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ALICE Tsukuba group 4

- Largest ALICE group in Japan
— staff 5, students (PD1, M10,D 1,T 1, G 1): 19

- Team leader: Yasuo Miake
— Deputy team leaders: Tatsuya Chujo, Shinlchi Esumi

 Roles in ALICE

— Construction, installation/ operation of EMCal/DCal (Y. Miake, T. Chujo)

— PWG JE convenor (2017-2019), EMCal/DCal deputy project leader
(2013-2017): TC

— PWG HF-e PAG (-2018): S. Sakai
— Major role in FoCal upgrade project
- Utrecht U, CiC research invitation program (FY2017-2021)

« Deputy PI: N. Novitzky, Utrecht PI: T. Peitzmann (ex-upgrade
coordinator), M. van Leeuwen (Physics coordinator)

— ALICE Tier 2 center @ Tsukuba (on-going)
— http://alice-j.org (ALICE-J homepage, maintained by TC)



http://alice-j.org

1. Jet physics in ALICE



Di-jet energy imbalance

CMS, PRC 84, 024906 (2011)
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Hard probes in heavy-ion collisions

* Hard probes: T———
-p- . e mﬂ%‘?" nduced )
- Originated at the parton hard scattering (large Q 2), " thion
prior to QGP formation time (1/Q « 1 fm/c) g loatorlowr cobt. v“i adiatin ><Q>
« Well calibrated (pQCD) . e“ R ‘:’l;s
« Jets: reflect a whole evolution of the system Yot 23 R

v T Disocaton :
* Access to the medium properties: 7 rieoetess |
« dE/dx of partons (g, g (uds, ¢, b)) & L dep.) rookuwless SR . Controls

« Large angle emissions QCD medium
- Jet tomography by different probes & techniques wde by e (sl ot QGPWS, 2000

Picture form Y. Tachibana
(Heavy lon Cafe 2017)
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Jets in ALICE 8

« Jet reconstruction by tracking (TPC+ITS) + calorimetry

« Goto low jet pr and low constituent pr (> 0.15 GeV/c for charged) in large heavy-
ion background

v Detailed characterization of background fluctuations (JHEP 1203 (2012), 053)
v Gamma and jet triggers by EMCal/DCal, PHOS for high pr

e Measurements:
v High pt hadrons
Inclusive jet
Jet + hadron correlations (soft hadron, w/ PID)
Gamma-jet correlations, c/b taged jets, jet-jet

<A S L

Jet substructure

i3 BV T
A 3 |
Tatsuya Chujo



(1) Jet spectra and jet Raa
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What can we learn from Raa measurement of jet, beyond energy loss ?

ALICE:

* Low pt (< 100 GeV/c): pt dependence of Raa

» High pt up to 200 GeV/c by using the current statistics
» Complementary to ATLAS/CMS
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Inclusive charged jet production

R. Hosokawa
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« Submitted to arXiv https://arxiv.org/abs/1905.02536

« Comparison to a NLO pQCD-based model prediction
(POWHEG+Pythia8)

« Good agreement within large theoretical uncertainty
— Higher-order (NNLO) calculation will improve scale uncertainties in pQCD calculation

— Further understanding of non-perturbative effects (e.g. Underlying events) will also be
crucial for low pregion



https://arxiv.org/abs/1905.02536

Jets in Pb-Pb atw~ = 5.02 TeV (Run-2)
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Strong suppression of jet in Pb-Pb central.
pT dependence espacial for R=0.2 at lower pr
Little R dependence
Charged particle jets and full jets are consistent_,

ICE
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Jet-hadron corr. in Pb-Pb at v/sxv=5.02 TeV
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A slightly wider distribution for out-of-plane in lower pr
associated tracks (0.7 < pr <2 GeV/¢)
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3+1 hydro + jet (Tachibana, Hirano) QM2012

o ALICE: PID capability for charged hadrons (0.15 — 20 GeV/c), photon, di-jets

e Constituents of bulk vs. medium response (large angle emission)
e A, (di-jet energy asymmetry) as a parameter for the energy deposit.
e Use di-jets, y-jet events.

e Possible new window to : ¢, EOS by comparing with theories

* Need high rate data taking with jets.



2. Heavy Flavor physics
in ALICE



Heavy flavours in heavy-ion collisions

e Heavy flavour (charm & beauty)
e Large mass : m, (~1.5 GeV/c), m, (~4.5 GeV/c) >> Aysp (0.2

GeV/c)
e Produced initial hard partonic scattering processes
e Gluon scattering is dominant LHC — sensitive to gluon
nPDF
e Cross section calculate by perturbative QCD (pQCD)
e Short formation time t ~ 1/2 m, ~ 0.07 fm < QGP (~0.1-1 fm)

e Produce before QGP and go through the medium

e Heavy flavour in QGP
e Brownian motion
e Sensitive to QGP transportation coefficient
e Energy lose via collisional & radiative
e QCD prediction ; AE(u,d,s)> A E(c) > A E(b)
e a test for QCD in extremely high and dense matter



Large suppression HF production in Pb-Pb

ALICE-PUBLIC 2017-003
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« 2
T8
16
1.4
1.2
1
0.8
0.6
0.4
0.2

%

1 L L IIIIIII l'llllllll LI
ALICE Preliminary
Pb-Pb, \ 5y = 5.02 TcV

0-10%
30-50%
60-80%

Average D’ D', D", y|<05
v C10%
Ll R
* B0 BX:

|

%ﬁb+

+

FICC markQTs: pp rescalcd roforoncy
Upon Makorepp o O)YICBIQI n:u'om -

5 10 15

=

H

20 25 30 35 40 45 S0

p, (GeVic)

dN,,/dp,

Ro(p:) =7 S. Sakai
AA I / Y ! .
(T xdo,, /dp;
HF e
1 l 1 T L4 L L I T T L T L i
25 ALICE, ch— (e'16)2 B
- o  Proliminay. Pbob,| 5, = 502 TeY, 0-10% [yje05
ol o  PLO754(2015) 81, p-Pa, ,,, =S TeV - by 014 ]
o & Preiminary pPb.Y 5 = D08 TeV, 106y __<014 -
s - | l =
F+ 'l H < i
o' (1 {iSpe N HH 0 | I | aal
05 . ’r :
) - -
T Sagpasqud B 0 -
% E 0 TR— o
5 | . |
p.(GeVic)

» Large Suppression of D meson productions in Pb-Pb at 5.02 TeV

= Large suppression of electrons from D and B in Pb-Pb at 5.02 TeV

= |ndicates significant energy loss of charm and beauty in the QGP




Heavy Flavor electrons in small system

S. Sakai, D. Kawan:

HF-e vy HF-e Rppb T. Suzuki et al.
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- Positive v, of heavy flavours in p-Pb collisions

- Rppo ~ 1 within uncertainties in the whole pr interval
e No suppression of heavy-flavour production is observed



Ac production in Pb-Pb collisions atv*x~=5.02 TeV 18
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(2019) 212
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Ratio to Do meson

 Larger than that of pp and p-Pb collisions

+ Described by a model

« With charm quark hadronization via quark
coalescence without vacuum fragmentation

Nuclear modification factor
« Suggest less suppression than inclusive
charged hadrons and D mesons



3. Open questions
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Q1) How QGP is thermalized so quickly ? 20

‘Unknown !\

.r.. | '

a.\r-:s. .r

CGC collisions éias}na

hadron gas
? ? Courtesy of S. Bass
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN >
t=-1fm t=0"fm t= 0.6 fm/c t=2p frr
* What is the initial condition? ey CCC
 Why so rapidly thermalized (t=0.6 fm/c)? > high densi
* Instability of strong color field ? color field

No clear evidence for CGC as an initial condition yet.
initial condition ©CGC strong color fields~= thermalized QGP

QGP rapid thermalization?




Q2) Origin of ridge, collectivity in small system? 21

p+A callisions A+A collisions
p Pb %P N R
) “ue ’ - \
Initial-stale geometry , \‘
*
8 colective expansion

CMS Prelrrinary LHC-CMS

PP\, = 5.0z Tev, NT™ 2710~ |

1<p <3GeVie '

Initial State Correlaticn Escape Mechanism QGP Foarmation

Yen-Jie Lee, heavy ion town meeting (2018)



4. ALICE FoCal upgrade
proposal



LHC timeline

LHC heavy-ion runs, past & baseline future
+ species choices according to ALICE 2012 Lol (under review in HL-LHC workshop) °

LHC will have done 12 “one month Pb-Pb Pb-Pb p-Pb
heavy ion runs between 2010 and | | pPbl
2030 (LS4). 5/12 done already. )
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LHC timeline

LHC heavy-ion runs, past & baseline future
+ species choices according to ALICE 2012 Lol (under review in HL-LHC workshop) °

LHC will have done 12 “one month

Pb-Pb Pb-PL p-Pb
heavy ion runs between 2010 and | | pPb!
2030 (LS4). 5/12 done already. 2010 1 - 2012 2013 2014
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& ] I | | I LN .
Run 1 m-rr-mnlj-m - -
T
pp& NOwl 7
*18 | | 2019 | 2220 | 2021 2022 2023
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ALICE major upgrade
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LHCb Phase-l upgrade

| Ao Sectaval orp

— PhPh ¥ NnpPh Pb-Pb
i :::;"h‘rfl" 7 ) 1 | |
| 2024 I 2025 | 2032
e e AHID[ A Sope]) Tl
ALICE upgrade plan
FEE w2 Lerer reeeer reeeeed ‘ | LA
ATLAS/CMS major upgrade LHCb upgrade
| 2033 2034 2035 2036 2037 plan (phase-ll)
] & FEEINEEHER L BE CUNECRE NIEEFED2EEEC DHER DR IE
Tl ALICE upgrade
-ISISI‘ (conceptual)




ALICE FoCal

FoCal = Forward Calorimeter:

FoCal-E: EM Calorimeter
FoCal-H: Hadronic Calorimeter

~7 m away from the interaction point

main challenge: separate Y/T10 at high energy

Si-W calorimeter (hybrid Si: pad cm2 & MAPS 30pum?2)
* Considered as an ALICE upgrade for Run-4

* Look for CGC effects at small-x (~10-5)

* Origin of Quark Gluon Plasma
* main observables: Direct photons, TT9 TT9-T19 correlations

- FoCal-H
%' __.-FoCal-E
:\.

3.2<n<3.3

MAPS detector mini-FoCal (PAD)



hadron, photons,

Central jets, leptons
| -09<n<09 MET

photons, hadrons, jets

FoCal

muons

245< n<3

3-5 < n < 5.8 l g 'f:: - - s
Y1 ]'[0 '/_5 s
<

....... % L P4 % - : NN

= T -

: ‘ : ' Collision point
! - ia et | e p

: = g . g ALK et et .

: 43 -L"‘" = ‘;f ““““ — ;u‘ — .:Z:ﬁxm"h e .

. . = :':.,,..n“- ........ nnu.,,::‘o ::

: E | wCentraI MFT FoCal

1« — P: e — .

; /7.5m '

ALICE Forward Upgrade (Run-8/¢ ==~ == =



EM shower separation by FoCal

(one module)
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New kinematic regime explored by FoCal

EM and DIS measurements

2
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(p+Pb)/ (p+p)
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ALICE projection
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Saturation physics at small-x

small-x

A

> BK 7 JIMWLK

log (1/x)

S
e
: A
BTKI.
DGLAP
.
QCD log (Q%)

hard process

30

Physics Impact on PDF for gluons

by FoCal

F10 *®Pb reweichting

= FOCAL reft 0% CL

Q°=10 GeV?

* At small x and small Q?2, the parton density becomes large and
non-linear effects (gluon fusion) may set in

=Gluon Saturation, Color Glass Condensate (CGC)
* Large uncertainties of nPDFs at small-x

ALICE

Tatsuya Chujo
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Forward Workshop in Tsukuba (2019.03)
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Summary and future plan

v _Physics:

One journal submission in pp (jet)
Two preliminaries in Pb-Pb, and paper is in preparation (jet)
HF: New preliminary (2), p-Pb & Pb-Pb papers (2)
two PhD double degrees (Grenoble-Tsukuba)
e H. Yokoyama (2018), R. Hosokawa (2019)
e Towards jet with PID
e Heavy flavor, baryon/ meson with Jets
e March cone?
e HF-e (Sakai), Gamma (Novitzky), Jet (Chujo)

v _FoCal upgrade proposal:

e mini-FoCal projection and successful data taking at PS/SPS and
LHC-ALICE (2018)

e in 2019: towards Lol and TDR

e Final design

e Forming new international collaboration (FR, USA, BR)



