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Integrated luminosity, pb™

Run-II, 2015

 JloocHammenue nerekropHbIxX nmojacucrtem: TRD, PHOS, AD nerexrop

pp@13 TeV

4 - ALICE Performance, pp Vs = 13 TeV
“E MB triggers: L = 0.007 pb™
4E VO HM triggers: L = 1.508 pb
3,50 SPD HM triggers: L = 0.192 pb”
35 Dimuon triggers: L = 4.014 pb™
2.5F
150
5
0.5-
O: | ‘l.rJ_’_r—’

« MinBias: 600 M - 0.007 pb-!
*« VO HM: 123 M - 1.508 pb’!

« SPD HM: 109 M > 0.192 pb'!
« Di-p: 4.014 pb-!
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Integrated luminosity, nb™
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pp@5 TeV

L ALICE Performance, pp Vs = 5.02 TeV

120~ MB triggers: L = 2.5 nb™*

- Dimuon triggers: L = 112.1 nb™
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e MinBias: 128 M = 2.5 nb!
e Di-: 112.1 nb!
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Integrated luminosity, ub
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PbPb @S5 TeV

| ALICE Performance, Pb-Pb Vs = 5.02 TeV
| 2015-12-13 13:11:00

- Delivered: 432.7 ub

— Seen: 362.2 ub™/ 400 ub™

Dimuon: 236.7 ub™'/ 300 ub™

CALO: 126.1 ub™/ 200 ub™
CUPS8: 138.8 ub™/ 200 ub™
CUP9: 0.91 ub"/1 ub™
MB: 18.3 ub™'/ 20 ub™

—_—

28 Nov

05 Dec

MinBias: 157 M - 19.3 ub-!
Seen: 362.2 ub!



Yyactue JIPSI® B ALICE

¢ DKCITEpTHOE COIIPOBOXKJICHUE M PEMOHT MIOOHHBIX KaMep

“* Yyacrtue B Habope JaHHBIX (60 CMEH)

s Koopauaarus paboTel 1 MOACPHU3AIMS TPUTTEPHON CHCTEMBI

“* Yuacrtue B pabote paboueli TpyIIibl 110 0TO0PYy (PU3HUECKHX COOBITHI U TPEKOB
“* PykoBozacTBo paboToii paboucii hr3nduecKoii TPYIIIHI IT0 PE30HaHCaM

¢ dusndeckuii aHAIM3 SKCIICPUMEHTAIIBHBIX JTAHHBIX
v yierpanepudepuyecKue CTOIKHOBEHMs, (hoTopoxaenue J/V
v’ JIeTKHE apOHEI
v IanbHUE KOPPEISIHUN

¢ TeopeTudeckoe COMPOBOXKIACHUE U HHTEPIPETAIINS SKCIIEPUMEHTAIbHBIX PE3yIbTaTOR

¢ Yaactue Bo mHorounciacHHbIx PC, IRC; pabore pabouux rpymm 1 T.1I.

“* YyacTtue B mporpaMMe OOHOBIICHHSI SKCIICPUMEHTAIbHON ycTaHOBKH =2 B. Hukynmua
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OcCHOBHbIE NYOJIUKAINHA
¢ 47 KonnabopaMOHHBIX CTaTeH:

v’ Forward-central two-particle correlations in p-Pb collisions at Vsyy = 5.02 TeV, arXiv:1506.08032

v" ALICE Collaboration. First results of the ALICE detector performance at 13 TeV,
ALICE-PUBLIC-2015-004

v K*(892) and ®(1020) production in Pb-Pb collisions at \/sNN =2.76TeV,
Phys.Rev. C91 (2015) 024609

v" Coherent y(2S) photo-production in ultra-peripheral Pb-Pb collisions at \/SNN =2.76 TeV,
Phys.Lett. B751 (2015)

v’ Coherent p0 photoproduction in ultra-peripheral Pb-Pb collisions at sSnn = 2.76 TeV,
JHEP 1509 (2015) 095

v Measurement of an excess in the yield of J/y at very low py in Pb-Pb collisions at \/SNN =2.76 TeV,
arXiv:1509.08802

v" Nuclear gluon densities at small x from photoproduction of J/¥ in ultraperipheral collisions at the LHC,
Bulletin of the Russian Academy of Sciences. Physics, 2015, Vol. 79, No. 7, pp. 912-920

v" Nuclear shadowing in photoproduction of p mesons in ultraperipheral nucleus collisions at RHIC and the
LHC, Phys.Lett. B752 (2016) 51-58
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OcHOBHBIC KOH(pEepeHIUH

¢ 8 IOKIIaI0B HA BEAYIINX KOH(MEPECHIIUIX + MaTepHAaIIbI:

v" XXII International Workshop on High Energy Physics and Quantum Field Theory, Samara, 24-31 June
v LHCP-2015, Saint-Petersburg, 31 August

v SQM-2015, Dubna, 6-11 July

v" Quark Matter 2015, Kobe, Japan, Sep 27- Oct 3

v" Nucleus-2015, St. Petersburg, June 29-July 3, 2015

v New Directions in Nuclear Deep Inelastic Scattering, ECT*, Trento, Italy, June 8-12, 2015

v Workshop “High Energy Nuclear Physics with Spectator Tagging”, Norfolk, USA, March 9-11, 2015
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Forward p -central two-particle correlations,
p+Pb, Vs = 5.02 THB

(0-20%)-(60-100%)

PLB753 (2016) 126

g ALICE 0.5 < pl (GeVic) < 1
= p-Pb \s =5.02TeV  Assoc. tracklets
5 1.82- v0s: (0-20%)-(60-100%)
o]

Q

-3
>

3
a, + Z 2a,, cos(nAg) fit
n=1

% Forward p: -4 <n<-2.5

= Data

g0l =1 ~n=2 wn=3

¢ Central tracklets: Iml < 1
% JIBe koH(purypanuu: p-Pb u Pb-p

% (0-20%) — (60-100%) >
MO/IaBJICHHUE CTPYEINOA0OHBIX BKJIAI0B

Ao (rad)

ALICE 0.5<p; (GeVrc) <1
- Pb-p\sy,=5.02TeV  Assoc. tracklets
VO0S: (0-20%)-(60-100%)

3

s Koppensmust coxpaHsercs:
IAnl =5, n~4

= Data

a, + Z 2a, cos(nAg) fit
n=1

"1.88 - n=1 ==n=2 n=3
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DIUTANITHYECKUH MMOTOK V,,
p+Pb, Vs = 5.02 THB

PLB753 (2016) 126

S o012 ALICE ['e ] Data, Pb-going oo
O [ pPbsy=502TeV o Data, p-going

O [ voS: (0-20%)-(60-100%) 7% AMPT, Pb-going

a O | A\ AMPT, p-going

%

N

?’ - ALICE Bl Data

S - vos waboreroon L AVPT

> e Q
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S

by
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** v,(Pb-going) > v,(p-going), KaueCTBEHHO COTJIACYETCs C TUAPOAMHAMHUKON
¢ N3mepennsie 3aBUCHMOCTH He onuchiBatoTcs AMPT

¢ CocraB MIOOHOB U UX V, MOTYT pa3inyarbcs B Pb-going u p-going HampaBIeHUsIX
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N30b1TOuHBbIN BbIXOA J/'Y, Pb-Pb \/sNN =2.76 TeV

T  ArXiy. J /1 = 1 — No medium effect
8 102 _ ICE. arXiv:1506.08804 4+ 0-20% NAA .
> T 4+ 20-40% Raa = 7 <1 — Suppression
o S 4 40-90% (Neon) Npp?
= > 1 — Enhancement
%
Q
o
3 N u.f‘: ;:@ ALICE preliminary
c\>|‘ 10 §T er Pb-Pb, | Sy, =2.76 TeV, 25 < y <4
© = 5t —=— 1<p <03GeVic globalsyst=+157 %
H 4r —e— 1 .3=p <1GeVic globalsyst=1+15.1%
J =92 —e— [ <p <8 GeV/c global syst=+11.56%
1 0_5 E ;:tlu E deiils ‘/s—NN =40 Tex 3r sommon global syst = + 6.8 %
- global sl
_l 11 1 [ | IS [0l - | (- l | ) Y NI l 11 1 | l | l L il . l 11 1 1 ?
0 1 2 3 4 5 6 7 8
[ (GeV/c) N $
0.8f
0 | E :
4 0.6F i
M306ITOYHBIN BBIXO B 00JIaCTH | .
5 Pb 04 o6 T80 500 580500 580
MaJIbIX Py B niepudepuiiabix Pb- A

Pb cToiakHOBEHUSIX
MN30bITOK HAOTIOMAETCA B

obnactu py < 0.3 GeV/c

25/12/2015 Hay4dHnas ceccmna OOB3 8



N30b1TOuHBbIN BBIXOA J/¥, Pb-Pb \/s =2.76 TeV

Pb+Pb — F'b+Pb+J!w \Sy=2.76 TeV

a2 1 -'E}'t :I T TT T TT | ' T TT | T’ T TT | IAII_IlclEl T I:

r - O, -— b1l .

-;3 35; b < 23 70-90% :‘;} 355 b > 36y<26 3

= 30 —+— OS dimuons (data) E 0= ADIRE, PLB 718, (2013) 1273 ]

8 o5 Coherent photo produced J/y ; 255_ _______ (_Jn;r-lérent Jhy _f

~ - " ol N B — Incoherent Jhy .

Q 20 % 0=k F s Jhy fromy’ decays 3

2 15p H ++ ++ H+ 2 ISE '---E Yy — W —

> F + S = ]

S 10F S m% | =

= - ALICE preliminary 2 C i .

© 5 Pb-Pb |s,, =2.76 TeV e e T Ay ... e

o C | ‘ l ‘ \ | | | l - T T ‘H'i:‘f Rainy - - - ]
- L . | L L L L L L i D A Ly 1 i I b 1 1

% 02 04 06 08 1 12 14 16 18 0 01 02 03 04 05 06 07 08
P, (GeV/c) Dimuon b, (GeV/c)

KaueCcTBEHHO ITOX0XKE Ha
dotopoxaeHue J/y B
yAbTpa-NepuPpepuIecKux
CTOJKHOBEHUAX (b>2R)
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®oropoxnenue p, UPC Pb-Pb \/sNN = 2.76 TeV

—— JHEP 1509 (2015) 095 Phys.Lett. B752 (2016) 51-58
F T 1 = = o
E A+A — A+A+p0 _ = = 3 E/ 800 = Pb Pb \'SNN = 2 76 TeV Pb+Pb — F’b+F’b+p 1000 | PLPb-: ptpb!gl me—l GTE\,I AAL[(E
L <2e " g E ]
S 700 800 | :
< 600fF .
= o
10° 500 - £ 600
- . 400 - é
E —
......... STARLIGHT (Au+Au) ] 300 - g 400
STARLIGHT (Pb+PDb) 200 f— —+— ALICE, stat. errors 3
--- GDL (Au+Au) —- GDL (Pb+Pb) E g ALICE, sys. errors : 200 == VMD-GM ]
102 EA - 100 | === mVMD-GM |
4 = STAR (Au+Au) + ALICE (Pb+Pb) 3 E - STARlﬂGHT | G|M —(I3DL — I VMD-GGM
il N i o s eesil . T [o = = A - I - - ' I T - L 0 = 1 . 1 . 1 . 1 . 1 .
e o ot -6 -4 -2 0 2 4 6 4 - 0 ) 4
VS (GeV) y y

GDL: Frankfurt, Strikman, Zhalov [Phys. Lett. B 537 (2002) 51; Phys. Rev. C 67(2003) 034901 ]

— Vector Meson Dominance Model in the Gribov-Glauber approach.
o,n from Donnachie-Landshoff model.

[Phys. Rev. C 84 (2011) 011902]

— Based on the color dipole model in combination with saturation from a CGC-IIM model.

STARLIGHT: Klein, Nystrand [Phys. Rev. C 60 (1999) 014903, http://starlight.hepforge.org/]

—  Glauber model neglecting the elastic part of total cross section.
—  Uses experimental data on o,y cross section.
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dorTopoxaenune ¥,

% 8FPb+Pb — Pb+Pb+y(2S) \s,,=2.76 TeV
@ F
= £ ly|<0.9
8 't
2 E
5 6
8 C Coherent enriched
5—_ sample pT<0‘15GeWc
C I:l Opposite sign
af- . Like sign
3; . Signal
F Ny = 17 £ 4.1
2
1
:I IH\HHI"HI‘HI\I'IIII
8.5 4 4.5 5 55
M, oo (GEV/E?)

Monenu 6e3 saaepHbIx 3(hPEKTOB WIH ¢ CUILHOM
SKPAHUPOBKOM MIFOOHHBIX MJIOTHOCTEM ITIOXO

OIIMCBIBAKOT JAHHBIC

OCHOBHBIC HCOIIPCACICHHOCTHU CBs
HCOIIPCACICHHOCTBIO YP CCUCHHS B
TCOPCTUYCCKHUX pacCudCTaX

9KCH€pI/IMCHTaHBHBI€ N TCOPCTHUYUC

HEOIPEICTICHHOCTH bl OOJIBIION CTEIICHH
cokpaiaroTcs B oTHomeHuu o(W(2S))/o(J/y)

SAnepubie 3QPEKTHI IO pa3HOMY BIMSIOT Ha

1S u 2S cocrostHng?
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UPC Pb-Pb Vs

=2.76 TeV

PLB751 (2015) 358

n
na

na

Data
uncer® =

—-

stat® + syst®

do/dy (mb)

----- AN MSTWOS

— o STABLIGHT Mo Muel. Eff.
— 1 STARLIGHT

GDGM No Shadowing

1.6
1.4

1.2 -=: GZ LTA Moderate Shad
1 Gisd, GZ EPS09 ;

== GZ LTA Strong Shad. 5

Pb+Pb —> Pb+Pb+y(2S) |5, =2.76 TeV

Models with:
- Impulse Approximation

i -No Shadowing
’ \’; - Moderate Shadowing
- r
;
s -Strong Shadowing
’\
y — Ky
7 ~N

— LI e .
08¢ - AN EPS09 E / N N
GDGM Moderate Shad. ¢, . . N
06F — AN EPS08 "/ o, "-..'\\: .
0.4 GDGM Strong Shad, - s / " ‘\‘
0.2 %, 5 i
O | (- s BT g T
-6 -4 -2 0 2 4
y
coh coh 0.08 L .
(doi; /d1 )/(do77y, /dv) = 0.3477 - (stat + syst).
T T T | T T T T | T T T | T T T | T T
ALICE
3aHEI C AN-AB-MSTWO08 .
AN-AB-HKNO7 L
AN-AB-EPS09
| AN-AB-EPSO08 .
GZ-RSZ-LTA .
cKme | GZRSZ-EPS09 o 0 e
GDGM-GM No Shadowing e
GDGM-GM Moderate Shad.
|_GDGM-GM StrongShad. __ & 777 /... ..__|
L S e T
STARLIGHT L
1 1 1 | 1 1 1 | | 1 1 11 | 1 1 11 | 11 1
-0.1 0 0.1 0.2
Hay4yHas ceccua OOB3 o(v(28)) / o(Jy)




K* u ¢, Pb+Pb, Vsyy = 2.76 T3B

=— 10°
3’ 10°E- ALICE  Pb-Pb |5, =2.76 TeV = 0-5% x 10°
- T =) 2
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|
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¢ IlepBBic B MHUpe N3MEPEHUS PE30HAHCOB B IIHPOKOH 001aCTH ITOMTEPEIHBIX

UMITYJI6COB 110 20 I'3B/c:
v’ p+p, p+Pb 1 Pb+Pb

v/ Macchl, IIUPHUHEI, OTHOIIIEHMS U T.]I.
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K* u ¢, Pb+Pb, Vsyy = 2.76 T3B

Phys.Rev. C91 (2015) 024609

< {.2oF N 0.4F :

o= "2 Pb-Pb Sy = 2.76 TeV (0-5%) ALICE o Jopp7Tev ]

_ ®035F = ¢ Pb-Pb 2.76 TeV |

------------------------------------------------------------------------------- 'd F - Thermal Model ]

- %0 +p #—K Q 03:_ * _ﬂ I e .

K S KK g ;

£0.25F H :

o 0.2f H ]

R RN TT]

u 0.1 bt O/K :

T | 0.05f ;

ce b b b b b b b b by b 0:' P I R U BV B |

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12
p. (GeV/c) (dN,/dn)

¢ Beixon Bcex naeHTHGUIIMPOBaHHBIX aipoHOB (7, K, p, K*, ¢) onnHakoBo
MO/AaBJICH B 00J1aCTU OOJIBIIMX MONEPEYHBIX UMITYJICOB

¢ IlepepaccesHue B agpoHHOM (ha3e CYIICCTBEHHO BIUSICT Ha (DOPMEI
CIICKTPOB POKACHHUS 1 U3MEPECHHBIN BBIXOAbI KOPOTKOKUBYIIIUX PE3OHAHCOB

¢ Bpewms xxu3HU agpoHHON dassl > 5 dm/c
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K* u ¢, Pb+Pb, Vsyy = 2.76 T3B

CERN Courier Maroh 2015

News

ALICE sheds light on particle

New results from the ALICE
collaboration are providing
additional data to test ideas about
how particles are produced out of
ALICE . quark—gluon plasma (QGP)
created in heavy-ion collisions at the LHC.
Experiments at Brookhaven's Relativistic

Heavy lon Collider (RHIC) observed an

1.5_ ah
ductioninh j IS P
oductio eavy-ion collisions .
production in heavy-ion collisions
E 1.0 : ' B "

the final-state particles a common radial 3 e ‘;«“*'* Sl

velocity independent of their mass, but -g . #

a different momentum (hydrodvnamic 205 [¢fq E.‘EI;TE ] *

flow). The resulting blue shift in the p; o 'a' & pex0d E|

spectrum therefore scales with particle o

mass, and is observed as arise in the p/n wt

and A/KS ratios at low p, (see figure). In 0 _0 '1 ﬁ é "i '5

such a hydrodynamic description. particles pr (GeV/c)

enhancement in pr-dependent baryon/meson
ratios — specifically the p/m and A/K2

ratios —for central nuclens—nucleus (AA)
collisions in comparison with proton—proton
(pp) collisions, where particle production

1s assumed to be dominated by parton
fragmentation. In addition, constituent-quark
scaling was observed in the elliptic-flow
parameter, v,. measured in AA collisions.

To interpret these observations, the

25/12/2015

with the same mass have p spectra with

similar shapes. independent of their quark
content. The particular shape of the barvon/
meson ratio observed in AA collisions
therefore reflects the relative importance of
hydrodynamic flow, parton fragmentation

The flat dependence on pyof the p/¢ratio
measured by ALICE for central lead—lead
collisions, compared with the p/m and A/K2
ratios, indicates hydrodynamics as the
leading contribution to the p; spectra.

and quark coalescence. However, for
the p/m and A/K! ratios, the particles in
the numerator and denominator differ
1n both mass and (ant1)quark content, so

In contrast, as the figure shows, in central
lead—lead collisions — where the volume
of the QGP produced 1s largest — the p/¢
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CPT uHBapuaHTHOCTbH

nature

physics

LETTERS

PUBLISHED ONLINE: 17 AUGUST 2015 | DOI: 10.1038/NPHYS3432

OPEN

Precision measurement of the mass difference
between light nuclei and anti-nuclei

ALICE Collaboration™

The measurement of the mass differences for systems bound
by the strong force has reached a very high precision with
protons and anti-protons'?. The extension of such measure-
ment from (anti-)baryons to (anti-)nuclei allows one to probe
any difference in the interactions between nucleons and anti-
nucleons encoded in the (anti-)nuclei masses. This force is a
remnant of the underlying strong interaction among quarks and
gluons and can be described by effective theories?, but cannot
yet be directly derived from quantum chromodynamics. Here
we report a measurement of the difference between the ratios
of the mass and charge of deuterons (d) and anti-deuterons (d),
and *He and *He nuclei carried out with the ALICE (A Large
lon Collider Experiment)® detector in Pb-Pb collisions at a
centre-of-mass energy per nucleon pair of 2.76 TeV. Our direct
measurement of the mass-over-charge differences confirms
CPT invariance to an unprecedented precision in the sector
of light nuclei®®. This fundamental symmetrv of nature, which

and specific energy loss (dE/dx) measurements, and the TOF (time
of flight)® detector to measure the time f;,; needed by each track
to traverse the detector. The combined ITS and TPC information is
used to determine the track length (L) and the rigidity (p/z, where p
is the momentum and z the electric charge in units of the elementary
charge e) of the charged particles in the solenoidal 0.5 T magnetic
field of the ALICE central barrel (pseudo-rapidity |n| < 0.8). On
the basis of these measurements, we can extract the squared mass-
over-charge ratio 2. =(m/z)3,.=(p/2)* [(tros/L)* —1/¢*]. The
choice of this variable is motivated by the fact that u* is directly
proportional to the square of the time of flight, allowing to better
preserve its Gaussian behaviour.

The high precision of the TOF detector, which determines the
arrival time of the particle with a resolution of 80 ps (ref. 20), allows
us to measure a clear signal for (anti-)protons, (anti-)deuterons and
(anti-)*He nuclei over a wide rigidity range (1 <p/|z| <4GeV/c).
The main source of backeround. which is potentiallv of the same

Hay4dHnas ceccmna OOB3
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m, (GeV/c?)

OTtHocuTeabHAs pa3zauna macc: d, *He

-@- ALICE

..... CPT prediction

Lad
I

:’ d-d

-0.002 -0.001 0.00 0001 0.002
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'| | | | | : | |
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3He-3He

010

Allgg »
=(0.910.5(stat.) = 1.4(syst.)) x 10
M
Apspem ‘ £
—— =(—1.2x0.9(stat.) = 1.0(syst.)) x 10
'h' .‘.”{.

Highest precision direct
measurements of mass difference
in the sector of nuclei

Improvement by one to two
orders of magnitude compared to
previous measurements obtained

more than 40 years ago

ANT71: Nucl. Phys. B31 (1971) 235
DOR65: PRL 14 (1965) 1003
MAS6E5: Nuovo Cim. 39 (1965) 10
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Dueprusa cessu: d, SHe

&Eﬁﬁ == ZA?T{'.-IJ]—) + (44 — Z)&'m-[m — z&?nA;\
Amys < 7x 107" GeV/e? (CL = 90%) +«— Nature 574 (2011) 484
Ay = 0.85 + 0.51(stat) £ 0.29(syst) x 107 GeV/¢* «— PLB 177 (1986) 206

—&- ALICE
..... CPT prediction

3He-3He »

B .

— e DENT1, KES99
]
L]

1.0 -0.5 04 05
Aesz/Es

25/12/2015

&8&3

=—0.04£0.05 (stat.) £0.12 (syst.)
£4

A&iyam

2OHFE _ )2440.16 (stat.) £ 0.18 (syst.)
E3He

* (Constraint on CPT symmetry
violation improved by a factor

two for (anti-)deuteron case

(A=) 73

* Ae determined for the first time
in case of (anti-)*He

ALICE: Nature Physics 2015
DEN71: Nucl. Phys. B31 (1971) 253
KES99: Phys.Lett. A255 (1999) 221
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3aKJII0YCHHUEC

¢ [Iponomxaercs ycnemnoe yuactue B 3xkcriepuMmerTe ALICE:
v/ mojep;KKa JETEKTOPOB, HAOOP JaHHBIX M CMEHEI
v’ pU3NYECKUil aHAIN3 TaHHBIX
v/ IIOATOTOBKA ITyOIHKAL[HI

v IIaHMpYEM 3aIIKTy K/ B iepBoii moaosune 2016 (M.B. Majaes)
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BACKUP
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Run-11, plans

2015 2016 2017 2018 2019 2020 2021
A TAISOINB 3 [FIMAM P AISOINB| 3 [FMAME 3 A[SION[o] 3 [F MAME [ ATS O[N] [FMAME 3]s AMI[I]A AMI[[AS[O
EYETS LS2
L [TTT]

2015 pp 13 5x1030 300 7w
PbPb 5.02 1x1027 8 3w
pp-ref 5.02 5x1030 300 4d

2016 pp 13 5x1030 300 28w

pPb (20187?) 5.02 1x102° 200 4w
pp-ref 5.02 5x1030 300 7d

2017 pp 13 5x1030 300 24w

2018 Pp 13 5x1030 300 28w
PbPb 5.02 1x1027 8 4w

(20167)
pp-ref 5.02 5x1030 300 7d
25/12/2015 Hay4dHnas ceccmna OOB3 20




