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LHCb Detector

= Single arm spectrometer in the forward direction

= designed for b-physics — but capable to address many other topics ...
= fully instrumented in its angular acceptance

= forward and backward coverage for asymmetric beams

[JINST 3 (2008) So8oo5]  RICH detectors AL ST 0
[ IJMPA 30 (2015) 1530022 ]  K/m/p separation W identification E(“_;“) ~97 %,
E(K—>K) ~ 95 0/0, mis-ID E('I'[—>p) ~1-3 %
is- K)~ 5 0/| ==
Vertex Detector I S o |
reconstruct vertices <

decay time resolution: 45 fs
IP resolution: 20 pm

Tracking system Calorimeters

SCIIING POLER 4 11 Aplp = 0.5%-1.0% ely identification

(5GeV/c—100GeV/c)  AE/E = 1% @10 %/VE (GeV)
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M Fixed Target Physics with LHCb

SMOG : System for Measuring the Overlap with Gas

“pump” valve  Flow to VELO  Pirani gauge

injection of gas into
iInteraction region

Ao : | = very simple robust system
R — & =l o B . BRIVl - used for a precise luminosity
leak detector e g e f PV501 ) )

| determination

High pressure
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High pressure

bypass” valve
yp volume

PV502
-

“HP” valve

To high pressure

Neon hottle

SMOG can be used for fixed target physics:

» Filling scheme and precise vertexing allows to separate beam-beam and
beam-gas contributions

» strong acceptance effects as a function of the z-position
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M Experimental approach

= LHCb can make valuable contributions to the study of proton —
nucleus and nucleus-nucleus collisions in the forward region with
a precision not accessible to other experiments.

= Experimental approach:  CNM effects QGP

Colliding beam mode s =

p
5/ 8TeV

110 GeV
Fixed target mode = ’

> Infixed target mode energy densities are achieved which are between those
probed at the SPS and RHIC.
> The gap between the SPS and RHIC can be bridged by a single experiment
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% Physics Motivation for pA studies

> Study of pA collisions important for HI physics

= pA collisions important as a reference sample for heavy ion collisions,
but also interesting by themselves.

- ExampleS: ~ 105t [IILHCH 2<iy1i<5 [__JRHIC
lyLabl<2.5
1. Constrain nuclear PDF in e.qg. Z-boson Z production /7
production in two different x-Q2 regions Vw =5TeV r &
» Complementary measurement to Fonwird
ATLAS and CMS ;

2. Particle correlations to probe collective
effects in the dense environment of high

F / /! % A . '
CJ ; ; . . / 4
.

energy collisions -

10 105 104 103 102 107!

» LHCb caninvestigate at forward rapidity
the long-range correlation (ridge) on the near side, first observed in pp (pPb & PbPb)
at mid-rapidity
3. Associated Heavy flavour production in pPb to probe Multiple Parton Interactions
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Results from proton lead
collisions



M Setup for Proton-lon physics

Rapidity coverage

) Pp: 2<Yy<5
P ‘ 1| | Forward production
“h|||||\\ I Y =0.47inlab
-y pPb: 1.5<Y < 4.5
= Data taken in 2013: ~1.1/nb
Pbp Backward production
y =-0.47in lab
Pbp: -5.5 <Yy <-2.5
o W |.|l| : ,,. Data taken in 2013 ~0.5/nb

« Common range for measurements: 2.5<|y| < 4
= Center-of-mass energy: +/syy =5TeV
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M J/W and Y (2S) forward-backward ratio

| Rep () = Z—G% determined in common range 2.5 < |y| <4.0
o,,/dy

= Part of experimental and theoretical uncertainties cancel

—4— Inclusive w(25) e . EPSI NLO —— Inchusive w(25)

EP509 LO —— Inclusive J'y -

EP500 KLO
nD5z LO

— E loss
N LHCh
E. loss + ERSO0 WLO pFb _IIE =5 TeV

—— Inclhosive Sy
P- ' 14I::TE1;:-F E s + EPSIE ML .-I':; -.-I b -1'|:=

= Large experimental uncertainties
—> more statistics needed to get a trend (R.; of inclusive Y(2S) compatible
both with unity and with suppression of inclusive J/\)
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JIY and ¥ (2S) modification factor

L) = 1 do,,/dy | - determined in overlap region 2.5 < |y| < 4.0
i A do,,/dy | . Jpp cross-section in pp collisions at 5 TeV from

|nterpolat|on of measurements at 2. 76 7 and 8TeV

+ LHCh, inclusive ywi25)
—EE— LHCh, inclusive J'w
—&h— ATICE, inclusive w(25)

Prompt Y(2S) more suppressed than prompt J/

Energy loss + shadowing don’t explain the Y(2S) suppression in the backward
region. Do other mechanism play a role ?

Suppression of Y(2S) from b consistent with that of J/y from b

Suppression of inclusive Y(2S) consistent with ALICE results
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M Y (as)— production: CNM effects

= Measurement of R, and R with Y(1S) complementary to J/W
(probing different x,)

| HCb

—8— LHCD. Y( - e .- —@— LHCD, Y([15)
E.loss+EPS00 NLO LHCD, Y({15) E.l0ss+EPS09 MLO or Promot

- )
al —— vpis) =~ . Prompt Jiy
PTOMPt &Y  —A— LHCD, Jiy from b Prompt /'Y —“— LHCD, J'y from b

ol —— Y(15) —=— LHCD, Prompt Jiy

= Cold nuclear effects are also visible with ¥ (1S) production
» Suppression in forward region smaller than for J/W
» Possible enhancement in backward region due to anti-shadowing
» Good agreement for prediction with energy loss and shadowing (EPSog NLO)

Burkhard Schmidt QCD @ LHC , Zurich August 22-26, 2016 12



M Prompt D° modification factor

= DOcross-section in pp collision at v/s = 5 TeV extrapolated using LHCb
measurements at 7and 13 TeV.

> pp data at /s = 5 TeV are being analyzed, will be updated soon

y limi LHCD prelimi
LI pei sy i plmines
|PNNT S (7] CTEQ6M+EPS09NLO NNTY T
Backward QM+ ) Forward

—+— LHCb LHCb preliminary
CTEQSM+EPS09NLO PPb s =5 TeV

—+— LHCb
{55 CTEQ6M+EPS09NLO

> No strong p; dependence of the D° modification factor R,
> Nuclear modification factor smaller in forward region (pos. rapidity)
> Measurements consistent with theoretical predictions from CTEQ6M+EPSogNLO:
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M Prompt D° forward-backward ratio

= For Ry part of experimental and theoretical uncertainties cancel
= No need of pp reference cross section

LHCb preliminary 2 LHCb preliminary

PFD Sy PFD Sy

— stat. uncert. —+ stat. uncert.
[ ]total uncert. [ ]total uncert.
CTEQ6M+EPS09NLO CTEQ6M+EPSO09NLO

> Significant production asymmetry in forward-backward samples

> No strong pr dependence of R

> Asymmetry more pronounced for larger rapidity

> Measurements consistent with theoretical predictions of CTEQ6M+EPSogNLO:
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LD e particle correlations in pPb and Pbp

Measurement of angular (An,A)-correlations of prompt charged particles

Low activity (50-100%)

T T
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> In high activity events, the near side ridge (Ag=0) is clearly visible
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Two particle correlations in the FW reqgion

Gl5<p < 10GeVie 10<p <20GeVie 20<p < 30GeVie

LHCH

1. Study the evolution of the long-range cor- . s Tev
relations by calculating projection of A in =l 3 Ty, | T Y e
? Rt O Ph+p data

the range 2.0 <n < 2.9 (exclude jet peak) | I

= Subtract the zero yield at minimum (ZYAM) - Coru=283 ;:1: Crrnd3 @B | Coud 18 420
- o an=t01 ¢ ] Loy an=0. 70 (Pl v asa=0-21 (Phep)

S0-1005%

» Correlation yield increases with event activity
» On the near side, the second ridge emerges with o P

a maximum in the range 1< pr < 2 GeV/c 2 057 ¢ 378 Gy =0 EL (p+Pb) T Cpy =23 (p+Ph)
» Near side is more pronounce in Pbp than in pPb D gap| “en TR GrasLIAFH 3 G020 R

= 005

= 005

2. Compare absolute activity classes

- e P
AR

%015

Event activi

» Near-side ridges in both hemispheres are
compatible in strength!

< 0.10

— 005

LHCh {50 =5TeV 1L.0<p <2.0GeVic 000 P
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Lo =142 (pePbd T Gy, =033 (p+Fh)
S0 Pespd I C =040 (Fb+p)

- 6 (Ph4p) 9 3% (Ph4+p) —1.54 (Ph4D) T "X AL ottt
Coyan=1.16 (Pb+p) Cory s Y Cryan=1.38 (Ph+p) Cryan=1.54 (Ph+p) T 010 .
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Prospects for
Heavy lon physics with LHCb



A | o d-lead collisions in LHCb

= First participation in PbPb running in Nov/Dec 2015
= 24 colliding bunches; integrated luminosity ~5 / ub

= all inelastic interactions recorded with minimume-bias trigger,
no global event cut = important for centrality determination

e

Event 1755501
Aun 168926

PbPb collision with a J/ candidate
in 1130 reconstructed tracks
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M Frist look at centrality determination

= Use quantity which doesn’t saturate for centrality measurement
» Energy deposition in the electromagnetic (ECAL) / hadronic (HCAL) calorimeters

seems to be a good centrality estimator
> First step: Event classification in terms of ECAL activity classes

Tracking may be possible up to 15’000 clusters in VELO
-~ 50-60% ECAL event activity class

Entries [a.u.]

40 60 ) 5 10 |15 20 25
Ecal Energy [TeV] Number of Velo Clusters

50-60%
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M Coherent photoproduction of J/ in PbPb

= Also ultra peripheral collisions are of great interest

» QED with extreme field-strength and large cross-sections
Events containing only 2 long tracks in the spectrometer

LHCb preliminary

0 E-LHCb preliminary s = 5 TeV

— _ = r
Sy =2 TeV

[
=
::;._

¥
b,
=
<
(v #]
|-
1]
(=9
[ #]
L
—
o
=
=
=
@
!

Candidates per 0.008 (GeV/c)

3100 3200 3300 _. ). 2 0.3 0.4 1
M(up) [MeV/icT] p:} (up) [(GeViey]

= Very clean signature with very soft transverse momentum spectrum
= Ongoing studies will benefit from new high rapidity HERSCHEL detector

= rapidity coverage5<n<g
= Possibility to define large rapidity gaps
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M Fixed Target physics with SMOG

= J/U production in pNe collisions and in PbNe collisions

—
N
o

LHCb Preliminary
Pb-Ne Collisions

LHCb Preliminary
p-Ne Collisions

—
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dimuon invariant mass (MeV/c?)

9500 3000 3100 3200 3300 3400 3500
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= Astrophysical interest:
= Measure o (p He — p X) to clarify
uncertainty on secondary production
of p inthe interstellar medium

= Many other interesting measurements
possible

5 10 50 100
Kinetic energy T [GeV]
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% Summary and Conclusions

= LHCb participated successfully in proton-lead run in 2013

= Measurement of J/y, Y(2s), Y and D° and Z-production
— cold nuclear matter effects visible

= Limited by statistics — benefit from larger data samplesin Run I

= LHCb physics can cover pp, pA, and AA interactions
= Rich program in heavy flavour physics, EW and (soft) QCD
= We have collected a small sample of PbPb collisions in December 2015
= We hope to enhance statistics for pPb by a factor 10 this year

= LHCb s in the unique position to do also fixed target physics
= Exploit the SMOG system with different noble gases
= Bridge the gap from SPS to LHC physics by a single experiment

> LHCb is truly a “"GPD" in the forward direction
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LA |11y & 1)(2S) production in pPb collisions

= Prompt J/ip and J/i from b are extracted by simultaneous fit
of mass and pseudo-propertime:t,= (Z;, — ZPV) xM,,, | p

) % -40<y<-as ]
A P SRLLEEl M ass distributions:
: : - Signal : Crystal-Ball fct.
-Bkg: exponential
- red line: sum of all contr.

: | T T T T T T T T T | T T T T
:_[a} 25<y<3.0
= LHCb P, <14 GeVic
- pPb{Fwd) ||I’S_~"= 5TeV 1

(2] = o [=1] =l

=] L= L= L= =]
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-
=
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TTTTTTT

;njonl ‘ Ha"o*s—b‘_-"’ 3100 3150 ézlu; tZ distributions:
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Pbp ™ v e
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suoy g PrelaceVe s expo. for b-component

E p wd) Sy, =5 Te E L .

I | ill - Bkg: empirical function

from sideband

==
=
o

E T T T T T T T I T T T T
§ [c) 25< y< 3.0

= LHCb i p, < 14 GeVie
£ pPb{Fwd) |s,, = 5 TeV

—
o
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Candidates / (0.2 ps)

blue line: prompt J/y
black line: J/ from b
Green hatched: comb. bkg

red line: sum of all contr.
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M Y (2S) relative suppression wrt J /i

= Relative suppression is calculated as:

T

o (5 TeV)

—&— LHCb, prompt w(25)
—— LHCb, w(25) from b
-4 2 0 2 4

[JHEP 1603 (2016) 133 ]

Incluzive Wils)
-2 i 2 4 I
[ ALICE: JHEP 12 (2014) 073 ] J
[ PHENIX: PRL 111 (2013) 202301]

Intriguing stronger suppression of prompt Y(2S) than that of prompt J/y
Expect similar suppression for Y(2S) from b and J/y from b

— R compatible with 1 within large uncertainties
Results for inclusive Y(2S) compatible with ALICE measurement
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M Z-production in proton-lead collisions

> muon selection: p;>20GeV/c;2.0<y< 4.5 ; 60 < M(U*) < 120 GeV/c?

> backgrounds:  very small, purity>99% determined from data

LHCb
pPb s,y =5TeV

dederd

LHCb
pPb ys,, =5TeV

forward

U Q
~— —
> >
L) L)
@) Q
o o
~ —~
7] 7]
Q Q
= +~—
2] o]
= =
= =2
= =1
o @]

_ [GeV/ C’]

[GeV/ C~]

Clean signals: 11 forward-candidates and 4 backward candidates,

> Forward: Ozt u) = 13- 5*54 (stat.) £ 1.2(syst.) nb
> Backward: oy, =10. 7+8 4 (stat.) £ 1.0(syst.) nb
Looking forward to 10x the statistics in Run |l
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M Prospects for 2016 pPb run

= Plan to do fixed target studies during pPb run at /s = 5 TeV
= Requested L, . of 20/nb at /sy, ~ 8 TeV,
» shared between both beam configurations pPb & Pbp

Channel 2013 yields Yields expected in 2016
with 20nb ™!

T(3S) = putu~ - 300

Y(2S) = ptp 500 10000

Z — utp 12 250
Associated J/¢ — D production — 100
Drell Yan — 1000

> Statistic would allow to achieve same precision on Ry in Y(25S) as for J/y

> Measurement of R ;,,, for all upsilon states, includingY(35)

> Improved precision on Z-production = constrain nPDF

> Associated HF production in pA to study single- and double- parton scattering
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E@@% J/Y over Drell-Yan measurement

>
AARANNY >

EPS09
nCTEQ15 >

Energy loss

Figure 3: Double ratio Rg’{,g ¥ in p-Pb collisions at /5 =
5.02 TeV for the various nPDF sets and in the coherent energy >
loss model.

>

Burkhard Schmidt

Quarkonium production data so far not
precise enough to distinguish between
various CNM models (shadowing / e-loss)

Double ratio has been proposed as a
powerful measurement to disentangle
between shadowing and e-loss models

LHCb is ideal for this measurement:
» Optimal acceptance

» VELO detector capabilities permit to decrease
significantly the background from bb production

Many systematic effects cancel in the
ratio = higher precision

Projections with 20/nb :
— 1000 Drell-Yan candidates
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