo| - (i + Re))
1 2

e Photon content of ion (cf G. Baur, J. Nystrand

et al): Mph Wph 5 Wph Wph 1ty
-©(..) = No frontal Collission 3
- Rt = RGUl = 0 = pair production inside ion allowed,

- (i), i) =Z8

2,2 2 2
|l n 0 F (—452) L2 [ u=wb/(y),
available if w < wmax. ~ % ~ 100 GeV for F(Q?) we use
the simple monopole form factor with A = 80 MeV

o (Two) few visible events but clear signature

- B oe e e
5 LA
T T T Ty s

i
%

"
2

Factorisation Formulae : No cut

Faclorisation Formulae : W,, , > 1 GeV

o(PbPb - Pb Pb u* p p* w) [ph]
=
5

4 102 M Light Gone Appro.: No G
-at /Syv =5.5TeV :>0':1-y(;z' B ~q2 ub 102F MG Two pairs by 1< 21, P >1. GeV (CHS)
- OVisible = 100 pb : |f onIy one muon pair detected in 10,3% MC: One pair: 4 <n__ <-25,PL, > 05 GeV (Alce)
Alice very forward region and Pt > 0.5 GeV 104k ‘\1\1)2 : 1%3 2(\)4
- ovisible =~ 40 pb : if two muon pairs detected in \'syulGev]

CMS/ATLAS barrel region and Pr > 1 GeV

UPC LHC 2014 14/16



Heavy lon Collisions : one muon pair and heavy quark pair production
inyy — utp—cc (bb)

e Heavy quark treatment :
Use only Born Term approximation (very crude
approximation)

e Photon content of ion (cf G. Baur, J.
Nystrand et al):
-©(..) = No frontal Collission
- RCUl: = RGU = R, = No pair production
inside ion allowed,
- n (wi2), bi(z)) : for F(Q?) we use the simple
monopole form factor with A = 80 MeV

e (Two) few visible events but clear
signature
-at
V/Snn = 5.5 TeV =07 721290 ., 40 (0.05) nb

- avisible < 0.1 b : very Iow if only muon € Alice

very region (or Barrel) and heavy quark detected
in Barrel
- ovisible =~ 91(0.7) pb : if one muon pair and one
heavy quark pair detected in CMS/ATLAS barrel
region Pr > 1 GeV

e

v (cMs)

] 2 iRy <3l

10° 1(\ ~[Gev] 10‘
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e The Monte-carlo for Pseudo Pair production at very low angle is
ready (fully integrated in ROOT software).

e We provide analytical formulas without mass approximation for the
total and inclusive cross section of several the processes
vy — mtr~ + 2leptons , vy — QQ + 2 leptons ,
vy = ataTKTK=, .

e We have to include realistic photon flux induced by proton and
heavy ions

e Outlook

» Need to continue the study of each process if we want the error
on the number of events computed (validity range of Born
approximation, contributions of other process with same final
state, - --)

o Include “realistic ILC and FCC photon fluxes” and simulate

theses events at ILC and at FCC
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