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DADNE Parameters

(original configuration)

Energy, GeV 0.51
Circumference, m 97.69
RF Frequency, MHz 368.26
Harmonic Number 120
Damping Time, ms 17.8/36.0
Bunch Length, cm 1-3
Emittance, mmxmrad 0.34
Coupling, % 0.2-0.3
Beta Function at IP, m 1.7/0.017
Max. Tune Shifts .03-.04
Number of Bunches 111
Max.Beam Currents, A 2.4/1.4

A H BN ER

“Proposal for a ®-factory”, LNF-90/031 (IR),1990.
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Loeak at DA®NE 2001 < 2007

L, had aremarkable evolution mainly due to several machine upgrades
Experiments took data one at the time, although DAONE had been originally
conceived as collider with two IRs
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Rationale for the Upgrade

Lpeak ~ 1.6 10°2 cm™ s71 was the maximum luminosity achievable
in the original DA®NE configuration due to:

* B*,~ 0, to avoid hourglass effect

* Long-range beam-beam interactions
causing t* t reduction limiting "y ax I'vax

30

and consequently Lo, and L; E e e -
. N/
« Transverse size enlargements due to the
beam-beam interaction FE RN
£ -20: "-’.,-—Il’"{ \.\H‘*‘*‘w

A new conceptual approach was necessary to reach L~1033
Collision scheme based on Large Piwinski angle and Crab-Waist
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A new conceptual approach was necessary to reach L~1033
Collision scheme based on Large Piwinski angle and Crab-Waist
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Large Piwinski angle

Large Piwinski angle & obtained by:
o, 8 small g,

D =
o2 large
* low C
* N X
VB a N et | Lgain
o,0 (0.0) B, * No parasitic crossing

Old layout
IP1

ﬂ.- —

Splitter magnet

New IR magnetic layout

« Splitter magnets and compensator

solenoids removed Ne“:?a';'out -
*New low-p o
» Sector dipols around IP rotated i > IP1
* large collision angle ~ 50 mrd : i u 7 °‘°-°<’° 05 =0.025
* Four C type corrector dipoles used to A D= . : ’ %‘
mach the vacuum chamber in the arc ! ? - ~~~~~ N
L —F—-1  Comector dipoles (a, ~ 0.0095 rd)
e

Compensator solenoids not 4
installed for the SIDDHARTA run
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Lower ', possible

Small B, in fact the bunch overlap lenght X is:

Lgeometric gain

Zocﬁ oc$<<o'z ° IOWCy
0 Y0 - Vertical synchro-betatron

resonances suppression

Only 1 parasitic crossing
€x~ .26 um -> Axpc~ 40 o,

New low-f section

low-beta section based on PM QUADSs:
Kap = -29.2 [T/m]
Ko = 12.6 [T/m]

*e* e vacuum chambers separate after Qp
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Crab-Waist compensation

Collision with large @ is not a new idea

Crab-Waist transformationis !

(P.Raimondiet al., 2006)

|

_ X
¥ =26
sextupole
BB, BB,

(anti)sextupole

Bx:By

¢ Lgeometric gain
* X-Y synchro-betatron and

betatron resonance
suppression

P. Raimondi et al., arXiV:physics/0702033
C. Milardi et al., Int.J.Mod.Phys.A24, 2009
M. Zobov et al., Phys. Rev. Lett. 104, 2010
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Crab-Waist Compensation

Collision with large @ is not a new idea .....

Crab-Waist transformationis !
(P.Raimondiet al., 2006)

Lgeometric gain

Xy ‘ « x-y synchro-betatron and
Y= 20 betatron resonance

suppression

sextupole (anti)sextupole
* pf AV =7 P. Raimondi, 2° SuperB Workshop, March 2006
Bo.P, P x B y Bx,By * T P.Raimondi, D.Shatilov, M.Zobov, physics/0702033
T N AV - C. Milardi et al., Int.J.Mod.Phys.A24, 2009
l - l ~ y 2 M. Zobov et al., Phys. Rev. Lett. 104, 2010
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Crab-Waist Sextupole Parameters
CW-Sextupoles are high strength magnets

20

* K, pp (M) w"'..“
— X 1 /3)6 15
s 29 [))*/gsext [))sext
yMy X 0 //'
v nominal 0.6 v .
X used Value 0!5 00 100 200 300 400 500 600
crab: 0.2 0.4 v =0.6 0.8 1.0 1.2
L=0.898 L=0.996 L=1 L=1.007 L=0.968

Lifetrack D. Shatilov

Luminosity (arbitrary unit) and Beam tails versus waist rotation y
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DA®DNE Upgrade Parameters

Beam distribution @ IP

DA®NE DA®NE
KOE Upgrade
Ocross/2 (mrad) 12.5 25
gy (MMxmrad) 0.34 0.26 i i
b
Bx* (cm) 160 26 i
o (mm) 0.70 0.26
(I)Piwinski 0.6 1.9
B,* (cm) 1.80 0.85
o,* (um) low current 5.4 3.1
Coupling, % 0.5 0.5
Ibunch (mA) 13 13
o, (mm) 25 20
Nbunch 110 110
L (cm-2s-1) x1032 1.6 5

20

e/n 2007 the DA®NE accelerator complex has been upgraded in orderto implement a new collision scheme
based on large Piwinski angle, low—8 and Crab-Waist compensation of the synchrobetatron resonances

e The upgradetook ~ five months
eSince May 2008 DA®DNE is delivering luminosity to the SIDDHARTA experiment.
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Crab-Waist Compensation First Experimental Evidence

Luminosity from 2 different monitors
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Crab-Waist collisions and SIDDHARTA

Large crossing angle and Crab-Waist collisions proved to be
effective in increasing luminosity by a factor 3

*The DADONE collider, based on the new collision scheme including
Large Piwinski angle and Crab-Waist, has been successfully
commissioned achieving record performances
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[Luminosity [em-2 s-1] - on line FARM process|
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Specific Luminosity:

* Drops with the product of the colliding currents due to:
residual beam-beam blow up

E, (MAX) ~ 0.0443

bunch lengthening

e At low currents is fourtimes higher than in the original
configuration without Crab-Waist
e improvement is underestimated since collisions are
optimized mainly at high /
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DAD®NE Luminosity and Tune Shift

Luminosity
[1032cm2s1]
I(ele) [A] 1.38 1.50 1.52
I(pos) [A] 1.18 1.1 1
ny 111 106 105
€, [mm mrad] 0.34 0.34 0.28
B, [m] 1.5 2. 0.25
By [cm] 1.8 1.9 0.9
E 0.0245 0.0291 0.0443 (0.074)
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Weak-Strong Tune Shift

Crab-Waist compensation works in weak-strong regime also,
and measured luminosity is in good agreementwith Lifetrack
code (D. Shatilov) predictions
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L (cm™s™")/Nb

Strong-Strong Beam-Beam Simulations

|

= Opened at: 12/05/08 09:47:07 PM

_ o SIDDHARTA Luminosity
Single Bunch Luminosity cmh | v
(Damping time = 110.000 turns) 1523 1002]
1e+31 | | | 1 Ctotam
CW15 + "
9e+30 NoCW --- 4.53E ﬁ 32 l
8e+30 file M2idatalumi20081205 dat ‘ [
7e+30 e G E 105 bunches
6e+30 rab Waist On )
Se+30 1< about 20% lower
4e+30 _ -
Crab Waist Off

3e+30 n
2e+30 | | ] | |

0 50000 100000150000200000250000

turn

(K. Homi)

C. Milardi, IAS Program on High Energy Physics, Jan 4-29 2016, Hong Kong



Crab-Waist Collision Scheme & Luminosity
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Luminosity (cm?s™)
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KLOE-2 run

Integrating the high luminosity collision scheme with a large
experimental detector introduces new challenges in terms of:
IR layout
optics
beam acceptance
coupling correction

Crucial Points:

IR optics complying with:
Low-f3
Crab-Waist collision scheme
Coupling compensation

Beam trajectory control
IR mechanical design allowing:
Large crossing angle
Early vacuum pipe separation after IP inside the detector




KLOE-2 IR
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7 ewcarp  Beam Trajectory in the new IR

Magnetic length (mm) 75

field (T) 0,22933

Good field region radius (mm) 15
Magnet material type SmCo

PMD consists of two halves each of them:
* Magnetic length 75.0mm

*+ BL=0.0168 Tm
QUADs are centered as much as possible on the beam trajectory * Bxisdirected inwardand outward in the e+ and
to i b ¢ e- rings respectively
o improve beam acceptance. - . . 0,~10.0 mrad
Vacuum chamber design is very much simplified: straight
sections and few bellows o 0o
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“ ewcaro  Betatron Coupling correction

Ik 0eB*dl canceled by 2 anti-solenoids
for each beam

[B-di=2048 [Tm] — Iy, =2300[A]

KLOE

fB~dl=¢1.024 [Tm] — [ =867[A]

comp

Quadrupole rotationangles[deg]
Anti-solenoidcurrent [A]

0.0
-4.48

comp

In order to have coupling compensation
also for off-energy particles

used forfine tuning

-13.73

0.906

-0.906

Fixed QUAD rotations
K is expectedto be lowerthan for KLOE
past

72.48 (optimal value 86.7)

) C. Milardi et al 2012 JINST 7 T03002.
KKLOE1 = 02 e 03 %

KLOE Solenoid




Crab-Waist Collisions for KLOE-2

Operations with the Crab-Waist collision scheme and the KLOE
detector have been organized in four stages:
July 2010 - Dec 2012
* KLOE rolled in and the new IR based on CW Collision Scheme

installed
* Collision tested despite high fault incidence
* Physics run with a pure C target (100 pb?)
* Peak instantaneous luminosity 1.521032 cm=2s?t
Dec 2012 - Jul 2013
* IR extracted mended and modified
* Detector upgrade KLOE -> KLOE-2
* Several component and subsystems
replaced, maintained and upgraded
Jul 2013 - Nov 2014
* Infrastructural problems affecting the whole Lab
e Commissioning
Mid Nov 2014
e KLOE-2 systematic data taking

C. Milardi et al ICFA Beam Dynamics No.67
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Integrated Luminosity

Integrated Luminosity (pb-1)
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Weekly Integrated Luminosity

Uptime (%)
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Hourly Integrated luminosity

L1 hour = 0.620 pb™

L[dayz 14.8 pb-l

*Collisions suitable for KLOE-2

*Background compatible with

*L1 houriS the highest ever

data taking

an efficient acquisition

measured with the KLOE
detector




24 Hours Integrated luminosity

Detailed view of 14/01/2016
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Maximum Peak Luminosity so far

Opened at: 09/21/1505:18:41 PM

KLOE Luminosity

e- [mA] e+ [mA] . .
Still the full potential of
Jess ‘ ‘ s the new CW collision
2.13E+32 scheme has not been
completely exploited

105 bunches

DA®NE CW upgrade | DA®NE CW
SIDDHARTA (2009) KLOE-2 (2015)

Loeak  [10%2 cm2s-1] 4.53 (5.0) 2.1
Lgay [pb] 14.98 14.03
Li1 hour [Pb7'] 1.033 0.62
I"mMax in collision [A] 1.52 1.129
I"max in collision [A] 1.0 0.885
Nounches 105 105
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Conclusions

The new collision scheme including Large Piwinski angle and Crab-
Waist compensation of the beam-beam interactions has proved to be a
viable approach to increase the luminosity of the DA ®DNE collider

e |t has been succesfully tested and routinelly used during the SIDDHARTA run
when a factor 2.7 higher instantaneous luminosity has been measured

e Crab-Waist collision scheme has also been the leading conceptin designing the
new IR for the KLOE-2 experiment.. KLOE-2 is currently taking data profiting
from a daily integrated luminosity comparable with the best ever measured at
DA ®DNE, despite the instantaneous luminosity gain is still a factor 2 lower wrt
the one measured with the SIDDHARTA optics.

e The KLOE-2 run has also clearly assessed the Crab-Waist collision scheme
effectiveness even in presence of a large detector including high intensity
solenoidal field

e The Crab-Waist collision scheme has been considered to upgrade one of
the LHC interaction regions

* The design study of several new circular colliders includes the CW
collision scheme as a main design concept.
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36" MEETING OF THE LNF SCIENTIFIC COMMITTEE

FINDINGS AND RECOMMENDATIONS

1T THE DA®NE PROGRAM: STATUS AND RECOMMENDATIONS

1.1 THE DA®NE UPGRADE: PERFORMANCE AND OUTLOOK 1

1.2 SIDDHARTA 3

1.3 KLOE AND KLOE-2 4

1.4 FINUDA 5

1.5 RECOMMENDATIONS FOR THE NEXT STEPS OF THE DA®NE EXPERIMENTS 6

1.6 THE AMADEUS PROPOSAL 6
2 EXTERNAL PROGRAM PRESENTATIONS
2.1 LARES 8
2.2 BABAR 8
3 FUTURE COLLIDERS AT LNF
4STATUS OF SPARC/ SPA Not least among these is the fact that the principle of crab-waist

41SPARC compensation has been shown to work; this must be recognised as a major advance in the long

4.2 SPARX

ssacceerarorovisio: history of fighting the beam-beam effect in e'e colliders.

The 36" meeting mainly focused on he status and the outlook of the upgraded DA®NE collider
and the planning of its experim Specific ions were made on the
running and/or installation of three D. \NEexpenmems they are recorded in this document.

The Committee also reviewed two 'al activities belonging to the LNF external program:
the LARES and the BaBar experiments, A talk by P. Raimondi described the status of the
design of a Super B-factory. The status o1 *he SPARC and SPARX projects was discussed in
closed session.

The Committee welcomed a new member, C.. fatteuzzi, who joins it as chair of the Beam Test
Facility Committee.

1 THE DA®NE PROGRAM: STATUS RECOMMENDATIONS
1.1 DA®NE UPGRADE: PERFORMANCE

DA®NE has now operated for a few months with the schmofcolhdmgbeumswnhhrge
Piwinski angle and crab-waist compensation. The rissioning of the new configuration,
with the prototype SIDDHARTHA experiment is two months behind the expected
schedule. While peak luminosities have exceeded

integrated luminosities are not yet up to previ i are high.
These are grounds for serious concern. Onﬂ:euthﬁ'hnnd, vs:sofﬂlepmsentsmmhon(sec
below) shows that there are also rational grounds for optimi: Not least among these is the
fwtﬂmﬂiepmclpleofmb-wustoompensauonhasbecnshowntowmk,th:snmstbe

d as a major adv mﬂlclmghlmryofﬁghungﬂwbumbemeﬁectlr

colliders. It is also an imp step lidation of the SuperB design concepts.
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Thank you for your attention
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