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Machine backgrounds in a e'e collider
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Research activities: overview

Ty e ~rnm eSO R S e e e o

s+ BaBar (since 1/2006)
> Charmless three-body B decays (2006 - 2008): B° - K° 't (thesis, LPNHE)

> Radiative penguins (since 7/2009): B - X y (post-docs at LAL and INFN-Pisa) (Ongoing)

CKM matrix phenomenology group (CKMfitter) (2008, thesis LPNHE)
> CKM phenomenology with B - Krot modes

L

s SuperB-LAL group (Post-doc, 2009-2010)
> SuperB Detector parametric simulation (fast-sim): Semi-leptonic recoil package manager
> Detector Layout Optimization: Physics potential of B - K*vyv/B* - I*(T,u,e)v modes

SuperB-INFN Pisa group (1st INFN Post-doc, 2010-2012)
> SuperB detector Geant4 simulation: Machine Detector Interface and final focus model
> Coordinator of Geant4 simulation production and analysis: Machine background studies
> Fast-sim background mixing framework: mixing of physics event with machine background
> Physics task force: SuperB physics reach and comparison with other experiments

L

L

INFN Pisa (2nd INFN Post-doc, Since Sep. 2012)

> Since the latest news about cancellation of SuperB the group is moving on to Belle-ll

> SLIMS collaboration: test of very low material silicon detectors for tracking applications
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Outline
s Introduction
* Hadron vs e+e- colliders (1 slide)
* A low-energy/high-intensity e+e- collider: Super-KEKB and Belle-Il
* A high-energy/low-intensity e+e- collider: ILC

s Machine induced backgrounds
s Bruno: a machine backgrounds simulation tool
e The tools
* Types of machine backgrounds:
Rad-bhabha, 2-photon, Touschek and beam-gas
* An application example: rates induced on the SuperB detector

s  Summary and outlook
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Introduction

Alejandro Pérez, I[PHC seminar - April. 5th 2013



Hadron vs e+e- colliders (1)

Hadron colliders e*e - colliders
s Proton-proton collisions are more s Excellent for precision physics!!
complex  e'e are point-like particles, no
* More complex interactions due to substructure [0 clean events

proton substructure « Complete annihilation, centre-of-

* Only part of the pp centre-of-mass mass system, kinematics fixed
energy available in the hard

scattering process

e
l“‘l.
i

- [
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Hadron vs e+e- colliders (l)

sersre g e R S e e e =

Energy loss due to synchrotron radiation

| . P — 2¢e { E\°

- Radiated power: = TRy hna
q 4
* Energy loss per turn: > _AF & e B
3R \me?
« Ratio of energy loss between . ﬁE(E) _ [Ty i ~ 1p¥
protons and electrons: AF(p) e
Hadron colliders e*e  colliders

s Relatively small energy loss in circular s Significant energy loss in circular rings

rings s Need significant acceleration gradient
s Need high bending magnetic fields for in linear accelerators (ILC design
high energies (8.3T in LHC magnets) ~40MV/m)
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Flavour physics and New Physics searches

............ e R v e

s Direct new physics (NP) searches up to 1TeV scale are possible at LHC
(ATLAS and CMS)

s  Complementary approach (high energies - high statistics): precision
measurements on the flavour sector of the Standard Model (SM)
* NP can reveal themselves via virtual effects in decays of SM particles (B and D)

« The smallness of the effect depends on the NP energy scale [ sufficiently precise
measurements can allow to extend the NP searches beyond 1TeV

s BaBar, Belle, Tevatron: defined current

1.5IIIIIIIIIIIIII[IIII|II]I]III[

flavour physics landscape encuced aren | Cicmter Group (0, Gharles et al)
. . . Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184]
* Substantially confirm CKM picture

1.0

_ N 3 Amy & Am, _:
* No evidence on NP - -
- sin2p .
 Placed constraints (indirect) on NP that 05 |- -]
wont be superseded well into the LHC era 5 .
(e.g. H" searches) = o0 A
s New generation of B-factories (Belle-ll ) :
and LHCDb) results will be used to e pi
constrain the flavour dynamics at : . -
) ok . -
hlgh energy 0 C % Maskawa and Kobayashi sz: ]
[ et Nobel price 2008 tCL=095)
I 1 1 1 | 1 | S S S S S — S S — S S — | L ]

-1-?1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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Belle-ll: Iow-EIhlgh-mtensuy e+e- collider

s g e R S e e e =

Belle II is expected to start taking data in 2016, and 1st full run expected to be
completed one year later: SuperKEKB
s |ncrease the luminosity by 40 times based on

“Nono-beam” scheme proposed for SuperB
by P. Raimondi e-

0X~10um,oy~60nm

5mm

s Y(4S) - peak asymmetric energy e'e” Super Flavour Factory et
s Detector: moderately improved Belle detector

s Accelerator: ~40xB-factories luminosity. Same power by squeezing beams (ILC)
s L =7.0x10* cm™s™* around the Y (4S)

* Y(4S): coherent B mesons & time-dep. measurements, charm hadrons, tau
leptons

« Emphasis: new physics sensitivity competitive and complementary with LHC
experiments

* Don’t forget: e'e” clean data for precision measurements in almost every energy-
accessible topic (with neutrals or missing momentum)
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a4
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a4

A high-energyllow-intensity e+e- collider

[ T e O RO = L L e .

With the Higgs-like particle discovery
* We now have to face the missing dark matter in the SM
« Compelling reasons for the next step

A new era of particle physics has begun [1 ILC is designed to lead the new era
ILC in a nutshell:

500 GeV CM with 31 Km [0 upgrade later to ~1TeV CM with 50 Km

e Beam size at IP: 6 nm x 500 nm x 300 um

e Luminosity ~2x10* cm?s™

* ~90% (30-60%) electron (positron) polarization

* Precision measurements of SM
and of possibly NP particles found “ﬁ;’;?j‘fﬁ R

i, Ll h{ﬂ"iﬂ tinﬁc

at LHC TR

Pasitron beaim

electran

A AR

et e
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Machine induced
backgrounds
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General remarks on machine backgrounds

............ e R v e

s Machine background considerations influence several aspects of the design
* Readout segmentation
« Electronic shaping time
« Data transmission rate
« Triggering
« Radiation hardness
s Estimating machine induced backgrounds is strongly influenced by the
imagination of the physicist
« Use intuition/experience to come-out with a list of possible background
sources

- The effectiveness of a given process depends on the production rate and the
efficiency to produce hit in the apparatus

* Need to define a way to generate the processes with the right kinematics [
primaries generation
- Use all available generators on the market which are truth wordy

 Then need to simulate the propagation and interaction of this primaries
through the different elements of the experimental set-up
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The Tools: primaries propagation

............ e R v e

s+ A Geant4 based program (code name Bruno, from Bruno Touschek)
was created to:

* The transport of charged particles in the magnetic field of the final focus by
numerical integration of the equation of motion

* The magnetic field of the final focus is specified as a set of cylindrical regions
in which the user prescribes dipolar and quadrupolar components of the field

* The passage of particles through mater (machine elements)
* The effects of secondaries in the detector (energy release, doses)
e At present Bruno is not able to reconstruct the event

« Each subsystem perform a post processing that “digitize” the energy releases:
rates evaluation, impact on detector performances, physics reach
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The SuperB Detector
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The SuperB Detector

SVT: provide precise tracking

and vertex reconstruction,
Carbon-fiber endpiece

Kevlarfcarbon-fiber support rib

\‘ le:D I A

BaBar Silicon Vertex Tracker

Sidetector

[N

crucial for time-dependent

Nes

=1

I

=1

measurements and stand-alone

tracking for low p particles

P LR
LU Ty

it Carbon fiber Upilex fanouts
k. Slpport cone Hybridfreadout |Cs
. " e < .
old beam pipe mgﬁg mr new beam pipe
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Based on BABAR SVT: 5 layers silicon Physics performance and background levels
strip modules + Layer0O at small radius to _ set stringent requirements on LayerO0:
improve vertex resolution and - R ~1.5cm, material budget < 1% X_
CEMPEMEELE tth Ieduced SuperB boost [ . it resolution 10-15pm in both coordinates
-~ oo
7 “I |“HHHH =——— ¢« Track rate > 3.6 MHz/cm2 (large cluster too),
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The SuperB Detector

DCH: Large volume gas tracking SR T oy, g I
(He:lso 80:20) for SuperB providing

measurements of charged particle 1
momentum and dE/dx used for particle ID E

(currently studylng cluster counting for ID)

22277 .
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0 [ fitin
iy R e N s
Design: == TN

* About 40 layers of centimetre-sized cells
strung approximately parallel to the beam line

* Subset of layers at small stereo angle to
provide measurements along z

« Lighter and faster read-out

e—rree——r
L
= |
| |
[ ] \‘ FH”‘H B | |’-*ﬁ1_°|“ F . LWR IFR BELT
}? ¥ Z A g el o ‘q. L i _.i al E"u.h".?.-i."‘\.'-‘_.";-'l." W R ,i,-g A = ITEENLES R




The SuperB Detector

FDIRC: Cherenkov angle measurement for g

L

2 ~11,000
relativistic particles. Main PID detector for S EMTS
the SuperB barrel with K/1t separation up to Sl

& \
3-4GeV/c. Performance close to that of P Eighth \
A atcher \ 1\
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Complete redesign of the photo-camera -- Photons

e 25 x smaller volume

e 10 X better time resolution

« Optical design based entirely on
fused-silica glass
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The SuperB Detector

Fwd PID: the goal was to improve PID in
the forward region.
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Limited space available

Any additional detector should have a

small XO

Gain limited by the small angular coverage
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The SuperB Detector

EMC: Essential detector to measure energy
and direction of y and e, discriminate
between e/m, and detect neutral hadrons
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Design barrel EMC:
e CsI(Ti) crystals with PiN diode readout
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*  Whole new electronics
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The SuperB Detector

EMC: Essential detector to measure energy
and direction of y and e, discriminate
between e/m, and detect neutral hadrons
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The SuperB Detector

EMC: Essential detector to measure energy
and direction of y and e, discriminate
between e/m, and detect neutral hadrons
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The SuperB Detector

REVDR2T

Reuse of the BABAR Superconducting
Solenoid: 1.5 Tesla field used for momentum
measurements of tracking particles
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The SuperB Detector

IFR: provides discrimination between p/Tt -

Help detection and direction measurement }:‘
of K _(together with EMC)
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Design:

* Planned to built in the magnet flux return
reusing BABAR iron structure with some
modification

* Replace LSTs with scintillator + WLS fiber +
SIiPM

« Studied different readout options
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Bruno: Detector Model
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Alejandro Pérez,

Bruno: Detector Model
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Bruno: Machine material

[

oo

s+ Detailed model of the beam pipe sizes, cryostat and cold mass

s+ 3cm thick tungsten shield is put around the cryostat to protect the
detectors from radiative Bhabha, Touschek and Beam-gas

Final focus
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Bruno: Machine material

PR R S e e e =

s+ Detailed model of the beam pipe sizes, cryostat and cold mass

s+ 3cm thick tungsten shield is put around the cryostat to protect the
detectors from radiative Bhabha, Touschek and Beam-gas

Final focus

— Pipes

e UNO Model | ghields

1000 |— —— Cryostat

B — Magnets
50{:';— tl QI I:'::_'] Iﬁ _;
e [ =\ /= I
E o S e T .
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Bruno: Machine material

e R R S e e e =

s Detailed model of the beam pipe sizes, cryostat and cold mass

s+ 3cm thick tungsten shield is put around the cryostat to protect the
detectors from radiative Bhabha, Touschek and Beam-gas

Final focus — Pipes
| I I 1 I I 1 T IBrll'lr‘IO IMoldleI T I - Shields
200 — Cryostat
Magnets
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Bruno: Machine material

> N

Horseshoe

Bending magnets
(straight cylinders
made of IRON)
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Bruno: heam-line magnetic model

------- g e R R e R A

4 Magnetlc model dlrectly extracted from Accelerator group simulation
s Features:
* Dipoles and Quadrupoles are perfect (no higher order components)

* Fields modelled only inside cylinders, zero elsewhere (no fringing
effects)

LER: 3(X) downstream

B(X) [mm]

, ; HER: 3(X) downstream
><‘IIQI T T TTT T TTT T T TT T 1T T 1T T TTT T T TT T TTT T T X10
3001:_ I | | | | | | | | | _: 500 — [ | | I | | | | I |
250 - a00[ ]
200 —— [ ]
- 1 E300— -
- 1E L ]
150 = 1z [ 3
- 1 =200 / ]
100 — - N
- § N . Bruno ]
50 3 100 —— MAD input | —
F | 111 | | 1111 | L1 1 | | 111 | | I 11 1 | L1 1 | | | : 0_ 1 |.| 1 | L1 11 _l
256645004000 3500 3000 2500 30001500 1000 =500 5001000 1500 200025003000 35004000 4500 5000
Z [mm] Z [mm]
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Bruno: heam-line magnetic model

------- g e R R e R A

4 Magnetlc model dlrectly extracted from Accelerator group simulation
s Features:
* Dipoles and Quadrupoles are perfect (no higher order components)

* Fields modelled only inside cylinders, zero elsewhere (no fringing
effects)

LER: 3(Y) downstream HER: 3(Y) downstream

10° 3
XI T | rrrT | T | rrrT | rrrT | rrTT | T | rrrT | T | rT 1 1400 ><I1I0I T | T 1T | T T | T 1T | T 1T | T TTT | T TT | T TT | T T 1T | T TTT
1600 — — - _
- 3 1200 ] -
1400 - - . .
- . - ;fx = Bruno .
1200~ 1000 ¢ \ — MAD input .
- | — L / -
Elooor- 2 3 Faol T -
£800E T 3 Seoof | .
Q. C [ - n
600 Y C ]
= ] 400 o —
400 X—_ - / .
- 3 200{/ -
200— - —/ -
FI 1 11 | 1111 | 1 111 | 1111 | L 111 | 1 111 | L 111 | L 111 | 1 111 | 1 1 I% 0#| 1| | 1111 | 111 | | 11 11| | L1 11| | L 11| | 1111 | I | [ | | 11 IT
B000 ~4500 4000 -3500 -3000 -2500 -2000 -1500 1000 -500 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Z [mm] Z [mm]
Alejandro Perez, IPHC seminar - April. bth 2013 31



The machine backgrounds

------- g e R S e R e

s Backgrounds sources give rise to primary particles that can either
hit the detector directly, or generate secondary debris that enter the
apparatus

Cross sections for t-channel processes are largely independent of s

s Types of background: S &

e Luminosity scaling \fh E ?f} b
- o ~ 50 nb - T -
By

- Radiative Bhabha (beam stahlung) gl P 0~ 0(10"nb)

- Pair production (2-photon) R T
 Intensity scaling £ 0.04 .
- Touschek: scattering of particles: 0.02
within the same bunch 0]
- Beam gas: scattering of particles
with the residual gas 0.04
- Synchrotron Radiation -4 -2 0 2 4
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Radiative Bhabha = <

....... I # — m,

QuaS| elastic Bhabha of the electron- posﬂron with N p* —mg
the emission of a photon _+ - + - —\ €
P ey (v~ €)

£ e e
The final state particles escapes through the detector acceptance
holes until

« Magnetic field deflect the lepton that radiated the photon
« The photon and/or defected lepton hit the beam pipe
* The debris of the electromagnetic shower hit the detector
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Radiative Bhabha = <

....... I # — m,

4 QuaS| elastic Bhabha of the electron- posﬂron with N p* —mg
the emission of a photon _+ - + - —\ €
P ey (v~ €)

£ e e
s The final state particles escapes through the detector acceptance
holes until

« Magnetic field deflect the lepton that radiated the photon
« The photon and/or defected lepton hit the beam pipe
* The debris of the electromagnetic shower hit the detector

* Angular divergence of the beam pipe cannot be neglected

* Incoming particles momentum/position at the scattering
vertex generated from first principles

Transversal Transversal Bunch E spread

/ size @ IP dev. @ IP length @ IP @ IP

y=y xx/8 Y
( o ) —l_(:rv;) =) ;;r;;;
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Radiative Bhabha = <

— M,

....... S i

4 QuaS| elastic Bhabha of the electron- posﬂron with N p* —mg

the emission of a photon  +,- __ eJre_f}r (’Y "“’H = e

s The final state particles escapes through the detector acceptance
holes until
« Magnetic field deflect the lepton that radiated the photon
« The photon and/or defected lepton hit the beam pipe
* The debris of the electromagnetic shower hit the detector

 BBBrem (R. Kleiss, H. Burkhardt) arXiv: hep-ph/9401333

= « Only two out of the eight Feynman diagrams are
considered
1 * Finite bunch density is taken into account by an infra-red
. cut-off parameter that fixes the minimum momentum

transfer J p__~ hc/d
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A single bunch crossing:

The primaries
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A single bunch crossing:
The primaries
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A single bunch crossing: e_\\{ﬁ
The secondaries e

— R :: : S - PE _ mE

| ¥ E"'/-/K\

Geant 4 Event ey w7 27
\ \ {* MH*}* 77 7

Display

'Shields|
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Rad-Bhabha Losses at the Beam-pipe: e*e

s V12-sf1l layout
oELER

. HER = e* (6.69 GeV) and LER = e~ (4.18 GeV)
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Rad-Bhabha Losses at the Beam-pipe: e*e”

S
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Rad-Bhabha Losses at the Beam-pipe: e*e”

S

s

4 V12 sf11 Iayout HER e (6 69 GeV) and LER e (4 18 GeV)
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Rad-Bhabha Losses at the Beam-pipe: e*e”

s V12-sf11 layout: HER = ¢’ (6.69 GeV) and LER = e (4.18 GeV) _
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Rad-Bhabha Losses at the Beam-pipe: rad-y

sf11 layout: HER €' (6 69 GeV) and LER = ¢ (4. 18 GeV)
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Pairs production T~

— il —— 1

s Main background source on SVT Léyero ‘fﬂ:— as
et e —ete e

e T [ 2

.
e rs 28 8
g (27 In 5 6.59 In

s Primaries are very soft (few
MeV)

e Multiple Coulomb scattering and
dE/dx at beam-pipe are not
negligible

- Particles with p, < 3.5 MeV/c can

still hit beam pipe O Coulomb
scattering can increase p, at

expense of long. momentum T \ Beam Pipe _
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Panrs production e
— et ——
4 Maln background source on SVT LayerO *E:_ @
et e —eTe et e P- o
asrs (28 & S

s Primaries can have enough p, to enter into the detector

* The detector solenoidal field is the main trap for particles with
small p,

* Non trivial effects from interactions with the beam pipe
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Pairs production: ’ o

Bruno evaluation example E d

2

2

3

—
=

o

track rate
Cumulative particles / In s /em

1077

Helix diameter (cm) @ 1. 5T (-1 3 whel3)
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Intensity dependent backgrounds

............ R v e

s Touschek and beam-gas scattering generates non-gaussian tails in
the bunch transverse profile

s The finite aperture of the beam pipe and large B-functions at the final

focus double-conspire to make these particles in the tails impinge
on the beam pipe

s« The non-gaussian tails generation and transport through the lattice
Is simulated with an external code to Bruno until they hit the beam
pipe: STAR (M. Boscolo - LNF)

s Bruno simulates the interaction of these loosed particles near the IP
to predict the effects on the detector
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Touschek

............ B oo g R v e

s Touschek spectra related with bunch parameters
along beam-line (bunch-volume (V = oxoyol), €0, N)

s Particle losses depend on machine parameters/optics
(physical aperture, dispersion, ...) -

s Calculation of Touschek energy spectra
along ring averaging Touschek pdf over

g

3 magnetic elements

Alejandro Pérez,

| | '
7 = .[ Proy(E)dE 1 w-"Erfsz oy =, |'£i+ {II.J(DI +D, a_r}
£ T a2 5 C(umin) | B - B
y (dm) “Vo.e AE ( . J
£= E Umin = | —
7O x

Tracking of Touschek particles: start with transverse gaussian
distribution and proper energy spectrum every 3 elements

e Track over many turns or until they are loss
« Estimation of IR and total Touschek particles losses
e Estimation of Touschek lifetime

I[PHC seminar - April. 5th 2013
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Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

¥ DACDFNE the Frascatl ¢@-factory (e'e colllder @ Vs = M(g) = 1019 4 MeV mainly
for Kaon physics)

s |nnovative SuperB collision scheme implemented at DAPFNE

s High background (Touschek) at KLOE-2 prevents using DA®NE full luminosity

The background rates prevented the KLOE-2 drift chamber to take data

s Estimate machine backgrounds using data and compare with simulation using
the SuperB tools

s The goal of this analysis was two-fold:
* To test the SuperB simulation tools on data (data vs simulation agreement)

* To study different DAF®NE final layout (shields) that could reduce backgrounds
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Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

s Simulation Strategy:"
 Use STAR code to get the Touschek primaries
* Built a final focus model of DAF®NE (material and magnetic fields)
« Simulation of Touschek primaries inside final focus up to entering KLOE-2
« KLOE-2 code to simulate and reconstruct particles that get into the detector
« Use KLOE-2 end-cap calorimeter as a background counter

QDO Final Focus model

g

Lead shielding

Lyso colorimeter
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Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

s Simulation Strategy:
 Use STAR code to get the Touschek primaries
* Built a final focus model of DAF®NE (material and magnetic fields)

« Simulation of Touschek primaries inside final focus up to entering KLOE-2
« KLOE-2 code to simulate and reconstruct particles that get into the detector
* Use KLOE-2 end-cap calorimeter as a background counter

Final Focus model

QFE1L

QDO
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s Simulation Strategy:"

Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

Use STAR code to get the Touschek primaries

Built a final focus model of DAF®NE (material and magnetic fields)
Simulation of Touschek primaries inside final focus up to entering KLOE-2
KLOE-2 code to simulate and reconstruct particles that get into the detector
Use KLOE-2 end-cap calorimeter as a background counter

KLOE-2 Solenoidal field

| Solenoidal field vs Z |

— T | T T T | T —
0.5 = —]
0.4— —

= S ]

= 0.3 —]

2 = .

[ - =]
0.2|— —
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® different slices 3
l— iy IO I T T (- D Al W (S —
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Z [mm)]
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s Simulation Strategy

Touschek Simulation tool used at DA®NE:
Machine Background Measu.re@gp_ts VS ME

Use STAR code to get the Touschek primaries

Built a final focus model of DAF®NE (material and magnetic fields)
Simulation of Touschek primaries inside final focus up to entering KLOE-2
KLOE-2 code to simulate and reconstruct particles that get into the detector
Use KLOE-2 end-cap calorimeter as a background counter

Magnetic field model (QDO)

Gradiegl [Tiem]
- L, &=
o -

e
ha
T T

0.25"

03fF

B L Livisluesn S L
250 300 350 400 450 500 550 600
Z [mm)]
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Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC
s Simulation Strategy: | | - B
 Use STAR code to get the Touschek primaries
* Built a final focus model of DAF®NE (material and magnetic fields)
« Simulation of Touschek primaries inside final focus up to entering KLOE-2

« KLOE-2 code to simulate and reconstruct particles that get into the detector
« Use KLOE-2 end-cap calorimeter as a background counter

Magnetic field model (QF1)

K2L field vs Z | QFl gradient

0.14— ZREELE

0.12 _ZZ‘\*KT

04} . \

- | \
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008~ | \
5006 f '.
B C ' |
Co.04— I|'|

0.02- 7_

u:—-..-.LI. .....................................................
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Touschek Simulation tool used at DA®NE:
Machine Background Measu.re@gp_ts VS ME

s Simulation St}gteg'y:
 Use STAR code to get the Touschek primaries
* Built a final focus model of DAF®NE (material and magnetic fields)
« Simulation of Touschek primaries inside final focus up to entering KLOE-2
« KLOE-2 code to simulate and reconstruct particles that get into the detector
« Use KLOE-2 end-cap calorimeter as a background counter

Magnetic field model (Dipoles)

Al SRR AR R S A R R R

Dipoles ’ | = gy

—r=z-10.0mm |

02/~ iataollls

"Use average .

Ep15tvalue inside - ]
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| i |
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s Simulation Strategy:"

Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

R R v

Use STAR code to get the Touschek primaries

Built a final focus model of DAF®NE (material and magnetic fields)
Simulation of Touschek primaries inside final focus up to entering KLOE-2
KLOE-2 code to simulate and reconstruct particles that get into the detector
Use KLOE-2 end-cap calorimeter as a background counter

Nominal trajectory

Z-X plane Z-Y plane
— T T T T T T T T T T T ] : T T T T | T T T T :

150: Bruno output B 20 —— Bruno output
100:— ——— DAFNE measurement = 18- — DAFNE measurent =
- ] 16— ] : -
soF- R Radial component E
. e of KLOE-2 B-field E
E o — E _F ' =
< F 15 10 =
-50(— - 8;— —;
- ] 6— —
-100{— - at- =
- 1 2= | =
-150__ AR N S N TN T NN N N S i A R T N NN NN TN R N S I = IR S T S R R N N i T T T T =

-2000 -1000 0 1000 2000 0 -2000 -1000 0 1000 2000
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Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

s Simulation Strategy:"
Use STAR code to get the Touschek primaries

Built a final focus model of DAF®NE (material and magnetic fields)
Simulation of Touschek primaries inside final focus up to entering KLOE-2
KLOE-2 code to simulate and reconstruct particles that get into the detector
Use KLOE-2 end-cap calorimeter as a background counter

Rate of particles exiting the
final focus (photons)

Alejandro Pérez, I[PHC seminar - April. 5th 2013

= 1m-—l T | T T L L] ! T ] T T | T T T T T T T L I T I—-
— - [ 00 <E < 1.0 MeV ]
=l outcoming electrons 1400 — I 1.0 <E < 3.0 MeV =
= = ~ [ I 30 <E < 5.0 MeV .
e £1200 — QN 5.0 <E <20.0 MoV ]
= KLOE-2 o+ [ 20.0 < E < 100.0 MeV E
= Detector gm: (11000 < E < 600.0 MeV .
S e = goor E
, =T e - ¥ L &
= | T e E
] _ o ) _ £ [ Total rate (E > 3.0 MeV) = 3409.2 KHz 1
= 1= ' s e 4001 =
= \El=n R o 1
— K ol cluster position . E 200
= vk~ (backwards) K
= mt 0==%0m  -1000 0 1000 2000
Z [mm]

57



Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

s Data analysis strateg"y:
« Use single beam (electron) data using cosmic trigger
« Select hits on the ECal that are off-time w.r.t the cosmic ray hits
« Correct rates by bunch life-time (not included in simulation)
* Count ECal clusters as a function of time and estimate the cluster rate

3 3 = 5 '—'
| time distribution of Cal clusters h_time_Cal_clus

Entries 1222073 | Total rate of barrel cluster as function of At |
C I T r T 1 T T T T T T Mean 68_6
- RMS 49.17 A L L N I B L B L LA L L T]
30000— . - Experimental Rate —
C N 25:_ —_— " 4
25000(- . g 0 Ay ]
L — . Fit: ]
5 - 7 a . [1+ @2*"-1)(t-t ),':m_]“ T
w _ J c o
4 - 7 = 20 ]
@000_ B E - - 1.67 £ 0.00 (5/3 =1.67) .
o - ] - Y o=167x0. =1. .
@ L Earl Lf)te . S 15 " _ 7
TE000— clusters clusters - = b Tz = (853 £ 0.05) mins -
o ] N e ]
5 a < - e, = + 0.03) mins ]
8 C . = L ---.,__“‘.EJE(Z) (3.81£0. 7
thooo|— = s O _\-\\_‘
Q — — ‘E-U' I fnpch, ]
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Touschek Simulation tool used at DA®NE:
Machine Background Measurements vs MC

s Data vs simulation comparison:

e Simulation gives very similar shapes as data both on Barrel and end-caps of
ECal

« Total rates agree within a factor of 2
great achievement for machine background estimations

* |In the data used the beam was not optimal (slightly off orbit). Simulation should
do better with better beam quality

Data vs MC normalized

e Same total rate e R
B00— — Data —
TO0— - \
: —MC 1 | EmCRegion  Datarates MCrates  Data/MC
E C z
ésuu Rates on : Barrel 4.7 MHz 333 MH 0.74
= barrel EMC
2 10 Forward 3J0MHz 16 MHZ 187
£ 300
= Backward 374 MHz 780 MHZ\ 048
- N7
100 i

5 I ISR B T I S T U I (T T S T T I I
=2500 -2000 -1500 -1000 'Eﬂ'ﬂzrﬂ _Iﬁﬂﬂ 1000 1500 2000 2500
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Touschek trajectones HER

No colllmators Wlth collimators
Z 0.04

= 002 | N | ﬂ\'

-0.04 |
-100 -80 -60 -40 20 ()
x 102
o . [ ALLCHAN — 0.7296E#7 N ] LALLCHAN __ 0.2320E+08
10000 ] T 1500
: 8000- 7 12501
7 Z 1000
2 SN = 7501
4000- 500
2000- u ‘ I 2501 | |
0 L L 0 .

100 -80 60 40 20 0

-100 80 -60 -40 -20 0 s(m)

s(m)

s Touschek losses mainly on the horizontal plane

s Found a horizontal collimator set that reduces losses rates at the IR
and maximizes lifetime. Real set will be found experimentally
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Touschek IR rates: HER/LER

With collimators

= 0.04 = 0.04
< 0.02 = 0.02
] HER
0 o LER
-0.02 = -0.02
-0.04 I THEET B -0.04
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s (m) s (m)
Touschek HEH LER
No collimators, €, with IBS 2.4 GHz 17 GHz
With Collimators, €, with IBS 6.8 MHz 72 MHz
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Touschek primaries for Bruno

Zoom within 4 m

LER Z vs X profile (pipes)
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Beam-gas

L e R R S e e e =

Two kind of interactions between bunch partlcles and residual gas:

consider both nuclear and electrons interactions

* Inelastic (Bremsstrahlung)

il

1r1r F{.r.‘.’f-l)u—-{l—l+

184
Jf”(glﬁ) (4.1)

* Elastic (Coulomb)
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Alejandro Pérez,
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Calculation of beam-gas energy spectra along ring averaging scattering
pdf over 3 magnetic elements

Pressure and gas composition can vary along the ring
Tracking of Beam-gas particles: start with transverse gaussian
distribution and proper energy spectrum every 3 elements
e Track over many turns or until they are loss
e Estimation of IR and total Beam-gas particles losses
« Estimation of Beam-gas lifetime
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Beam-gas trajectories and Iosses at IR HER

Trajectorles Df scattered partlcles e'..a'entuallyr lost at IH

horizontal
s Need an additional set
of vertical collimators
e . — — N to reduce losses at the
i .o B ... u IP while getting a
reasonable lifetime
vertical
100 -80 -60 -40  -20
— s(m)
Coulomb
No collimators, e, with IBS 105 GHz| 25 GHz
Coulomb
with collimators, exwith IBS 3.7MHz 36 MHz
Bremsstrahlung with coll 130KHz | 450KHz
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Beam-gas primaries for Bruno

HER Zoom: IR within 4 m

Z vs X profile (pipes)

150

100

50

X [mm|
o

-20

f—
ja=
e
B

II|IIIIIII|I|III|-III

-100

L %DU =30 00 20040 ~1000 0] 1000 2000 3000 4000

Alejandro Pérez, = IPHC seminar - April. 5th 2013 65



Touschek vs Rad. Bhabha

¥ LER Touschek IR ioss rafe 1OOM'Hz VS iOGHz from Rad. Bhabha

s But: the Touschek losses are fairly energetic (~4 GeV) while radiative

BhaBha are soft (<1 GeV)

s The energy spectrum and angular distributions of the secondaries

are quite different

* The total rate of Touschek secondaries is smaller
* The energy spectrum of the Touschek secondaries is harder

Rad-Bhabha Losses at the Beam-pipe
Total rates around the IP (-3 to 3 mts)
HER LER
positron rates electron rates
Erange (GeV)  Rate (GHz) E range (GeV)  Rate (GHz)
0.0-1.0 4.735 0.0-1.0 7.863
10-2.0 2.789 1.0-1.5 2.289
20-3.0 0.025 1.5-20 0.031
3.0-4.0 0.003 2.0-2.5 0.007
40 - 5.0 0.003 2.5-3.0 0.004
5.0 - 6.0 0.003 3.0-35 0.005
60-7.0 0.005 35-42 0.003
0.0-7.0 7.563 0.0 -4.2 10.202
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Touschek HER | LER
No collimalors, &, with 1BS 25GHz | 17 GHz
With Collimators, e, with IBS T MHz | 100 MHz
Coulomb S
No collimalors, e, with IB3 11Ghz | 25CHe
Coulomb
with collimators, e, withigs | 11MHZ | 36 MHz
Bremsstrahlung with coll 130KHz | 450KHz
66



X [mm]

Synchrotron Radiation

[

SR energy spectrum is the soft X-ray, but the rates are
huge (hundreds of watts)

The final focus W-shield should be more than adequate to HER
absorb SR-photons passing through the thin beam-pipe primaries

The small fraction of the SR radiation that will be reflected
and diffused by the inner surface of the pipe eventually
hitting the SVT was evaluated with Bruno

180 S N i R T =

100y

SR power incident on
beam-pipe from HER

g|I|I‘IIII‘II|||I|II||II|‘|I| L1 |IJ1II IIII‘IIII |I||| L

[

M | L
-2000 -1000

1 1
1000 2000
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Synchrotron Radiation: strategy

............ B oo g

3 stages code:

DT v e

« Stage 1: use the IP parameters of the beams to generate primaries for HER/LER. Invert
momentum and charge and backtrack particles up to the 2" dipoles upstream the

beam-line

« Stage 2: at this point re-invert the momentum and charge and foward-track the particles
turning-on the Synchrotron radiation

« Stage 3: use as primaries for the simulation those photons that eventually hit the beam

pipe

Can include non-gaussian tails from Touschek/Beam-Gas by adding 2
gaussian functions: core + tails. Can also move the location of the IP

Only managed to simulate synchrotron radiation with gaussian tails,

obtaining a negligible effect on all subsystems

Enlriesh xznnonn
FGaussian | “[Rms__o00rses
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Machine backgrounds
on the SuperB detector

Alejandro Pérez,

IPHC seminar - April. 5th 2013
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R. Cenci

............ e

(sum over @)

S

SVT — bbbrem

R v e

s Instantaneous rate of charged particles for SVT vs Z

—_— pairs

touschekHER

— touschekLER

s Track rate (multiple crossing not considered):
e LO: main contribution from 2-photon (mostly coming from IP)
* L3: Touschek-LER comparable to 2-photon

Layer-0

h_Swil0l_TrocksRate_z_pairs
| Tracks Rate distribution ve Z on Svt Layer 0 | Entries 102986
2 e Tt o o k) Mean 0.03145
. b HH RMS 2.767
N - +"'+.|._|_,|.+++ undertiow 0
= E +,|.+++ "'.|...|.++ Overflow 0
ab- +l-+++ +++++ Integral 170.4

C ++-|-‘|' + +14 J

g o H 1

C + ++ -|-++ +'|++-|. + + 1 =
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MHz cm?

Layer-3
Tracks Rate distribution vs Z on Svt Layer 3 | [
e e e
: Fi_SviLDZ_TracksAate_z_ pairs + : |
0.16H Entries 11362 !
012l e 2889 | Avg0.06543 MHz cm® it =
| rme 8.246 | Max 0.17 MHz cm™ =
D.12: Underflow 0 + i
E Overflow 0 -|- E_J
0.1 ] Integral 1.029 ]
0.08F t -
= ++ ++ =
0.06 + +# 4 —
- + Bt I I = e
0.04F + e
0.02= gl ol e W =
[ -+J' +I ++-'LT—:—.+I+:+J#J.| + * =)
|JZIZI -15 -10 5 0 ] 10 15 : E;D
Z\cim
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R. Cenci

s Instantaneous cluster rate for SVT vs Z (sum over @)
s Track rate (multiple crossing not considered):

............ e

R v e

« LO: average # of cluster/track ~2.6
« L3: average # of cluster/track ~2.4

« Additional factor due to # hits per cluster (pixel/strip), pitch/thickness
dependent: average up to ~5

Laye r-o h_SviL00_Clustors2_z_polrs
rd D tri 264310
[ Clusters2 distribution vs 2 and Phlon svilal -
Mean 0.02553
n’ : - T T RMS 2 878
E 12— -
N E +4 Hy Underflow 0
E E . ++++++ﬂ++ Overflow 0
s +t +.|. + +Ty " Integral 437.4
i A 3
L ﬂ-li'll UL ""'|'+++ L) e ’ ]
L 'I“|'+ +-.|. ++ " -
a EE +++-|-'|+""'|' .|.+‘|' o +t it —
: +-|-|.""H.# * -l-"|'+'|'_|_-l-|- :
E B —!
B Avg 9.023 MHz cnr? -
L J ' o T
a-- Max 11.79 MHz cmr? S
2 E
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o T e g
Z (cm)
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S
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A. Pérez FD'RC

o g e R S e e e =

s Determine the photo-electron (p.e.) rates per pixel for every sector and for all
background sources [1 background optical-photons map

s Use background map to superimpose on sighal Cerenkov cone projection to
estimate effect on Cerenkov angle resolution

Hits location for Rad-bhabha _
150_‘ T T T T | T T T T | T T T T T | | T | | T T T I_
B EoEsy i ] local”
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50:_ ‘q:m $10 i _:
E' - -5; 9 2 ;uil ]
& 0 — .,
> - _;_— E s8 $3 . p
'50:_ : ¥ s6| S5 ™ _: "
- - local”
008 e From 0.0
- 4 ] Wedge up to Length
-150__| [ A AT N RN N R S A (I T R A T T N U N N M A |__ =-rs
150 100 -30 0 a0 100 130 >
X [cm] Z -



A. Pérez FD'RC

S g e R S e e e T

s Rad-Bhabha is the main background 4200

__| ] Rad-Bhabha _—1
source by at least one order of - — I
magnitude E’IOOO_— [ Touschek HER —0 o
. s %
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A. Pérez FD'RC

- Forvrs AL e

s Rad-Bhabha is the main background 4200
source by at least one order of
magnitude

[ ] Rad-Bhabha
B Fairs

Il Touschek LER
Il Touschek HER

0.8

o
3
| T | T T |

(o]
o
o

s Rad-bhabha: main Cerenkov photons
contribution for tracks passing through
Photo-camera

0.6

04

Total Rate/Sector [MHz]
o
o
o

0.2

Total Rate/Sector [MHchmz]

o] .
L= o
o o
LI I I B L B

o

0

w
(=)
w
a4
w
[ %]

83 S84 S5 86 S7 S8 89 sS10 SN

s Include a new shield (lead-steel-
polyethylene sandwich): reduces
background by a factor of ~10
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A. Pérez FD'RC
s Rad-Bhabha is the main background 90— Tresanan 1,
source by at least one order of - — I <
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S. Germani

4 Rate of energy deposﬂed in the whole calorlmeter

EM Calorimeter (EMC)

s = o = S R v

s No globally dominant background source

Main contribution is Rad-bhabha
But there are some geometric/kinematic regions where other sources

dominate (e.g. Touschek-HER at high energy)

Rate [kHz]
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= Rad-bhabha
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Touschek-HER

Need to include all background sources for performances studies
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I EhaBha
V. Santoro IER Tauschak HER

I Touschek LER
Pair

| T
[ Tesesui ki

» Neutron fluxes Rate for Barrel L0 —— S5 'onn
vs detector

coordinates

'Layer of detector
closer to the I[P
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_ Il =
[ riscammiy
[
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V. Santoro

Neutron rates vs detector

coordinate for Fwd, Barrel and Bwd

Rates are really high in regions
close to the pipes: dangerous for

SiPM [0 additional shields (under
study)

Main contribution is Rad-bhabha

_ Rate for BWD L0 _Z=5e

=1 Pair

o

Alejandro Pérez,
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Summary and outlook

............ e R v e

4 Summary
e e+e- machines a complementary experimental probe to discover NP effects

* Machine induced background understanding are crucial for the design of future
experiments

* | gave a short summary of a very complex work addressing many requests
from subsystems designers

* SuperB developed (in my humble opinion) a fairly good set of tools to
understand and predict the background features

* No absolute dominant background
- Depends on the sub-system (e.qg. Pairs for SVT and Rad-bhabha FDIRC)
- For a given subsystem, depends on the geometric/kinematic region
s Outlook

« Belle-ll could use a hand for machine background estimations using the
SuperB tools

* Future e+e- colliders could use it too (ILC)
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Flavour and NP energy scale: an example

[

s Consider MSSN Wlth generic squark mass matrlces as an |IIustrat|on of SUSY
« Simple model general enough to illustrate the issue
* Model is being constrained by LHC
LHCb, SuperB

f m':iL gl 14 — i tan 7} Z.l'fl T I_"l.'|"i]||||,u I:.Jll_.ih'..l. I_l‘l.f|:!'l,l_,lg \I
o 2 TE ".l'l.“ljlh',l, :.:'I.:r_:_u I (Al TR ':':"I'.I. 'R
. Similar structure for M*_ i - s i ;
u Mza 2~ my,veldy — ptan ) (A% LL (&5 LR
e A's are related to NP (A%)pr (AL )RR
mass scale '”ﬁf sl A — i tan )
\ my

* In many NP scenarios the energy frontier experiments (LHC) will probe the

diagonal elements of mixing matrices
* Flavour experiments are required to probe off-diagonal elements
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Flavour and NP energy scale: an example

[

s Consider MSSN Wlth generic squark mass matrlces as an |IIustrat|on of SUSY
« Simple model general enough to illustrate the issue
* Model is being constrained by LHC

=
« Use mass insertion approx. with 1
m_~ m._to constrain couplings: =&
q g = than 30 significance
(A%) —
(6q ) — I]” AB
i/ AB 2
J m —a 10—1
« LHC constraints on gluino mass —

mean couplings are non-zero,
and SuperB can provide an

upper bound on A 102

e.g. if LHC excludes 1TeV
gluinos and Belle-ll

d ~
measures [(6°,) | 0. 05

« Can constrain the (6ij)qAB's using O A_<35TeV

B(B — X,7) I . .
B(B — X,£™) i

all et al., Nucl Phys. -
Acp(B — Xs7) Ciuchini et al., help-ph/0122397
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A New Idea

» Pantaleo Raimondi came up with a new scheme to attain

high

F. Bianchi
Alejandro Pérez,

luminosity in a storage ring:

Cha_rége the collision so that only a small fraction of one bunch
collides with the other bunch

* Large crossing angle
* Long bunch length

Due to the large crossing angle the effective bunch length (the
c]r.:gllé%mg part)s now very short so we can lower B * by a factor
0

The beams must have very low emittance - like present day light
sources

* The x size at the IP now sets the effective bunch length

In addition, by crabbing the magnetic waist of the colliding
beams we greatly reduce the tune plane resonances enablifg
greater tune shifts and better tune plane flexibilit

* This increases the luminosity performance by another factor of 2-3,
IPHC seminar - April. 5th 2013
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