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_ AFTER@LHC and |ts phy5|cs '
= A proposed fixed-target exper|ment using the muIt| TeV

* - proton or heavy- ion beams of the LHE .« - olpl
. » Physics domains _~ .. 1Xgl =
~ «_ Frontier of. high- xF partons in nucleon and nucleus R | cm.senergy @
s Unravellf the nucleon spin . - | DR | 115 GeV
* Nuclear matter in new rapldlty and energy domalns |
. > Assets | . | . -
| '.- Achieving high luminosities. % WL . E
Varymg different targets allhost at will - | cmsenersy ©
Polarlsmg the target - . e -
Accessmg the high x partons* ! St @

AII these can be realised at the LHC in a parasitic mode,

B without affectlng the performance of the LHC!
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b e.m.s Lc;re.ntz boost
- .| Beam energy |energy/syy= | v =+syw/(2my) | Rapidity shift
A T, 1/2"711\]E'p

M 7 TeV p beam 115 GeV
2 76 TeV Pb beam 72 GeV

> J/Snn betuleen SPS and RHIC and hlgh Ium|n05|ty

+ Allow, for the first time, for systematic studies of bottomonia
‘and-studies of W clgse to the threshold in fixed- target modes ]

> ngh boost between c.m.s and Iaqurames
Forward hemlsphere (Yems, S 0) iS |\W|th|n 0 gelab <1
LHCb and the ALICE muon arm Hadron center-of-mass system Target rest frame
detect backward phy5|c,s

(ycm S. < O) ’
v"*Access to high x, (target),
- large angle in laboratery

2018/7/7 i - . ZhenweiYang Tsinghda University . - . . (0 s P | T 4



| |/ ALICE (Fixed Target)
| ALICE (Collider)
B LHCb (Fixed Target)
LHCb (Collider)
8 PHENIX (Collider)

¥ STAR (Collider)

Center—of—mass rapidity

> With 7 TeV proton beam e e .
> Acceptance corresponds to a vertex posmon at the nommal Interactlon Pomt
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Phy5|cs motlvatlon' hlgh-xF frontler

> Advance our understandmg of hlgh-xF gluon i S
| anthuark and heavy-quark contents in the e Dy e et 1.0
~nucleon and nucleus A ~ &
. Very large uncertalntles of PDF for xx > 0.5

v Could btssentlal to possible dlscoverles of New

-

Relative Gluon-Gluon luminosity
as a function of the produced-system ($) mass

APFEL 2.4.0
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Physics#Beyond the Standard Model
-+ Origin of the EMC effect in nuclei
| \/Study of a p055|ble gluon EMC effect is cruaal
-« Passible non-perturbative source of ¢ dnd b-in protons
v Important for HE neutrino and cosmlc ray physicsy

- .Search and study rare proton fluctdations where orfe
- gluon carries most of the proton momentum *

v Test QCD in a new limit unexplored.so-far

*

Uncertainties at high x; could be largely reduced

l by measurements from AFTER@LHC
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Phy5|cs motlvatlon° unravellng the nucleon spln

+

-

|« Gluon Spin Gluon angular momentum

- > Advance our understandlng of dynamlcs and Yoo BN - Quark spin - Quark Angular Momentum |
~of gluons and quarks inside (un)polarlsed nucleons

* Possible missing contribution to the proton spin:
-Orbital Angular Momentum (OAM), £, and £,

First hint by _
+ AG + £ + 1: COMPASSthatL ¢O

~+ Access information on orbltal motion of*partons |n5|de |
‘bound hadrons via Slngle Spin Asymmet}y measurements
v Sivers effect = - ' . > iy "
. Test TMD factorisation framework ak
- v'Sign change of 4 between SIDIS and Drell- Yan

~+ Determination of the linearly polarised gluons
.o in unpolarlsed protons (Boer-MuIders effect)

4+
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Phy5|cs motlvatlon heavy ion coII|S|ons

> Heavy |on coII|5|ons towards | = | pre—
Iarge rapldltles e . i '*" : ' v RHIC Experiments
_+ A complete set of HF studles o 2|

between SRS and RHIC energles |

v Needed allbrate the quarkonlum
e thermo eter:

. A ¢<zs) Xo Y. D I/Wrom b,.

- Future NICA Experiments
Future FAIR Expriments

900 MeV
Baryon Chemical Potential .

1 - — 3 . . : .. ‘. ’
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Phy5|cs motlvatlon heaw ion coII|5|ons

e Heavy |on coII|S|ons towards Iarge rapldltles

~« Test the formatlon o} aZ|mqthaI asymmetrles.
hydrodynamics vs initial-state radiation

Explore th ngltudlnal expansion of QGP

formation . o
~ vProbe T. dependence of the shear V|sc05|ty to -
- entropy density ratio (n/s) | R (7/ (< + P))(T) = 0.08 +a(T — No(Te —T) + b(T — T)A(T T
. Test the factorisation of cold nuclegr méatter | . SDNCG-MUSIC =02 —
EffECtS fl"Om +.A to A + B CO"'SlonS B + 3DMCG+MUSIC Tdep 20-2
’ p | e g e l .

; -

Au+Au 200GeV 10-20%
pt>0.15 GeV

' B. Schenke, talk at QM2015 '
¢4 -B. Sehenke et aI Phys Rev Lett. 116 (2016) 212301
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P055|ble |mplementat|ons

* :

?f >Interna| (gas o] d solld) target + eX|st|ng detector

(Un)polarlsed,gas tal‘get + fuII LHC beam'°

~+’Internal wire target mterceptlng the falnt beam han .

< Interndl solid (polarlsed) target + beam spllttlng by
- bent-crystal -

>Beam extraction by bent crystal
. New beam line + new detector 4%

+

: S|m|Ia,r Ium|n05|t|es W|th an _mternal gas target or a bent crystal implénientati_o’n

Bl A single-year luminosity is similar to the nominal LHC luminosity, '.
l and much larger than those at SPS or RHIC
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Internal ER target LHCb SMOG

> System for Measurlng Overlap with Gas (SMOG)
- Inltlally deS|gned for precise Ium|n05|ty measurements |
.+ Noble gas injected |nS|de the beam vacuum at the interacting point .
-, + He(Ne, Ar) and Pb T Ne(Ar) tested completely parasitic - '
led to ALICE = ‘

e Could be ct
3 y

- VELO & SMOG

-

pical: mtegrated Ium|n05|ty Llnt

gcaL HCAL M5
SPD/PS ok _a=Y
17

--------

Gas target
(He, Ne, Ar)

LHCb, JINST 3 (2008) S08005 RICH1 it | ¥ r— " |
M. Ferro-Luzzi, NIM A553 (2005) 388 gplNiIFs N<44|3.0<n<50 ’ TR it :
. ALICE, JINST 3 (2008)%08002 _
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Internal gas target HERMES I|ke & Gas jet

+ . : E. Steffens, . B
> HERMES type system' Pt g . Adv. High Energy Phys 2015 (201.5) 453141,

“injecting gas in an open-end storage cell -
'+ Dedicated pumping system h|g11er pressure ,
. Polarised H' and DT with high polarisation” | Beam tube

: 'mP|¢men:tns are under study |
« Typical lu osity: L;,; ~ 10 fb~1 for p'+ HT :

el i3 ~100nb1foer+HT
-4 B 0% .~30nb1foer+Xe
> PoIarlsed H-jet polarimeter used at I{HIC* -

» To measure the proton beam polarisation - *

1.4 cmT

Polarised free atomic beam source (ABS) - | é
. Expected Integrated Ium|n05|ty over one LHC year
Vilini ~ 50pb1forp+HT" it Par
Larger values with unpolarlsed H2. target |
_2018/7/7 e : ) .+« Zhenwei Yang Tslnghua_Unlversity 0
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Beam spllttmg/extractlon usmg bent crystals

. ; . Crystal 1
standard colllmatlon crystal based colhma:on (ideally) w(;VSta\ | Illl‘ ‘ \ HIIII _ |

40— - i - .
" 30 (R | *. L) /

20 Target & Crystal 2
= 1m CFC absorber

10=
0

! crysta ‘
secondaries channeling

absorbers absorber -10
-20
-30 I A ‘
40

Crystal-based collimation | To beam extraction

Standard collimation today - UA9 (@SPS) - CRYSBEAM

- LUA9 (@LHC) (@SPS then LHC)

SN 1 il 1 1 1 1l 1) 1 1 1 1 1 1 1 1 | 5}
W. Scandale et al JINST 6 (2011) T10002 - AFTER@LHC ‘_’%00" T 23250 23300 -'_)3_‘: 23400 -2[3_4]50
. S|im

i

> Bent crystals EY used for beam ;olllmatlon

> Can be used to deflect beam halo at 7o dlstance to the beam |
. Beam extractlon civil engineering required, new facmty with 7 TeV proton beam ,
Beam spllttmg could be used.with existing experiment !

' > Typlcal luminosity over one year for.5 mm thlck targets

Lmt~03fb1forp+C (A = C,W)
~ 3nb1¥orpb+C(A C,W) - |
2018/7/7 Ci - -+ Zhenwei Yang Tsinghaa.University et . . (© s P | e, 13

e & A



2018/7/7

s

i "."
i

Zhenwei Yang Tsinghaa,Univel"sity o

e s A

Selected p.hjréics'brqjettibhs -

14



o Assumptlons of sen5|t|V|ty study
| > ALICE like detector 0

Sl LHCb I|ke detector i e
- .

e 115 GeV, L,nt(pH) =10 fb" 1/y
Swn = 115 GeV, Liy(pXe) 5 100 fb~1]y

o /Syn= 72 GeV; Lin(PbXe) = 30 nb~1/y
.+ Reference at e'energy:. -

v Lin(pH) = 250 pb~1
v L,m(pXe) =100 pb~1

L o* ,/SNN = 72 GeV, Lij,((PbA) = 1 6nb 1/y

i : AW + |

,/SNN}: 115 GeV, L-im(pA)'.:.a—, 40 pb~1/y .
: A=Corw

S '2<11<5' |

[TV AgE;

SRR

1y

——u] (f
3
B4
3
(X
=1
.7‘
T
=5
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3
o
3 ;
!
3
a1
0
I3

Precise \)ertei(ing, hadron ID, muon ID
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Bent cry's°t"al + internal solid, target:
Z~0+ ALICE- I|ke.acceptance
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1 > T d9pendence Of shear VIscos|ty to ;" | T [
' entropy density ratio n/s? g el

i

« A small data sample will allowfor a

2018/7/7
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Heaw |on phySICS' toward Iarge rapldltles

+ 3 : EPOS Pb+Pb @ SNN =72 GeV

—o— pion

—— proton
—=— antiproton

* One of the most fundamental properties of

QGP ’ .

- Still poorl understood : .

« Particle yields and azimuthal anlsotropy
coefficients v, measured at Iarge kapidijties

Pb+Pb \s\ = 72 GeV, centrality 20-30%

a re powerfUI tOOIS to n/s L5 ” \ i | 10 M events (100 M minimum-bias, Ldt ~ 14 ub™"

’

v, for identified hadrons

precision study of v, OVer a very broad + pon

raPldlty range Sk i

* antiproton

- *
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Heavy |on phySICS' toward Iarge rapldltles
+ L 10 Pble_\so 17? GeV o, AR
- > PreC|se quarkonlum studleS' ] /P and 1/)(25) § -.f.-::::.::::"“
-+ Probe large gluon x, in the target =+ A h ' i
! - Constrain gluon antlsI-radowmg, EMC effects and 8 :

- other CNM effects. with pA . .
. Study colo creening from QGP in AA
- Wide rapidity coverage with pr down to zero GeV

e e : . : 3.6 3.8 4
: '+ 'Full background simulations show very good - : o GV
prospects for all systems W|th LHCb I|ke - e e ae
. . : CN L,, = 250 pb’ o S
performances " 4 0. ; : 3 . Lp.ur:‘?f"{”] 1,1,,_“_:_1’()11111 ®Pb-Xe I(Pb-)Xe
« Y (25) measurement in-'PbXe with a statlstlcal 5 B -
uncertamty from 10-30% - | " | S |
G < +
, -
Nuclear modlflcatlon factor |
- (Ncoll>dN |
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Heaw ion phySICS' toward Iarge rapldltles

> Prease quarkonlum studies: Y(nS)

e Determination of thermodynamlc. propertles of
' QGP + CNM effectsawith ¥ (ns) in pp, pA and AA

e Search for phase transition with Y (nS)
suppressiagii as a function of y and system size -

+ .« Large Y (nS) yields in one LHC year of PbXe data RPN UL, 0 N |
+ . taking with LHCb- like performance : e

. Statlstlcal uncertalnty ~7% on RAAQK(L?))

AFTER@LHC s

I<Y <35
p!; > 0.7 GeVie

~ LHCb-like detector

per 40 MeV/c?

Counts

® Pb+Xe
mp+Xe

S/B T2S) S S/B T(3S)

1.33 x10° 29.0 pp | 2.92 x10? 8.2 pp | 1.37 x10?
1.39 x103 7.8 pXe | 3.06 x10? 2.2 pXe | 1.44 x10?
433 x10° | 1.8 x10°!  PbXe | 9.56 x10%> | 5.0 x107>  PbXe | 4.49 x10?

LHCb-like detector

3< Yip < 5  LHCb-like

Y(2S)
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High-x-frentier:- Drell-Yan

>, Unlque acceptance (with an LHCb-like detector) compared to eX|st|ng .
DY pA data used for nuclear PDF f|t .

> Extremely large yields up to'x, — 1 (OC S|mulat|on) varlous targets

> Potential im dact of DY measurements on nPDFs
> Slgnlflcant crease of the uncertalntles of u and d dlstrlbutlons

-

pected improvement
with AFTER@LHC

« FNAL-E866 T
= FNAL-E772 0.a LHCD-like detector | 04 LHCDb-like detector
03 04 05 06 07 08 09 1 0.0 0.1 0.2 0.3 0.4 i0.5 0.6 0.7 0.8 0.9 ot g 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
-like detector X, (per 0.10) _ x T
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ngh-x frontler' constralhlng gluoh nPDF

> Gluon nPDF at hlgh-x is among the Ieast known .

> Uncertainties could be 5|gn|f|cantly reduced by - . o |
; measurements at AFTER@LHC (e. g R,x:) B Yy e T

UF=Ho

e . S

lJII‘E’jl:I‘(]’Iﬂl | | . ;dggu%ggﬂnﬂﬁﬁﬁﬁﬂﬂ AR ‘g!g!gs.-lllllgni
: ' " " AN Eoel

p+Xe \/gNN=1 15 GeV
-1 -1
Lop=10 o, L y,=100 pb

___
e VALV AV
N

> LHCb Ilke

Original
Ur=Ho
up=2.0u,

Original EX Projected uncertainties +e-
Reweighted [7]

Nuclear. rr_ie,dificatiori factor
Rpn =
<Ncoll>dN

" i;n wu7" e e Pl

I e B
m

4797407/ ANNNNARARVARRE:
_____________________ B R IS

o
N
G
s
j=}
S
O
<
- B
<]
oo

HELAC—Onia 2.0

LHCDb-like detector

+

2018/7/7 Corl - . Zhenwei Ya.ng,. Tsinghtia University . . . (0 e P ; £ ; 20



) el

Spm phySICS‘ single transverse spm asymmetry

e > Thie smgle tra.nsverse spm asymmetry (STSA) AN N i
de inedas’ - el R B s rrnssiido
’AN = T T : $ : i =+ SIDIS
; EBh :Peff o' + o : . k ii.‘h
et eff. pol. P =0.8 Ba - MO
> The 4y was fdlcted to be small in the collinear [EEFHE NN —acshes
- pQCD approach at Ieadmg twist, but measured | &

+ tobe large at hlgh x in polarised coII|S|ons

> ADrell-Yan o' AFTER@LHC.will put strict - L 3
- constraints on the Sivers effect for quarks

> Ay for open heavy-flavour production gives, b o Sut e prcn
access to the Slvers effect {e] gluons oY s — & s ors)

p+p Vs=115GeV,L,, =10 fb"

ny)
\ . 0S5 04 -03 -02 -0.1 0
s /. ) RS ' : Xp
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| Summary o MAFTE
> A r|ch and umque phy5|cs program has been proposed witha

- fixed- target experiment at the LHC (AFTER@LHC) usmg the
- 'multi-TeV proton and ledd beams

Large-x frontiers, spin physics, and heavy-ion phyS|cs
c¢an-be rfsed in a'parasitic mode, W|thout affectlng the -

perform ce of the LHC .

; > Possible technical |mplementat|ons are dlscussed

- Beam extraction with bent crysta‘kcoupled to a solid target
- Internal gas‘target inspired from SMOG@LHCb/HERMES/RHIC

> PhyS|cs projection studies'with LHCbB-and ALICE-like detectors.'.

| > Review on physics case and pro;ected performances avallable
-(arXiv:1807. 00603) ' | 5 e
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- Typical kinematic reach in x, and the scale m;

pp sy = 115 GeV, AFTER@LHCb pp \Syy = 115 GeV, AFTER@ALICE (2=0)

bottomanium, p, < 8 GeV/c

charmonium, p_ <12 GeV/c
u from charm, 4 < pi <12 GeV/c

bottomonium, p, < 15 GeV/e
charmonium, p, <18 GeV/c
D meson, p_ <20 GeV/c

B meson, p. < 16 GeV/c

2<y-<5

2 <y <4 A

+ ’.
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: ‘ .dZ.N/d.y.dﬂB il’! the (”B»ycms) Pla“e

* ] .

Baryon chemical potential vs c.m.s. rapidity -
PbPb collisions at 72 GeV c.m.s. energy .
Centrality class : 20-30 %

Zhenwei Yang  Tsinghtia Univel;sity

26



2018/7/7

ILHC beam

+

| .
1 H atomic beam

y

feed tube

 (Q peammbe 5 )|

capillary

Zhenwei Yang Tsinghua_Univel;sity o

-

‘Target cell for polarised gas
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Internal ER target LHCb SMOG-   §

> System for Measurlng Overlap with Gas (SMOG)
;i In|t|aIIy deS|gned for precise Ium|n05|ty measurements
.+ Noble gas injected |n5|de the beam vacuum at the interacting point
*-p. + He(Ne, Ar) and Pb » Ne(Ar) tested, completely parasitic -

| iy Could be cfledto AI.]CE |

-

. > Current limjtation * ~~ VELO&SMOG

: No specific pumping system Yar ﬂ' Bl L0 NS
- Polarised gases cannot be used m o | WA =30 THIMTNCEERER ... N

-+ Gas-flows in the beam pipe

Gas target
Kr/Xe maybe only at end of runs (He, Ne, Ar)

= Ty o k 2 »‘ 4 .0‘ RICH1 | .
Typlcal integrated Ium|n05|ty Line ~ O (nb 1 3.0<7<5.0 |
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I4nte'rnal gas target HERMES( I|ke) system

. > Injectlng gas in an open -end storage ceII used e.g. for more |
‘than 10 yearsat DESY . . ' ' ¢ siciens

. -Adv. High Energy Phys PAOKAS (2015) 453141 -

P

-+ Dedicated pumplng system v
~ + Pressure r,the cell S|gn|f|cantly hlgher

. PoIarlsed "and D' can be injected
| balllstlcally with hlgh poIarlsatron

"« Possible for poIarlsed SHe"
‘or unpolarised heavy'gas (Kr, Xe) \

. Implementatlon at LHCb under study

Could be used in ALICE, most Ilkely very‘upstream of the current IP
v'May need complementary vertexing capabllltles

=

) | .' g Typlcal Ium|n05|ty Llnt 10 fb~ 1forp+H S

| | | SRRl U ~100nb1f~oer+H'
2018/7/7 Gk - .+ Zhenwei Ya.ng. Tsinghtia University . - _ 29



Gas-jet target

+ $ l
110X70 cm”2

> PoIarlsed H-jet poIarlmeter used at RHIC

.+ To measure. the proton beam po1ar|sat|on
Compact device g

« 9 vacuufhambers > 9 stages of dlfferentlal .
- pumpin ook - = "M@ @ —
e Polarlsed free atomlc beam source (ABS) , __ ""_'l'"‘l l'l """ '7 n.g -

> Expected Integrated Ium|n05|ty over one : i

LHC year i

mt-~50pb 1forp+H

‘. : +
+ e +

4
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