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Decisive advantages of Fixed-target experiments

@ Fixed-target experiments offer specific advantages that are still
nowadays difficult to challenge by collider experiments
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Decisive advantages of Fixed-target experiments

@ Fixed-target experiments offer specific advantages that are still
nowadays difficult to challenge by collider experiments

@ They exhibit 4 decisive features,
e accessing the high Feynman xr domain (xF = -2-)

Pz max

e achieving high luminosities with dense targets,
e varying the atomic mass of the target almost at will,
e polarising the target.
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy

V5= /2myEp~ 115 GeV
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy
Vs =./2myEp ~ 115 GeV
@ In a symmetric collider mode, /s = 2Ep, i.e. much larger
@ Benefit of the fixed target mode : boost: Ykt = /5 ~ 60
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy
Vs =./2myEp ~ 115 GeV
@ In a symmetric collider mode, /s = 2Ep, i.e. much larger
@ Benefit of the fixed target mode : boost: Ykt = /5 ~ 60

2mp —

o Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:
(pz,cm =0, ELy, = pr)
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy
Vs =./2myEp ~ 115 GeV
@ In a symmetric collider mode, /s = 2Ep, i.e. much larger
@ Benefit of the fixed target mode : boost: Ykt = /5 ~ 60

2mp —

o Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:
° ( ELab> _ ( Y YB) (pT> (pZ,CM = 01 EgM = pT)
- 0

Pz.Lab

B v
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy
Vs =./2myEp ~ 115 GeV
@ In a symmetric collider mode, /s = 2Ep, i.e. much larger
@ Benefit of the fixed target mode : boost: Ykt = /5 ~ 60

2mp —

o Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:

_ Y

o ( Evab ) _ ( Y 7[3) (m) (pz.cm =0, Ecyy = pr)
Pz.Lab B v 0

@ Dz 1ap~60pT ! [A67MeV yfrom an at rest in the CM can easily be detected.]
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy

V5= \/2myEp ~ 115 GeV

@ In a symmetric collider mode, /s = 2Ep, i.e. much larger

@ Benefit of the fixed target mode : boost: ydb = 2‘”@ ~ 60
o Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:
(5=)=( ™) (%) (pz.om =0, Egyy = pr)
] =
Pz.Lab B v 0

@ Dz 1ap~60pT ! [A67MeV yfrom an at rest in the CM can easily be detected.]

@ Angle in the Lab. frame: tan6 = = yiﬁ =0~1°.

[Rapidity shift: Ay = tanh—'p ~ 4.8]

Pz Lab
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy
Vs =/2myEp ~ 115 GeV

@ In a symmetric collider mode, /s = 2Ep, i.e. much larger

@ Benefit of the fixed target mode : boost: ydb = 2‘”@ ~ 60

o Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:

_ Y

o ( Evab ) _ ( y 7[3) (m) (Pz.cm =0, Egyy = Pr1)
Pziab)  \YB ¥ 0

@ Dz 1ap~60pT ! [A67MeV yfrom an at rest in the CM can easily be detected.]

@ Angle in the Lab. frame: tan6 =

== 0=1°

[Rapidity shift: Ay = tanh—'p ~ 4.8]
@ The entire forward CM hemisphere (ygy > 0) within 0° < ;55 < 1°
Yem =0= Yiap ~4.8]

Pz Lab
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Generalities

@ pp or pA collisions with a 7 TeV p* on a fixed target occur at a CM energy

V5= \/2myEp ~ 115 GeV

In a symmetric collider mode, /s = 2E, i.e. much larger

Benefit of the fixed target mode : boost: yab = 2‘”@ ~ 60

o Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:

_ Y

o ( Evab ) _ ( y 7[3) (m) (Pz.cm =0, Egyy = Pr1)
Pziab)  \YB ¥ 0

@ Dz 1ap~60pT ! [A67MeV yfrom an at rest in the CM can easily be detected.]

Angle in the Lab. frame: tan6 =

== 0=1°
[Rapidity shift: Ay = tanh—'p ~ 4.8]
The entire forward CM hemisphere (ygy > 0) within 0° < ;55 < 1°
Wom =0= Yiap ~4.8]
Good thing: small forward detector = large acceptance
Bad thing: high multiplicity = absorber = physics limitation

Pz Lab
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Backward physics ?

@ Let’s adopt a novel strategy and look at larger angles
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Backward physics ?

@ Let’s adopt a novel strategy and look at larger angles
@ Advantages:
- reduced multiplicities at large(r) angles
- access to partons with momentum fraction x — 1 in the target
- last, but not least, the beam pipe is in practice
not a geometrical constrain at 6y, ~ 180°
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Backward physics ?

@ Let’s adopt a novel strategy and look at larger angles
@ Advantages:
- reduced multiplicities at large(r) angles
- access to partons with momentum fraction x — 1 in the target
- last, but not least, the beam pipe is in practice
not a geometrical constrain at 6y, ~ 180°

Hadron center-of-mass system Target rest frame

X < X, O x1\ 2 O — Ox1

’backward physics = large-x» physics‘
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First systematic access to the target-rapidity region

(XF% 71)
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First systematic access to the target-rapidity region

—1
(X = —1) J/y suppression in pA collisions
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@ xr systematically studied at fixed target experiments up to +1
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First systematic access to the target-rapidity region

—1
(X = —1) J/y suppression in pA collisions
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@ xr systematically studied at fixed target experiments up to +1
@ Hera-B was the only one to really explore xF < 0, up to -0.3
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First systematic access to the target-rapidity region

—1
(X = —1) J/y suppression in pA collisions
s 11 4 HERAB 920 GeV
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Phenix @RHIC XF
@ xr systematically studied at fixed target experiments up to +1
@ Hera-B was the only one to really explore xF < 0, up to -0.3
@ PHENIX @ RHIC: —0.1 < x¢ < 0.1 [ could be wider with T, but low stat.]
@ CMS/ATLAS: |xg| <5-1073;LHCb: 5-1073 < xp < 4-1072
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First systematic access to the target-rapidity region

(XF% 71)

J/y suppression in pA collisions
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Xr systematically studied at fixed target experiments up to +1

Hera-B was the only one to really explore xF < 0, up to -0.3

PHENIX @ RHIC: —0.1 < xf < 0.1 [ could be wider with T, but low stat.]
CMS/ATLAS: |xr| <5-1073; LHCb: 5-107 3 < xr <4-1072

If we measure T(bb) at yems ~ —2.5 = Xp ~ 2%sinh(ycms) ~ 1
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The beam extraction

% The LHC beam may be extracted using “Strong crystalline field”
without any decrease in performance of the LHC !
E. Uggerhagij, U.l Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131
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The beam extraction

% The LHC beam may be extracted using “Strong crystalline field”
without any decrease in performance of the LHC !
E. Uggerhagij, U.l Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

* lllustration for collimation
Bent-crystal\
A solid state primary as primary
collimator-scatterer collimator
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The beam extraction

% The LHC beam may be extracted using “Strong crystalline field”
without any decrease in performance of the LHC !
E. Uggerhagij, U.l Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

* lllustration for collimation

Bent-crystal
A solid state primary as primary

collimator-scatterer collimator

* Tests will be performed on the LHC beam:
LUA9 proposal approved by the LHCC
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The beam extraction

% The LHC beam may be extracted using “Strong crystalline field”
without any decrease in performance of the LHC !
E. Uggerhagij, U.l Uggerhgj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

* lllustration for collimation

| | N\

A solid state primary as primary
collimator-scatterer collimator

* Tests will be performed on the LHC beam:
LUA9 proposal approved by the LHCC
* 2 crystals already installed in the LHC beampipe 1
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Luminosities

@ Expected proton flux ®pezm =5 x 108 pts!
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@ Instantaneous Luminosity:

L = Ppeam * Niarget = Npeam % (pxtxAn)/A

[ ¢: target thickness (for instance 1cm)]
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@ Expected proton flux ®pezm =5 x 108 pts!
@ Instantaneous Luminosity:

L = Ppeam * Niarget = Npeam % (pxtxAn)/A

[ ¢: target thickness (for instance 1cm)]
@ Integrated luminosity: [ dt.Z over 107 s for p* and 10° for Pb
[the so-called LHC years]
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Luminosities

Luminosities

@ Expected proton flux ®pezm =5 x 108 pts!
@ Instantaneous Luminosity:

L = Ppeam * Niarget = Npeam % (pxtxAn)/A

Target p (g.cm3)

Sol. H, 0.09
Liq. H, 0.07
Liq. D, 0.16
Be 1.85
Cu 8.96
w 19.1
Pb 11.35

A

£ (pb.s?)

26
20
24
62
42
Sl
16

260
200
240
620
420
310
160

J.P. Lansberg (IPNO, Paris-Sud U.)

UPC studies with AFTER@LHC

June 4, 2014

[ ¢: target thickness (for instance 1cm)]
@ Integrated luminosity: [ dt.Z over 107 s for p* and 10° for Pb
[the so-called LHC years]
JL£ (pb.yr?)
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Luminosities Il

@ 1 meter-long liquid H> & D- targets can be used (see NA51, ...)
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e This gives: L}, /p, ~20 fo 'y
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Luminosities Il

@ 1 meter-long liquid H> & D- targets can be used (see NA51, ...)
@ This gives: %}, /p, ~ 20 fo Ty~ 25 1€ 2012 RUN (4 Tev/beam)

@ Recycling the LHC beam loss, one gets 7 ||« cuszz63 1~
20 H—— LHCb 2115 fb™!
—o— ALICE 9.099 pb™!
PRELIMINARY

a luminosity comparable to the LHC itself !

15+

10

Delivered integrated luminosity (fb

Mar Apr May Jun Jul Aug Sep Oct Nov
Month in 2012

(generated 2012-12-02 18:23 including fill 3360)
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@ 1 meter-long liquid H> & D- targets can be used (see NA51, ...)
@ This gives: %}, /p, ~ 20 fo Ty~ 25 1€ 2012 RUN (4 Tev/beam)

@ Recycling the LHC beam loss, one gets 7 ||« cuszz63 1~
20 H—— LHCb 2115 fb™!
—o— ALICE 9.099 pb™!
PRELIMINARY

a luminosity comparable to the LHC itself !

@ PHENIX lumi in their decadal plan
-Run14pp 12 pb~' @ ysw =200 Gev ol
-Run14dAu 0.15 pb~" @ \/syy = 200 GeV
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@ 1 meter-long liquid H> & D- targets can be used (see NA51, ...)
@ This gives: %}, /p, ~ 20 fo Ty~ 25 1€ 2012 RUN (4 Tev/beam)

@ Recycling the LHC beam loss, one gets 7 ||« cuszz63 1~
20 H—— LHCb 2115 fb™!
—o— ALICE 9.099 pb™!
PRELIMINARY

a luminosity comparable to the LHC itself !

@ PHENIX lumi in their decadal plan
-Run14pp 12 pb~' @ ysw =200 Gev
-Run14dAu 0.15 pb~" @ \/syy = 200 GeV

@ AFTER vs PHENIX@RHIC:
3 orders of magnitude larger
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Delivered integrated luminosity (fb

Mar Apr May Jun Jul Aug Sep Oct Nov
Month in 2012

(generated 2012-12-02 18:23 including fill 3360)
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Luminosities Il

@ 1 meter-long liquid H> & D- targets can be used (see NA51, ...)
@ This gives: %}, /p, ~ 20 fo Ty~ 25 1€ 2012 RUN (4 Tev/beam)

@ Recycling the LHC beam loss, one gets 7 ||« cuszz63 1~
20 H—— LHCb 2115 fb™!
—o— ALICE 9.099 pb™!
PRELIMINARY

a luminosity comparable to the LHC itself !

@ PHENIX lumi in their decadal plan
-Run14pp 12 pb~' @ ysw =200 Gev
-Run14dAu 0.15 pb~" @ \/syy = 200 GeV

@ AFTER vs PHENIX@RHIC:
3 orders of magnitude larger

15+

10

Delivered integrated luminosity (fb

0 et N,
@ Lumi for Pb runs in the backup slides Mar for May Jun i fug Sep Oct Nov

(generated 2012-12-02 18:23 including fill 3360)

(roughly 10 times that planned for the LHC)
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A few figures on the (extracted) proton beam

@ Beam loss: 109 pts!
@ Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
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A few figures on the (extracted) proton beam

@ Beam loss: 109 pts!
@ Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
@ Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10"p*

@ Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
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A few figures on the (extracted) proton beam

Beam loss: 10° pts—!
Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10'4p*

Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
@ Extracted “mini” bunches:

o the crystal sees 2808 x 11000 s—' ~3.10” bunches s’
e one extracts 5.108/3.107 ~ 15p* from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,
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A few figures on the (extracted) proton beam

Beam loss: 10° pts—!
Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10'4p*

Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
@ Extracted “mini” bunches:

o the crystal sees 2808 x 11000 s—' ~3.10” bunches s’
e one extracts 5.108/3.107 ~ 15p* from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,

Extraction over a 10h fill:

e 5x108pt x3600sh™ ' x10h=1.8x10"3p" fill "’
e This means 1.8 x 10'3/3.2 x 10'* ~ 5.6% of the p* in the beam
These protons are lost anyway !
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A few figures on the (extracted) proton beam

Beam loss: 10° pts—!
Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10'4p*

Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
@ Extracted “mini” bunches:

o the crystal sees 2808 x 11000 s—' ~3.10” bunches s’
e one extracts 5.108/3.107 ~ 15p* from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,

Extraction over a 10h fill:

e 5x108pt x3600sh™ ' x10h=1.8x10"3p" fill "’
e This means 1.8 x 10'3/3.2 x 10'* ~ 5.6% of the p* in the beam
These protons are lost anyway !

@ similar figures for the Pb-beam extraction
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A few more figures |l

@ absence of pile-up: about one coll. per bunch passing (25 ns)
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@ the average collisions rate per 25 ns should be smaller than one:
max 4 x 107 coll. per s
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A few more figures |l

@ absence of pile-up: about one coll. per bunch passing (25 ns)

@ the average collisions rate per 25 ns should be smaller than one:
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@ absence of pile-up: about one coll. per bunch passing (25 ns)

@ the average collisions rate per 25 ns should be smaller than one:
max 4 x 107 coll. per s

e average collisions rate per second: .% x o% (if .# is in unit of s~1)
e Taking o ~45 mb (at ~ 115 GeV)
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@ the average collisions rate per 25 ns should be smaller than one:
max 4 x 107 coll. per s

e average collisions rate per second: .% x o% (if .# is in unit of s~1)
e Taking o ~45 mb (at ~ 115 GeV)
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A few more figures Il

@ absence of pile-up: about one coll. per bunch passing (25 ns)

@ the average collisions rate per 25 ns should be smaller than one:
max 4 x 107 coll. per s

e average collisions rate per second: .% x o% (if .# is in unit of s~1)
e Taking o ~45 mb (at ~ 115 GeV)

@ 4x107 (s V)= ZLnax(mb~1 s~ 1) 45 (mb)

@ Zpax~2nb~ ' s! ok with the table above

@ Refinement: Poisson distr. #(n) = “n,ff“ (u: average # of events)
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A few more figures Il

@ absence of pile-up: about one coll. per bunch passing (25 ns)

the average collisions rate per 25 ns should be smaller than one:
max 4 x 107 coll. per s

average collisions rate per second: .# x off (if . is in unit of s7)
Taking o ~ 45 mb (at ~ 115 GeV)

4x107 (5= ZLnax(mb~' s71) 45 (mb)

Lmax ~2nb~ 1 s~ ok with the table above
Refinement: Poisson distr. #2(n) = “n‘T“ (u: average # of events)

n!
For & = %max, 4 = 1 thus
37 % no coll., 37 % 1 coll., 26 % 2 coll.
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A few more figures Il

absence of pile-up: about one coll. per bunch passing (25 ns)

the average collisions rate per 25 ns should be smaller than one:
max 4 x 107 coll. per s

average collisions rate per second: .# x off (if . is in unit of s7)
Taking o ~ 45 mb (at ~ 115 GeV)
4x107 (5= ZLnax(mb~' s71) 45 (mb)
Lmax ~2nb~1 g7 ok with the table above
Refinement: Poisson distr. &2(n) = “n,ff“ (u: average # of events)
For & = %max, 4 = 1 thus
37 % no coll., 37 % 1 coll., 26 % 2 coll.
For . = {5.%max, 1 = 0.1 thus
90.5 % no coll., 9 % 1 coll., 0.5 % 2 coll.
(ratio 1 coll. vs. 2 coll. : better)
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Luminosities for the Pb beam

@ Instantaneous Luminosity:

&L = ®peam X Ntarget = Npeam X (p X £ x AH3)/A
Ppeam =2x 105 Pbs™', ¢=1 cm (target thickness)
@ Integrated luminosity [ dt.Z = .Z x 108 s for Pb

@ Expected luminosities with 2 x 10°Pb s~ extracted (1cm-long target)
Target

Sol. H,

Liq. H,

Lig. D,
Be
Cu
w
Pb

@ Planned lumi for PHENIX Run15AuAu 2.8 nb~' (0.13 nb~' at 62 GeV)

p (g.cm?) £ (mbl.s?)=(r (nbl.yr)
0.09 1 11
0.07 1 8
0.16 2 10
1.85 9 25
8.96 64 17
19.1 185 13
11.35 207 7

@ Nominal LHC lumi for PbPb 0.5 nb~!
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Luminosities
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Luminosities
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More details in
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Ultra-relativistic heavy-ion physics with AFTER@LHC
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Part Il

Exclusive reactions and Ultra-peripheral
collisions with AFTER
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I
Very forward (backward) physics (xg — +1)

@ Diffractive quarkonia production from intrisic charm

similar to Higgs production (S. J. Brodsky et al. Phys. Rev. D 73, 113005 (2006))

PV X, Y. X,

p (target)

p(projectile)
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I
Ultra-Peripheral Collisions

@ ,/S,p upto 60 GeV

@ inverse DVCS (GPDs) pPh x 7 pt
(B. Pire et al. Phys. Rev. D 79 (2009) 014010) e
p
@ proton dissociation (DAs) PP x 7

SL. Frankfurt and M. Strikman heé)-ph/0210087)
D. Y. lvanov et al. Phys. Lett. B 666 (2008) 245)

@ vector meson photoproduction

»Pb x 7

p.Pb
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UPC in the fixed target mode
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|
UPC in the fixed target mode

) ybeam ~ 7000 (Ep, = 7000 GeV)
° E)r/nax ~ }/ﬂ%ﬁm x 30 MeV (1 /(pr + Hp) ~ 30 MeV)
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UPC in the fixed target mode

eam

° lab
max

° E

~ 7000 (Ep, = 7000 GeV)

=

@ /5p=+/2mpEy up to 20 GeV

x 30 MeV (1/(Rpy + Rp) ~ 30 MeV)

System  target  ysww  Las® El® Efb yems o pAoB e ppR oA K
thickness
(cm) (GeV) (plf1 yr’1 ) (GeV) (GeV) (W (MeV) (GeV) (GeV) (GeV) (GeV)
AFTER
)22 100 115 2.0x 10* 7000 my 61.2 7450 140 1050 44 85 17
pPb 1 115 1.6 x 102 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x10* 7000 my 61.2 7450 70 520 31 43 85
PbPb 1 72 7.%x1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 1.1 2760 my 38.3 2940 26 76 12 1.6 32
Arp 100 71 1.1 3150 my 409 3350 41 140 16 2.5 5.0
Op 100 81 1.1 3500 my 43.1 3720 52 190 19 32 6.3
RHIC
pp N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x 1073 100 100 106.4 22600 14 320 24 1.5 3.0
SPS
Inln 17 160 my 9.22 170 17 2.9 2.5 0.15 0.31
PbPb 17 160 my 9.22 170 14 24 2.1 0.13 0.26
“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 105 Pb/s.
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|
UPC in the fixed target mode
@ sam ~ 7000 (Ep = 7000 GeV)
@ EMax ~ obeam » 30 MeV (1/(Rpy + Rp) ~ 30 MeV)

@ /5p=+/2mpEy up to 20 GeV
@ No pile-up

System  target  ysww  Las® El® Efb yems o pAoB e ppR oA K
thickness
(cm) (GeV) (pb’lyr’l) (GeV) (GeV) (W) (MeV) (GeV) (GeV) (GeV) (GeV)
AFTER
)22 100 115 2.0x 10* 7000 my 61.2 7450 140 1050 44 8.5 17
pPb 1 115 1.6 x 102 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x10* 7000 my 61.2 7450 70 520 31 43 85
PbPb 1 72 7.%x1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 1.1 2760 my 38.3 2940 26 76 12 1.6 32
Arp 100 71 1.1 3150 my 409 3350 41 140 16 2.5 5.0
Op 100 81 1.1 3500 my 43.1 3720 52 190 19 32 6.3
RHIC
pp N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x 1073 100 100 106.4 22600 14 320 24 1.5 3.0
SPS
Inln . 17 . 160 my 9.22 170 17 2.9 2.5 0.15 0.31
PbPb . 17 . 160 my 9.22 170 14 24 2.1 0.13 0.26

“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 105 Pb/s.
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UPC in the fixed target mode

m
@ ybsam ~ 7000 (E, = 7000 GeV)
lab
max ~_ ybeam ~
® EM o~ ybeam 30 MeV (1/(Rpy + Ro) = 30 MeV)
@ /Syp=+/2mpE, up to 20 GeV
@ No pile-up
System target VSN Lag® El{'b ngh yoms yAoB ﬁ E;\ et ES'Nk NG
thickness
(cm) (GeV) (plf1 yr’1 ) (GeV) (GeV) (W (MeV) (GeV) (GeV) (GeV) (GeV)
AFTER
124 100 115 2.0x 10* 7000 my 61.2 7450 140 1050 44 85 17
pPb 1 115 1.6 x 102 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x10* 7000 my 61.2 7450 70 520 31 43 8.5
PbPb 1 72 7.x1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 1.1 2760 my 38.3 2940 26 76 12 1.0 2.0
Arp 100 71 1.1 3150 my 40.9 3350 41 140 16 1.7 34
Op 100 81 1.1 3500 my 43.1 3720 52 190 19 22 4.5
RHIC
pp N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x1073 100 100 106.4 22600 14 320 24 L5 3.0
SPS
Inln 17 160 my 9.22 170 17 29 25 0.15 0.31
PbPb 17 160 my 9.22 170 14 2.4 2.1 0.13 0.26
“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 10° Pbys.
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|
UPC in the fixed target mode

@ YoM~ 7000 (Ep = 7000 GeV)
° E)r/nax ~ }/ﬂ%ﬁm x 30 MeV (1 /(pr + Hp) ~ 30 MeV)

@ /5p=+/2mpEy up to 20 GeV

@ No pile-up
Sysem - trget S L b Eb o gems s pACR e BN N
thickness

(cm) (GeV) (pb’lyr’l) (GeV) (GeV) (MeV) (GeV) (GeV) (GeV) (GeV)

AFTER
)22 100 115 2.0x 10* 7000 my 61.2 7450 140 1050 44 8.5 17
pPb 1 115 1.6 x 10 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 2.4x10* 7000 my 61.2 7450 70 520 31 43 8.5
PbPb 1 72 7.x1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 1.1 2760 my 383 2940 26 76 12 1.6 32
Arp 100 77 1.1 3150 my 40.9 3350 41 140 16 2.5 5.0
Op 100 81 1.1 3500 my 43.1 3720 52 190 19 32 6.3
RHIC
)22 N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x 1073 100 100 106.4 22600 14 320 24 1.5 3.0
SPS
InIn . 17 . 160 my 9.22 170 17 2.9 2.5 0.15 0.31
PbPb . 17 . 160 my 9.22 170 14 24 2.1 0.13 0.26

“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 10° Pbys.
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|
UPC in the fixed target mode

@ jm ~ 7000 (E, = 7000 GeV)

al

° E)r/nax ~ }/ﬂ%ﬁm x 30 MeV (1 /(pr + Hp) ~ 30 MeV)

@ /5p=+/2mpEy up to 20 GeV
@ No pile-up

System  target vy Lag® b B gems pASB o ghen gD e B
thickness
(cm) (GeV)  (pb~'yrh)  (GeV) (GeV) ( Z;;"\'“ ) (MeV) (GeV) (GeV) (GeV) (GeV)
AFTER
pp 100 115 2.0x10* 7000 my 61.2 7450 140 1050 44 8.5 17
pPb 1 115 1.6 x 10 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x10* 7000 my 61.2 7450 70 520 31 4.3 8.5
PbPb 1 72 7.x1073 2760 my 383 2940 14 40 9 0.5 1.0
Pbp 100 72 Bl 2760 my 383 2940 26 76 12 1.6 32
Arp 100 77 1.1 3150 my 40.9 3350 41 140 16 2.5 5.0
Op 100 81 1 3500 my 43.1 3720 52 190 19 32 6.3
RHIC
PP N/A 200 1.2x 10" 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 28x 1072 100 100 106.4 22600 14 320 24 1.5 3.0
SPS
Inln . 17 . 160 my 9.22 170 17 29 25 0.15 0.31
PbPb . 17 . 160 my 9.22 170 14 2.4 2.1 0.13 0.26

“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 10° Pbys.
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|
UPC in the fixed target mode

@ YoM~ 7000 (Ep = 7000 GeV)
° E)I/nax ~ }/ﬂ%ﬁm x 30 MeV (1 /(pr + Hp) ~ 30 MeV)

@ /5p=+/2mpEy up to 20 GeV

@ No pile-up
System  target  Snw Lag®  ER Egbgems pACR e BN o
thickness
(cm) (GeV) (pb’lyr’l) (GeV) (GeV) ( ﬂ) (MeV) (GeV) (GeV) (GeV) (GeV)
AFTER
PP 100 115 20x10* 7000 my 61.2 7450 140 1050 44 8.5 17
pPb 1 115 1.6 x 10 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x10* 7000 my 61.2 7450 70 520 31 43 8.5
PbPb 1 72 7.x 1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 .1 2760 my 38.3 2940 26 76 12 1.6 32
Arp 100 71 1.1 3150 my 409 3350 41 140 16 2.5 5.0
Op 100 81 1 3500 my 43.1 3720 52 190 19 32 6.3
RHIC
pp N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x 1073 100 100 106.4 22600 14 320 24 15 3.0
SPS
Inln . 17 . 160 my 9.22 170 17 2.9 25 0.15 0.31
PbPb . 17 . 160 my 9.22 170 14 2.4 2.1 0.13 0.26

“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 105 Pb/s.
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|
UPC in the fixed target mode
@ sam ~ 7000 (Ep = 7000 GeV)
@ EMax ~ obeam » 30 MeV (1/(Rpy + Rp) ~ 30 MeV)

@ /5p=+/2mpEy up to 20 GeV
@ No pile-up

R

System  target VSN Lag” £ 1 S R N G
thickness
(cm) (GeV) (pb’lyr") (GeV) (GeV) (Z"V”Z_' ) (MeV) (GeV) (GeV) (GeV) (GeV)
N
AFTER
PP 100 115 2.0x 10* 7000 my 61.2 7450 140 1050 44 8.5 17
pPb 1 115 1.6 x 10 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x% 10 7000 my 61.2 7450 70 520 31 43 85
PbPb 1 72 7.x1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 1.1 2760 my 38.3 2940 26 76 12 1.6 32
Arp 100 71 1.1 3150 my 409 3350 41 140 16 2.5 5.0
Op 100 81 1.1 3500 my 43.1 3720 52 190 19 32 6.3
RHIC
pp N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x 107 100 100 106.4 22600 14 320 24 1.5 3.0
SPS
InIn . 17 . 160 my 9.22 170 17 29 25 0.15 0.31
PbPb . 17 . 160 my 9.22 170 14 2.4 2.1 0.13 0.26

“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Ar and O as for Pb, i.e. 2 x 105 Pb/s.
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|
UPC in the fixed target mode

@ YoM~ 7000 (Ep = 7000 GeV)
° E)r/nax ~ }/ﬂ%ﬁm x 30 MeV (1 /(pr + Hp) ~ 30 MeV)

@ No pile-up
System miiﬁ:ss No7d Lag® £l £l yems. yAoB i ETm [sma Foms | s
(cm) (GeV)  (pb~lyrh)  (GeV) (GeV) ( ﬂ) (;3"; ) (MeV) (GeV) (GeV) (GeV) (GeV)
AFTER *
pp 100 115 2.0x 10* 7000 my 61.2 7450 140 1050 44 8.5 17
PPb 1 115 1.6 x 10 7000 my 61.2 7450 26 190 19 1.6 32
pd 100 115 24x10* 7000 my 61.2 7450 70 520 31 43 85
PbPb 1 72 7.x 1073 2760 my 38.3 2940 14 40 9 0.5 1.0
Pbp 100 72 1.1 2760 my 38.3 2940 26 76 12 1.6 32
Arp 100 77 1.1 3150 my 40.9 3350 41 140 16 2.5 5.0
Op 100 81 1.1 3500 my 43.1 3720 52 190 19 3.2 6.3
RHIC
PP N/A 200 1.2x 10! 100 100 106.4 22600 140 3150 77 15 30
AuAu N/A 200 2.8x 1073 100 100 106.4 22600 14 320 24 1.5 3.0
SPS
Inln . 17 . 160 my 9.22 170 17 2.9 2.5 0.15 0.31
PbPb . 17 . 160 my 9.22 170 14 2.4 2.1 0.13 0.26

“For Arp and Op luminosity with AFTER, we conservatively assumed the
same extracted flux of Arand O as for Pb, i.e. 2 x 107 Pbys.

Attempt at CERN-SPS: “In-In Ultra Peripheral Collisions in NA60” by P. Ramalhete (PhD), 2009
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-
A closer look at the photon flux (as fct of the final-state kin.)

104 F

u quark PDF

dn oo
dx

0.01-

@ For yy collisions, the photon flux is simply maximum for yems = 0
@ For yp, it is much less trivial
@ ltis instructive to analyse the photon flux as function of y of the
produced particle
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-
A closer look at the photon f|UX (as fct of the final-state kin.)

7TeVpunp

Lets look at the photoproduction of a
dilepton, yp — (¢ p, at small t and fixed oot -
dilepton mass (Q);

the dilepton rapidity depends on the incident "
photon energy: o “F

hh

%G = & do(s7 (k)
= let’s look at the y flux as a function of y

0020

7TeV p on Pb 2.76 TeV Pb on p
T T T

dn

. L . . -3 -2 -1 0 [ 2
-1 0 1 2 3 0

Yiab = Yems +4.8(4.3) for 7 TeV (2.76 TeV) beam
= Pbp is preferred with an acceptance yi., € [2: 5]
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|
Timelike Compton Scattering vs. Bethe Heitler pair
production
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|
Timelike Compton Scattering vs. Bethe Heitler pair
production

@ Bethe Heitler (yp — ¢¢p)
[Should coincide with EPA @yy — £747] -

dep a3 2 AZ 7
9%y . %m 1 1+cos“6 2 _t 2\ 2 21 2
dQZdtd(cosB)de - 2152 1 sin?e (F1 e F2> S -t +(Fi+F2)
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|
Timelike Compton Scattering vs. Bethe Heitler pair
production

@ Bethe Heitler (yp — ¢¢p)
[Should coincide with EPA @yy — £747]

dofy odn 1 1tcos?0 > o) 2 A% 2
B~y 1 15080 o\ (P2 L P2 —2% (Fi+F)

dQZdtd(cos8)de  2ms2 —t  sin2g 4M?

@ Interference with Timelike Compton Scattering
dGYP

___donr

dQ?2 dtd(cos 9) do ~ > ”

agn Vot /1 1+cos®6

— o AL VI (005 9 LS00 Y Re [ Fyot —(Fy + Fo) 2 Ww

where {7, 7.}, t) = [, dx T(x,n){H,H,E}(x,n,1)
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R
First results for oPP® and oFbP

7TeV p on Pb ($=0,02=4 GeV?,1=—0.1GeV? )

1000} "~ INT ]
so0b — TCS B
IS B-H _ B -
>
3 B
= 100 - E
o
T S0F B
o
=
=3
= 10f E
St 2.76 TeVPb on p ($=0.0%=4 GeV?,t=—0.1GeV? )
T . 7 :
‘ ‘ ‘ oo ‘ oo 1
1
-2 -1 0 5000 2 — TCS b
Yems g B-H
>
©  100F - 1
=
= soF B
o
3
3|z
= 10p |
E
sL 1
1 L L L \\ L 1
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Inelastic photoproduction of J/y via UPC
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One exotic illustration of the potentialities with UPC

Inelastic photoproduction of J/y via UPC

proton, 7TeV
I/, ..

Remember that,

for a coherent photon emission (Z2 fact.), / Nuceus
W3 can be as high as 25 GeV L "

100 n - - 1000 " - -
direct g y -> J/psi+ g via UPC p-Pb direct g y -> J/psi+ g via UPC p-Pb
10 CTEQ 6L1; m =1.4 GeV; LDME=1.45, central scale: 100 CTEQ 6L1; m¢=1.4 GeV; LDME=1.45, central scales
< 1 10
) g 1
3 0.1 S
< 5 0.1
& 0.01 2
x 2 0.01
= 0.001 5}
3 S 0001
5]
° 0.0001 0.0001
1le-05 le-05
1le-06 1le-06
0 1 2 3 4 5 6 7 8 9 10 -4 -3 -2 -1 0 1 2 3 4
Pr(Gev) Yems=Yiab-4-8

Disclaimer: these numbers suppose a dedicated trigger and are preliminary
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Conclusion and outlooks

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 24/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



-
Conclusion
@ Both p and Pb LHC beams can be extracted without disturbing

the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.
@ Dilepton production can be measured & used as a luminosity monitor

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.
@ Dilepton production can be measured & used as a luminosity monitor
@ Interference with TCS is likely measurable — access to GPDs

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.
@ Dilepton production can be measured & used as a luminosity monitor
@ Interference with TCS is likely measurable — access to GPDs
@ More (semi-)exclusive observable to be studied

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.
@ Dilepton production can be measured & used as a luminosity monitor
@ Interference with TCS is likely measurable — access to GPDs
@ More (semi-)exclusive observable to be studied
@ A wealth of possible measurements:
Quarkonia, DY, Open b/c, jet correlation, UPC... (not mentioning
secondary beams)

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.
@ Dilepton production can be measured & used as a luminosity monitor
@ Interference with TCS is likely measurable — access to GPDs
@ More (semi-)exclusive observable to be studied
@ A wealth of possible measurements:
Quarkonia, DY, Open b/c, jet correlation, UPC... (not mentioning
secondary beams)
@ LHC long shutdown (LS2 ? in 2018) needed
to install the extraction system

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 25/27



R
Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec
@ This allows for high luminosity pp, pA and PbA collisions at
v/s=115GeV and /syy = 72 GeV
@ The likely absence of pile-up gives us confidence that we
can perform a range of exclusive and semi-exclusive studies.
@ Dilepton production can be measured & used as a luminosity monitor
@ Interference with TCS is likely measurable — access to GPDs
@ More (semi-)exclusive observable to be studied
@ A wealth of possible measurements:
Quarkonia, DY, Open b/c, jet correlation, UPC... (not mentioning
secondary beams)
@ LHC long shutdown (LS2 ? in 2018) needed
to install the extraction system

@ Very good complementarity with electron-ion programs
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do first simulations (we are starting fast simulations)

think about possible designs

think about the optimal detector technologies

enlarge the physics case

(cosmic rays, flavour physics, ...)
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@ We are looking for more partners to

do first simulations (we are starting fast simulations)
think about possible designs
think about the optimal detector technologies
enlarge the physics case

(cosmic rays, flavour physics, ...)
Webpage: http://after.in2p3. fr
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Further readings

Hadronic production of = at a fixed-target experiment at the LHC
By G. Chen et al.. [arXiv:1401.6269 [hep-ph]]. Phys.Rev. D89 (2014) 074020.

Quarkonium Physics at a Fixed-Target Experiment using the LHC Beams.
By J.P. Lansberg, S.J. Brodsky, F. Fleuret, C. Hadjidakis. [arXiv:1204.5793 [hep-ph]].
Few Body Syst. 53 (2012) 11.

Azimuthal asymmetries in lepton-pair production at a fixed-target experiment using the
LHC beams (AFTER)
By T. Liu, B.Q. Ma. [arXiv:1203.5579 [hep-ph]]. Eur.Phys.J. C72 (2012) 2037.

Polarized gluon studies with charmonium and bottomonium at LHCb and AFTER
By D. Boer, C. Pisano. [arXiv:1208.3642 [hep-ph]]. Phys.Rev. D86 (2012) 094007.

Ultra-relativistic heavy-ion physics with AFTER@LHC
By A. Rakotozafindrabe, et al. . [arXiv:1211.1294 [nucl-ex]]. Nucl.Phys. A904-905 (2013)
957c.

Spin physics at A Fixed-Target ExpeRiment at the LHC (AFTER@LHC)
By A. Rakotozafindrabe, et al. .[arXiv:1301.5739 [hep-ex]]. Phys.Part.Nucl. 45 (2014) 336.

Physics Opportunities of a Fixed-Target Experiment using the LHC Beams
By S.J. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberg. [arXiv:1202.6585 [hep-ph]].
Phys.Rept. 522 (2013) 239.

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 27127



Part IV

Backup slides

J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014 28/27



Backup slides

UPC with atoms ?

Should we care about electron screening in process at the GeV scale ?

. in some experimental situations one of the
colliding partners can be a neutral atom. Then the
screening effect should, in principle, be taken into
account. Recently the screening effects in free elec-
tron—positron pair production were studied in Refs.
[7:9]. The conclusions made by these authors are
quite opposite. Bertulani and Baur [7] claimed that
for collisions with neutral target atoms the screening
effect is very important for lower energies of the
projectile nuclei and decreases in importance for
higher energies. They had also found that when the
screening is present the cross section for free elec-
tron—positron pair production will always be smaller
by at least a factor of 1.5-2 also for very high
projectile energies (y < 10°, v is the Lorentz factor
for the projectile). In contrast, Wu et al. [9] have
concluded that the screening effect becomes more
important when the projectile energy increases. They
have found that the screening effect becomes of
considerable importance only at extremely high col-
lision energies. For example, it follows from their
calculations that in Au™*+ Au’ collisions the
screening reduces the cross section for free pair
production by modest 4.5 percent at a collision
energy of E =200 GeV /nucleon and by 31.4 per-
cent at a collision energy of E =200 TeV /nucleon.

UPC studies with AFTER@LHC

15 May 2000

ELSEVIER Physic

PHYSICS LETTERS A

Screening effects in electron—positron pair production with

capture in ultrarelativistic collisions

A.B. Voitkiv ', N. Griin“, W. Scheid

Our calculations show considerably larger screen-
ing effects in the bound—free pair production than it
was found in [9] for free pair production. For exam-
ple, Wu et al. [9] obtained in their perturbative
calculations that in collisions of 200 GeV /nucleon
Au”* projectiles with Au target the screening effect
reduces the cross section for free pair production just
by 4.5 percent. Our calculations for the bound—free
pair production in the same collision system show
that the screening reduces the bound—free pair pro-
duction by about 16 percent. The reason for such a
considerable increase of the screening effect for the
bound—free pair production compared to the case of
the free pair production can be attributed to the fact
that the process of free pair production involves
larger momentum transfers because both positron
and electron are in continuum states.
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The beam extraction

@ Inter-crystalline fields are huge

Ge (110), 450 GeV protons
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@ The channeling efficiency is high for a deflection of a few mrad
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The beam extraction

@ Inter-crystalline fields are huge

Ge (110), 450 GeV protons
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@ The channeling efficiency is high for a deflection of a few mrad
@ One can extract a significant part of the beam loss (10%p*s™1)
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The beam extraction

@ Inter-crystalline fields are huge

Ge (110), 450 GeV protons
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@ The channeling efficiency is high for a deflection of a few mrad
@ One can extract a significant part of the beam loss (10%pts~ ")
@ Simple and robust way to extract the most energetic beam ever:
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Beam extraction

¢ Beam extraction @ LHC

there are extremely promising possibilities
to extract 7TeV protons [rom the circulating
beam by means of a bent crystal.

The idea is to put a bent, single crystal of either
Si or Ge (W would perform slightly better but
needs substantial improvements in crystal quality)
ata distance of ~7¢ to the beam where it can inter-
cept and deflect part of the beam halo by an angle
similar to the one the foreseen dump kicking sys-
tem will apply to the circulating beam.

«++ions with
the same momentum per charge as protons are

deflected in a crystal with similar efliciencies

UPC studies with AFTER@LHC

Available online at www.sciencedirect com

@ NI B

ELSEVIER Nuclear Instruments and Methods i Physics Research B 234 (2005) 31-39

Strong crystalline fields — a possibility for
extraction from the LHC

E. Uggerhoj, U.I Uggerhoj *

Departmen of Physics and Asiremomy, University of Aarhus. Ny Minkcgade, Aarlus C DK-5000, Denmark

Received 9 Septennt
As

If the crystal is positioned at the
kicking section, the whole dump system can be
used for slow extraction of parts of the beam halo,
the particles that are anyway lost subsequently at
collimators.
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A few figures on the (extracted) proton beam

@ Beam loss: 109 pts!
@ Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
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@ Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10"p*

@ Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
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A few figures on the (extracted) proton beam

Beam loss: 10° pts—!
Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10'4p*

Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
@ Extracted “mini” bunches:

o the crystal sees 2808 x 11000 s—' ~3.10” bunches s’
e one extracts 5.108/3.107 ~ 15p* from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,
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e one extracts 5.108/3.107 ~ 15p* from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,

Extraction over a 10h fill:

e 5x108pt x3600sh™ ' x10h=1.8x10"3p" fill "’
e This means 1.8 x 10'3/3.2 x 10'* ~ 5.6% of the p* in the beam
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A few figures on the (extracted) proton beam

Beam loss: 10° pts—!
Extracted intenSity: 5x 108 p+371 (1/2 the beam IOSS) E. Uggerhaj, Ul Uggerhoj, NIM B 234 (2005) 31
Number of p*: 2808 bunches of 1.15x 10" pt =3.2 x 10'4p*

Revolution frequency: Each bunch passes the extraction point at a rate of
3.105 km.s™' /27 km ~ 11 kHz
@ Extracted “mini” bunches:

o the crystal sees 2808 x 11000 s—' ~3.10” bunches s’
e one extracts 5.108/3.107 ~ 15p* from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,

Extraction over a 10h fill:

e 5x108pt x3600sh™ ' x10h=1.8x10"3p" fill "’
e This means 1.8 x 10'3/3.2 x 10'* ~ 5.6% of the p* in the beam
These protons are lost anyway !

@ similar figures for the Pb-beam extraction
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The beam exiraction: news

Goal : assess the possibility to use bent crystals as primary
collimators in hadronic accelerators and colliders

beam beam
—_— _—

Bent-crystal
A solid state primary as primary
collimator-scatterer collimator

UAZ installation in the SPS

Prototype crystal collimation system at SPS :

* local beam loss reduction (5+20x reduction
for proton beam)

* beam loss map show average loss reduction
in the entire SPS ring

* halo extraction efficiency
70+80% for protons (50+70% for Pb)
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[ S. Montesano, Physics at AFTER using| Goal : assess the possibility to use bent crystals as primary
LHC beams, ECT* Trento, Feb. 2013] collimators in hadronic accelerators and colliders
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The beam exiraction: news

[ 5. Montesano, Plhysics at AFTER using| Goal : assess the possibility to use bent crystals as primary
LHC beams, ECT* Trento, Feb. 2013] collimators in hadronic accelerators and colliders

LUA9 future installation in LHC

L S
Prototype crystal collimation system at SPS : Towards an installation in the LHC : propose and

* local beam loss reduction (5+20x reduction install during LS| a min. number of devices
for proton beam) * 2 crystals
* beam loss map show average loss reduction
in the entire SPS ring Long term plan is ambitious : propose a collimation
* halo extraction efficiency system based on bent crystals for the upgrade of
70+80% for protons (50+70% for Pb) the current LHC collimation system

(IPNO, Paris-Sud UPC studies with AFTER@LHC June 4, 2014 33/27



Backup slides

Simone Montesano - February 11th, 2013 - Physics at AFTER using the LHC beams

Crystal resistance to irradiation

(Biryukov et al, NIMB 234, 23-30):

70 GeV protons, 50 ms spills of
several minutes irradiation

equivalent to 2 nominal LHC bunches for 500 turns every 10 s
5 mm silicon crystal,
(Biino et al, CERN-SL-96-30-EA)

450 GeV protons, 2.4 s spill of 5 x 10'2 protons every 14.4 s, one year
irradiation, in total

Deflection efficiency (%]

equivalent to several year of operation for a primary collimator in LHC

10.0 12.0 14.0 16.0 18.0
10 x 50 x 0.9 mm3silicon crystal, 0.8 x 0.3 mm? area irradiated,
Vertical position on the crystal [mm]

(HiRadMat facility, November 2012) incident beam

440 GeV protons, up to 288 bunches , 1.1 x 10" protons per bunch
[¢ in total)

energy deposition comparable to an asynchronous beam dump in LHC

deflected beam

3 mm long silicon crystal,
, more tests planned to assess possible crystal lattice damage

and residual dose 5 mm Biryukov et al, 0
— NIMB 234, 23-30

S. Montesano (CERN - EN/STI) @ ECT* Trento workshop, Physics at AFTER using the LHC beams (Feb. 2013)
J.P. Lansberg (IPNO, Paris-Sud U.) UPC studies with AFTER@LHC June 4, 2014
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