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Role of Heavy Flavors

Study of top quark, beauty and charm hadrons to:

Test of QCD in (non-)perturbative regime

e Open flavor, Quarkonium production x-sections

e Test Quark and exotic models via spectroscopy (masses, widths)

Determine fundamental parameters of the theory
* Quark masses, couplings (CKM)

Search for Physics Beyond the SM

* In rare decays, meson mixing and CP violation

Probe properties of hot and dense QCD matter

* Heavy-Flavor production in Heavy Ion collisions

A. Zupanc (JSI) WG5 Summary



Heavy Flavors WG Program

4 sessions / 36 talks / interesting discussions
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Heavy Flavors WG Program

4 sessions / 36 talks / interesting discussions
* Top physics (joint with WG3)

Top quark cross section measurements with CMS Javier FERNANDEZ MENENDEZ
Auditorium, BLUIW 14:00 - 14:24
Top quark cross section measurements with ATLAS EProf, Pat

Auditorium, BLUIW

Single top quark production with CMS Alberto Orso Maria I
Auditorium, BUIW 14:48 - 15:
Single Top quark production cross section using the ATLAS detector at the LHC Caterina MONINT
Auditorium, BUIW 15:12 - 15:36

Uncertainties on Higgs and tthar predictions at the LHC from CTEQ-TEA Global carl sScHMIDT T
Analysis

Coffee Break

Auditorium, BUW 16:00 - 16:30

Top quark pair properties - spin correlations, top quark pair asymmetry and
complex final states using the ATLAS detector at the LHC

Associated production of heavy flavour final state and a vector boson and
search for H-=bb

Intrinsic top quark properties - top mass, charge and W helicity using the
ATLAS detector at the LHC

Top quark mass measurements with CMS

Auditorium, BUIW

Top quarks as a probe for heavy new physics

Auditorium, BLW
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Heavy Flavors WG Program

4 sessions / 36 talks / interesting discussions
* Top physics (joint with WG3)

Top quark cross section measurements with CMS Javier FERNANDEZ MENENDEZ

() Pro du C ti Oon Auditorium BUW I, : 'i

Heavy-flavour production in pp, p-Pb and Pb-Pb collisions with ALICE at the Alessandro GRELLT B Fa=Is
LHC

Measurement of D* photoproduction at three different centre-of-mass Nataliia ZAkHARCHUE B
energies at HERA

Combination of D* Differential Cross-Section Measurements in Deep Inelastic Mykhaile LI50YT B BNeININE
ep Scattering at HERA

112 - 15
Diffractive production of open charm and bottom at the LHC Marta LUsZcZak B3
fF, BUW 09:45 - 10:10
Quarkonium production in pp, p-Pb and Pb-Pb collisions with the Laic Henri Antoine MANCEAL B

ALICE experiment at the LHC

Coffee break

F, BUW 10:35 - 11:05
Charmonium production at HERA Nataliia kovaLcHuy B
F, BUW 11:05 - 11:30
Running of the charm quark mass Andrii GIZHED B
F, BUW 11:30 - 11:55
Muclear matter effects on 1/$\psi$ production in Cu+Au and $U$+3U¢ Aneta IoRDANCKA B

collisions in PHENIX

Top quarks as a probe for heavy new physics

Auditorium, BLW
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Heavy Flavors WG Program

4 sessions / 36 talks / interesting discussions
* Top physics (joint with WG3)

Top quark cross section measurements with CMS Javier FERNANDEZ MENENDEZ
L]
e Product
rO uc lon Heavy-flavour production in pp, p-Pb and Pb-Pb collisions with ALICE at the Alessandro GRELLI B
Theory overview of $B_{s,d} Y\to \mu~+ Ymu~-% decays Rob ENEGIENS [
00 - 14: rRcHUE B
°® Decays F, BUW 14:00 - 14:24
Perturbative contributions to rare B-meson decays Milcalaj irzysztof MISIAK B
F, BUW 14:24 - 1448 'SokvI B
Rare Decays at LHCb Jaroslaw Pawel WIECHCZyNSkT B
F, BUW 14:48 - 15:12 | €24k B
Electroweak and radiative penguin processes in B decays at Belle Luis PESANTEZ B #° - 10:10

F, BUW 15:12 - 15:36  MCEAU B
Radiative B decays and new physics searches at BABAR Liang sUn B2
F, BUW 15:36 - 16:00
Coffee break 35 - 11:05
F, BUW 16:00 - 16:30 LcHuK B

Study of rare and suppressed processes in B meson decays with ATLAS Viadimir NIKOLAENKEe By| 99 - 11:30
= 16:30 - 16:54 | [ZHKo B
30 - 11:55

Comprehensive Bayesian Analysis of Rare (Semi)leptonic and Radiative B or. Danny Van oy B

Decays avora B
Space for Mew Physics in Neutral B mixing observables Mr. Gilberto TETLALMATZI-XxoLocoTzI B
F, BUW 17:18 - 17:42
Lifetime of flavoured hadrons at LHCh Paul sArL BB
F, BUW 17:42 - 18:06
Study of the Lambda$_b$ decay properties with the ATLAS Tatiana AGATONOVIC-JoKIN B

experiment
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Heavy Flavors WG Program

4 sessions / 36 talks / interesting discussions
* Top physics (joint with WG3)

Top quark cross section measurements with CMS Javier FERNANDEZ MENENDEZ

L]
* Product
rO uc lon Heawvy-flavour production in pp, p-Pb and Pb-Pb collisions with ALICE at the Alessandre GRELLT B

Theory overview of $B_{s,d} Y\to \mu~+ Ymu~-% decays Rob ENEGIENS [

¢ Decays F, BUW 14:00 - 14:24 | ReHue B

- ¢ E
Production of charmonium(-like) and their botomonium counterparts at Susan CHEATHAM £ ztof MISIAK B
ATLAS 14:24 - 1448 [SOVYT B

BUW 08:30 - 09:00

D
L S t cHCZynskT B
ec rOSCO Studies of quarkonium production at BABAR Gianluigi CIBINETTO £

14:48 - 15:12 | 2624k B

D, BUW 09:00 - 09:20
| = | 45 - 10:10
Quarkonia and quarkonia-like spectroscopy at LHCh Tomasz SKWARNICKT B ' PESANTEZ BY =
17 - 15 nceay B
D, BUW 09:20 - 09:4p 19112 - 15:36
Spin effects in Bottomonium at Belle Umberte TAMPONT ) Liang sUN B
D, BUW 09:40 - 10:00 15:36 - 16:00
Quarkonia: a theoretical framework Antonio VaIRe B3 35 - 11:05
D, BUW 10:00 - 10:30 | | 1g.:pp - 16:30 LCHUE B

Coffee break KoLAENED B 05 -11:30
D, BUW 10:30 - 11:00  16:30 - 16:54 | [ZHKO B
Charmed Spectroscopy at LHCb Liang ZHONG B3| w wan Dyie B 30 - 11:55
D, BUW 11:00 - 11:20 avora B

Search for doubly-charmed baryons and study of charmed-strange baryon states at yuji k470 voLocoTzr B

Belle

17:18 - 17:42
Spectroscopy and decay properties of b-hadrons with ATLAS Andrew Stephen CHISHOLM £ -
Paul sArL BB

D, BUW 11:40 - 12:00
= 17:42 - 18:06
Properties and decays of the Bc meson Lueio ANDERLINT B2 S
WIC-JorIN B

D, BUW 12:00 - 12:20
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Heavy Flavors WG Program

4 sessions / 36 talks / interesting discussions
* Top physics (joint with WG3)

Top quark cross section measurements with CMS Javier FERNANDEZ MENENDEZ T

L]
e Product
rO uc lon Heawvy-flavour production in pp, p-Pb and Pb-Pb collisions with ALICE at the Alessandre GRELLT B
Theory overview of $B_{s,d} Y\to \mu~+ Ymu~-% decays Rob ENEGIENS [
00 - 14: RCHUk B
() Decays F, BUW 14:00 - 14:24 N
Production of charmonium(-like) and their botomonium counterparts at Susan CHEATHAM £ ztof MISIAK B
ATLAS 14:24 - 1448 [SOVYT B

BUW 08:30 - 09:00

D,
L S t cHCZynskT B
ec rOSCO Studies of quarkonium production at BABAR Gianluigi CIBINETTO £

14:48 - 15:12 | 2624k B

D, BUW 09:00 - 09:20

| 45 - 10:10
Quarkonia and quarkonia-like spectroscopy at LHCb Tomasz SKWARNICKT B1 ' PESANTEZ D
D, BUW 09.20 - pawqp  15:12 - 15:36  NCEAU B
Spin effects in Bottomonium at Belle Umberte TAMPONT ) Liang sUN B

Thanks to all the speakers for preparing
and giving comprehensive and interesting talks!

Spectroscopy and decay properties of b-hadrons with ATLAS Andrew Stephen CHISHOLM £

Paul sArL BB
D, BUW 11:40 - 12:00

17:42 - 18:06
Properties and decays of the Bc meson Lueio ANDERLINT B2

wic-Jorin B
D, BUW 12:00 - 12:20

A. Zupanc (JSI) R —— 8



Impossible to give an overview of presentations

| |

This is completely personal view and summary
based on “freshness” of results, personal bias and
mostly, on my capability of understanding the slides.

Please refer to the parallel session talks for details
as well as plenary talk on Heavy Flavors by A.Mischke on
Monday.

A. Zupanc (JSI) WG5 Summary 9



Top physics

The heaviest elementary particle
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Intrinsic properties
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Top quark (pair) production

t » Wb (1000/0) J. Fernandelzz ((.:.MS) & PSkubic (P.;.F.I.‘AS)

T T L L B L I RN B -
. TR LBEE ATLASHCMS Preliminary  Feo 2014
| o CMS diepton L= 231"

® ATLAS lepton+jets*L=0.7 ! TOPLHCWG

O CMS lepton+jets L= 2.3 !
* TOPLHCWG combination* L= 1.1 "

I.\LI

Dominant production mechanism at LHC 46%

g N\ ot

5 | ® ATLAS dilepton® L= 20.3 |
A _—— . 10° 5 curs diopton L= 63 1% E
= OO0 t+jets 15% Fe aTLAS lepton+iets* L= 58 " [
) Lo oMs leptons+jets™ L= 2.8 1" [
7 f{r{ I | * Prefiminary 250? |
T ;;:"::- [ +|
ran

200f { 1 |

—_
o

Inclusive tt cross section [ph]

15%

B NLO+NNLL (pp) 150 )
E—— NNLO+NNLL (g 7 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
| Mg = 17|2 5 Gev, F'Dr B uncer“tainties accol‘"ding to PDF?LHC

o 3 7 5 5 7 ) 9
\s [TeV]

"dileptons”

All final states being studied!

Top pair production measurements entered precision era:
o (tt) uncertainty O(5%) at LHC compared to ~4% prediction uncertainty (NNLO+NNLL)

: - C.Monini(ATLAS) & A.Iorio (CMS
Single top production S e —

[ single top-quark production t-channel ]

, ¥ CMS,L=19.7fb"
10 E 4 CMS L=1171.561b"

[t Do,L=9.7ib"

s-channel t-channel (dominant) Wt associated production channel
u d ~

i

1 02k Wit_|

t-channel total cross section [pb]

a 7 7
W | 4 cCDF,L=321b" g ] F i _ NLONLLatm = 1725GeV -
EA - _— MSTW2008 NNLO PDF
k 10 E 1 — = T stat. uncertainty
i 5 F E 10— - =
! < os = s-channel 3
© |

/ &t-channel 1.04 fo' pLs 717 (2012) 330

[}_ 5 6 0 b B ’ E\E revl | - Bt-channel 20.3 fb ATLAS-CONF-2014.007
5§ - - i . 2 D 1 [ e Cameb ool ST fhons) a4 e © FOP) = Wt 2.05 b pLe s 2012) 142

NLO+NNLL QCD _ # (scale ® PDF [} 1
Kidonakis, Phys. e a8 (301 1) 01503 ZWt20.3 fb" ATLAS-CONF-2013-100

rearms +3'4 EH..\‘.‘‘\..‘.I‘H.I‘..‘\‘..‘I.H.IH..\HHE E v s-chanhel 95% C.L. limit 0.7 fb™" ATLAS-CONF-2011-118
O = 817‘8_10 pb vt 8 s 8678 ?@[Te\l]"5‘6‘5‘7"5‘5‘15‘1[1‘{2'1‘3‘14
(T W: — 22-4 i ]. L 5 pb . \S [TeV]
A. Zupanc (JSI) wu> Summary Vin| = 0.998 £ 0.038 (exp.) £ 0.016 (theo.} 11




Top quark pair properties

Large tt samples — excellent laboratory ,, ! mass

for measurements of tOp properties charge
polarization b

8 TeV analyses: ~5 106 ttbar pairs | ! rare ?ecays
7 TeV analyses: ~1 10° ttbar pairs W helicity t - t
B(t — Wb) l
b cross section

charge asymmetry
spin correlation

-
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Top quark pair properties

I+
Large tt samples — excelent laboratory , _—
| for measurements of top properties charge
polarization rare decavs b
8 TeV analyses: ~5 10° ttbar pairs 1 T y
7 TeV analyses: ~1 108 ttbar pairs W helicity t t
B(t — Wb) I
b cross section
charge asymmetry
R.Schifer (ATLAS): Charge Asymmetry spin correlation - D,
Test of tension between prediction and 008
measurements of A__ at Tevatron o ATLAS H voamsrom
: oos) kil
g /: : W’ | a
7 "r 0
A/E ] Suppressed 0.04 /

Experiment

LHC: /

N(A\y\ > 0) — AM(A|y‘ < 0) vs. SM prediction - | Acg

EV(/_\‘y‘ > U) + fV(/_\|y‘ < 0)\1-23:&0-05 % A. @ LHC disfavours large fraction of

parameter space for some models. 14

Ac =
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Top quark properties - Mass

E.Bouvier (CMS)

CMS Preliminary

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 |JIJ'1

CMS 2010, lepton+jets
PAS TOP-10-009, 36 pb’*

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 b

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb"

CMS 2011, all-hadronic
arXiv:1307.4617, 3.5 fb™!

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 i’

CMS combination
March 2014

1755 = 4.6 = 4.6 GeV
(value = stat = syst)

17312 21 2.6 GeV
(value = stat = syst)

1725+ 0.4+ 1.4 GeV
(value + stat + syst)

1735204+ 1.0 GeV
(value + stat = syst)

173.5 0.7+ 1.2 GeV
(value = stat = syst)

17202 0.2+ 0.8 GeV
(value + stat + syst)

172.2= 0.1 0.7 GeV
(value + stat £ syst)

Tevatron combination

Phys. Rev. D86 (2012) 092003

World combination 2014
ATLAS, CDF, CMS, DO

173.22 0.6 £ 0.8 GeV
(value + stat = syst)

173.3+ 0.3 + 0.7 GeV
(value + stat + syst)

165

A. Zupanc (JSI)

170

175

180

m, [GeV]

R.Di Sipio (ATLAS)

ATLAS Preliminary m,, summary - QOct. 2013, Lim =205 47"

2011, all jets”

CONF-2012-030, | =205 1"

1749 = 21 + 3.8

2011, lepton+jets™

- Sy e 172.31£ 023+ 027 £ 0.67£1.35
CONF-2013-046 Irl:da Ity
2011 e ——m—t 173.09 £ 0.64 £1.50
CONF-2013-077 =47m' - -
{stat) (JSF) (bJSF) (syst)
‘_' 0.31 o E 10 e stat. uncertainty
K stat. ® JSF @ bJSF uncertainty
total uncertainty
*Preliminary, ~ Input comb.
] | | | | ] | | |
155 160 165 170 175 180 185 190 195

Miop [GeV]

Top quark mass measured with ~0.5% precision:

» Systematics dominated
» b-JES, soft QCD, and more generally models expected to be
better constrained by more data
 Alternative methods/measurements (uncorrelated syst!)

* pole mass from O(tt)
 kinematic endpoint
e B hadron lifetime .,

WG5 Summary 14



Heavy new physics in top production and decay
Celine Degrande

Study the constraints on effective theory couplings from
top decay, top pair production & same sign top pair production

® Assumption :

Constraints

oF
L=Lsm+ Z FOE

One = Qo,, T tdGH”

Ory = 07,17t Y qv*T°q

u.d.s.c

OL‘U' — Q’Yp-TGQ Z 'TT'HTEQ

u,d,s,c

one X (1TeV/A 2




Running charm quark mass

Use H1+ZEUS charm production in DIS data from different Q? regions to

extract charm mass (m ) at different scales

e using FFNS and MS charm mass definition e

. 1
(us(H) )Fo
_ Yis

me(p) = me(me) -

H1 and ZEUS as(me) \ 5o

'SHE L 025 GeV? | o=5GeV? | 0’7 GeV? ( T ) 0

0.2 — - = .
- - - H1 and ZEUS preliminary
ﬁ i | ;I ‘IE_ T T T T T T i
0 2 3 3 2 3 {3 B ]
0.5 — a2V | ok18Gev? | Q*=32 GeV* = 4__ - HERA (prel.) B
e C o PDG with evolved uncertainty 7
e [ —
1.2— _
0 1 IIII IIIIIIIJ Liiue 1 1 J IIII‘ 1 - — —
05 — Q%60 GeV® | Q%120 Gev? | . B ]
C . [ _ [ 1 - } b
0 MMA&MM& 0.8— + { + —
0.5 — @%=350 GeV® | _ Q%650 Gev? | _ Q°=2000 GeV? B 7]
) | « HERA L _
| B ABMOSNNLO MS 0.6— s ]
| [T ABMOSNLO MS : :
0.4_ 1 I 1 1 i
10% 10% 102 0% 108 107 104 108 102 1 10

X u [GeV]

mM3(m.) = 1.26 + 0.05.,, 40.03,,0q & 0.02p5r2m + 0.02,,, GeV

C
PDG value : mM®(m.) = 1.275 + 0.025 GeV
A. Zupanc (JSI) WG5 Summary,



Charmonium Production in pp

Study of non perturbative behavior of QCD A
* Color Singlet mechanism failed to explain production of ‘
P-wave charmonium states observed at experiments

k_

&£ ™
S.Cheatham(ATLAS):Measurement of the Xcl1 and Xc2 production .. ocet state
 Test understanding of Xc production at LHC

* Get handle on feed-down contribution of J/y from ¥c in J/@ cross

-section measurements arXiv:-1404.7035

E ; ATLAS Prlompt ¥ <075 : ; - ATLAS Prlumpl v < 0.75
_E‘ 1 ;_ 15=7TaV J-I dt= 451" Jt|||5-:11ru;:|i-::[}'scay _; g. 1 ?_ 15=7 TaV¥ J'Ldt—451b' ;:._2 Isctropic Decay _?
él_u N - = i 10";——0— E
& oL \ 8 1 = :  NLO NRQCD predictions in

A v S T ' good agreement with DATA:

L oo . 5 Eoo . 3+ (non-)prompt cross sections

10 20 30 10 20 30

! [GeV] Py [GeV * Ratio of xc2/xcl

1.0

— T T T LA e e L A S B i
= E ATLAS Prompt [y | < 0.75 E E ATLAS Prompt [y '| < 0.75 3 .
B 0.8 —3 0.9 — ( ] -
5,. 08_ 1s=7TeV J-Ldt=d.51t:1 —4— Data 3 08_ 1s=7TeV J-Ldt=d.51t:1 —4— Data E Prompt J/l'p ln XC feed down
i‘:‘, D?E— Isotropic Decay 5 CMS |y "< 1.0 _E D?E— Isotropic Decay 4 LHCb20<y"" <45 _E
%, 08 g 0.6f f
= o5t M 055

0.4 : -4 : 0.4 =

035 = 0.3F W

1 3 0.2/ * ! E

0.1 == monraco #55 Lo csm — 015 == monraco -

S [P ' R E. 1 . . . | I RS B A
0.0 10 15 20 25 30 0.0 10 15 20 25 30

Jiy Jiy
p;" [GeV] o ) - _ Py [GeV] 17



Charmonium(-like) production in B

decays

B-decays are reach and clean source of charmonia

Last decade was full of discoveries of new
particles that can not fit easily to any of the
predicted states by the quark model.

A few % of B mesons B-decays
decay into cc and K"

VEAY Exotic alternatives Molecule
‘"?.;; = (among meny): loosely bound .
Easy to study. Tetraquark meson- K%
*
Low background. Tighthe baiind .4 antimeson \ .
JP€ using angular studies . disiancE “molecule”
anti-diquark S
T.Skwarnicki(LHCDb): X(3872)
 The most studied “new” state, AR I R i
but it's nature still not understood * _B,,Um]
e JFC=1*+ (= DD* molecule or charmonium) Belle 2011 PRI 107 (2011) 091803 :
90% CL UL
= - - =
Measuri}gmw B(X W(ZS)V){ B(X J/ l|JY) predictions for pure cc state
X(3872)>w(2S)y igg‘jﬁﬁ?ﬁy ¥ ’ :
7 prediction for pure DD* model
__predictions for admixture of cc and DD*
Z ;@_ 35;190;\;95 + imjglﬂaevents X872
! "}‘ g E dl.ll.;.l:llé‘-.L.j--l.-l.‘ill.Li-l.l.éli.---}r
N ey P .
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Charmonium(-like) production in B

decays

B-decays are reach and clean source of charmonia

Last decade was full of discoveries of new
particles that can not fit easily to any of the
predicted states by the quark model.

A few % of B mesons B-decays
decay into cc and K"

VEAY Exotic alternatives Molecule
s Xeg o~ (among meny): loosely bound .
Easy to study. Tetraquark meson- T
Low background. Tighthe baiind .4 antimeson \ .
JP€ using angular studies . disiancE “molecule”
anti-diquark u
T.Skwarnicki(LHCDb): X(3872)
e The most studied “new” state, | . . |
but it's nature still not understood i PeRe PR IR 1[—‘320331
e J¢=1+* (> DD* molecule or charmonium) B%i}!l?c?fi@ I‘I{I.];U? (2011) 091803
Measure R = B(X = @(2S)y)/B(X = J/yy) e K o
oSy e bredictions fo pure cc stale
prediction !u?r pure DD*Emudel
: F!F?‘%'.i.":?.'i;‘:'_’..‘?. "3’!.,."*,“.';’.‘,‘.?“.‘55.‘? of cc and DD*
SRR + e U | Ll - o
: P P Rw

A.Zupanc . | = Ty G5 Summary 19



Charged charmonium-like state

First observed by Belle in 2008 and confirmed recently by LHCDb!

Phys.Rev.Lett. 100, 142001 (2008)

Ohservation of a resonance-like structure in the 75/ mass

distribution in exclusive [ — K7™/ decays

)

T \ b hadrons
re FJ;' re !ﬂ?ﬁfﬂhﬁﬁﬂ]#ﬁﬂﬁ?z Catany| =720
’ [

(' ' 3! | AR, © S S 1 S G, ataaan] EUen, i sl b e
s ——
Jﬁa‘ﬂﬂuuukummauﬁaam’maaa!lamm’nﬂ ;

Nowa forma materii: potwierdzono istnienie
egzotycznych hadronow

T TRZEE) RODTAL HACADRCW, CETYCHZAS WRAIHIAND BARONY | WERNY

*Top »Frenfelenss Mhis pags nst update: 07M14 Ll e

£2a LHCD 18dnsdAmndnadina

Preas Release , 1 iiumuasuas BaBar inly mdasiasane
]

AR medasTanasa s wahawalans e s .I'\H]UFI
i uasiuay leduduuaain Z(4430) dusdag4) uaz exotic hadron fd

2T WA AT 280 M T AY TWAN 130 - 1020 13.9 nino? - nanTa {2 (4420 ' nmiKe nignauna”
1 MM IAT '3 N2 09417 09200 M Tinmn ¥2on s qen LHCE -1 nma” .nisng *asme LHCh

Belle Discovers a New Type of Meson ‘e e e | | SKCMEPUMERT LHCh okoHuaTensHo aokasan

€anbHoCTb 3K30TUYeckoro mesoHa Z(4430
PISTOLA FUMANTE DI UNA PARTICELLA A QUATTRO QUARK I : ( !
[HO ey Tirgen2 10

sstisk partikel udfordrer fysikernes kvarkmodel| |EEu2@ININING

nha ngh|en ctru tai LHC xac nhan sw t¢n tai cua hat [xotisches Telichen:
aquark t6 hO’p taO thanh tu’ 4 qual’k De LHCD heeft 't bevestigd: er bestaan exotische hadronen

Jovemnber 13, 2007
gh Enengy Accelerator Research O ; nizat

bjavili cudnu €asticu, urychlovaé ju potvrdil|

charged neutral

or '@ or

LHCb confirma la existencia de la particula
Z(4430) formada por cuatro quarks

i Sl Gl Caprgn 235 b Cuagee pau 1 OIS 5 350 Sl Jlmicr Sy 2007 JLaw g3 Z(430) 03 e GgaSh apaoksun, 11 Anpitiou 2014
il dgmpa Lnihiis Lt gl d o le LHOD jLa Sl aslazd L agd (g Al O LHCh em 1EAVEL THY BRAPET E26TIRDT aaplaraioy, LHCh
EKDU C : To Open the Gates of Hell? CERN: Large Hadron _ Confirms #vistence of evolic hadrors
Sta n d a I'd der Discovers Very Exotic Matter’ That )

bevestigen
1 exotisch

lenges Traditional Physics! (Must-See Videos) letra Quark: Not a New Star Trek

I o —— Character, 2 New State ofMatter.
charmonlum Standard late o Malt

"B, T.Skwarnicki(LHCDb)
threshold
cusp

tetraquark
molecule
hybrid

—— e e 20



Charged charmonium-like state

Full 4D amplitude analysis performed!
T.Skwarnicki(LHCb)

200

Candidates / { 0.2 GeV*®)

100

0

% 1800 F- i | 251762174
'_f oo  LHCDb signal events
g 140 E bkg (4.1£0.1)% 3
< oo 3
£ 1000 / =
¥ s00F =
600 - =
jgg; sideband sideband E
’ 5250 5300
m e [MeV]
Fit with Z(4430)"
(*K* veto region”) oy L L I
L] 1 T T L] 1 L T L] 1 L] T T 1 T -
o 1 <& [ LHCb 'm ]
- L\HLh o ¢ ++ . = 200H.0 mi._ < 1.8 Gﬂ*ﬁﬂ +| -
(107 My = 1.5GeA I'X S i . [ “K*veto region” & $ ]
i L i - = .
M0 ] 2 R J -
tl" + + + — _E' I ..r'r'- e ]
_ - 'YL LT 5 100 & e A
ot o | - S B -
Rt L e
R s s i 1{ N ,;,.'.3;;;-.;-- e -%4;'3:] .
16 15 20 22 L6 [ 20 ) :f{} \__]
My [GeV:

BO—y'Ktn, y'—putu (3 fb1)

Overall consistency
with Belle results but
with substantially
improved errors.

wpe (6V 2 p-value = 12%
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Charged charmonium-like state

ﬁﬁtﬁ@ Exotic States at LHCb, DIS2014 Tomasz Skwarnicki 16 :
Z(4430

( )" spin-parity analysis Belle
< 260 N PRD 88, 074026 (2013)
= 300 =T Tad " LT . £ 45 Value in data |
= r [a] 5 - a»
P using a LH{b : E
| 250 Sinmlafeq  COMSenvative = E_
5 : | =X l."..l.l:ll.....l"' ﬁppmach ats : b
g pata : S
= f ; =
5150 | E =
;: F Strmlared - .
HE IU.::] :_ ;Ej.l’:‘lll..l.lhu[‘: _:
B J 1L ]
50 :— J L )rrIJ L _:
0Eb— P VY. N L 4020 D 20 40 60 80
-200 0 200 400 A2 InL)
A(-21n L) '
charged
Including systematic variations:
Rejection level relative to 1+ @ or
Disfavored J7 LHCb Belle
0- 97c 3do Exofi
xotic
1- 15.8c 37c Standard
tetraquark #®)) charmonium Standard
2+ 16.1c 51c molecule D*_D_I*D
7 14 60 47c hybrid threshold
P—q+ : cusp
J"=1* now established beyond JP=0- 1-2-

any doubt The only other confirmed charged four-quark candidate Z(3900)
A.Zupanc observed by BES-lIl and Belle in 2013 could be a DD" threshold effect 22



Quarkonia: A Theoretical Framework
Antonio Vairo

Quarkonia are systems where low energy QCD may be studied in a systematic way (e.g.

large order perturbation theory, non-perturbative matrix elements, QCD vacuum, exotica,

confinement, deconfinement, ... ).
M > p This allows for a systematic non-relativistic

M > Aqcp and perturbative expansion

Many topics reviewed among them:

® Annihilation & production, width and decay ()
¢ Radiative transitions
e New quarkonium-like state below and above threshold

® Gluonic excitations



Quarkonia: A Theoretical Framework

| Antonio Vairo
o Charmonium states (BELLE, CDF, BESIII, BABAR):
MassiGeV) E d Th d .
i and: Theory prediction .
LG} B w——
[ . .
H: Hy E—— e
I [ Hi
12k n— I
"'":_._+._ Y -2 .1~ = - O
E.H:
. U 11111~ I
1k : . . qq -gluon hybrid
; Experimental measurement Charmonium hybrid states .,
i (grouped in spin multiplets)
naf H H,H,,....
. *.'.mm'ml | mz;—:Em] 1 Yf—l?_E;]Jll | ‘-'[m'r.nl'.”*| Kt-'llEEl||"-"| xmaaul.[u.-z“j m:aﬁ'm[l | M-t[i&illl-jl ] ‘|'|4E-E£J|[I I

» Bottomonium states: Y3,(10890)[1~~], My, = (10.8884 & 3.0) GeV (BELLE).
Possible H1 candidate, M, = (10.79 £ 0.15) GeV.

Berwein Brambilla Tarrus Castella Vairo in preparation (2014)



Rare B-meson decays

Flavor-Changing-Neutral-Current transitions b = sy, b - s11

S + o+ - R.Knegjens
B — K.( { Bs — 1™ B — KTt M. Misial
B — K™y B — X (0 B — X7 D.van Dyk
e forbidden at tree level in SM, proceed via loop and box diagrams
q ,. q W :
BY | | 2w )AL B | | oty J v ag il
(j—-+/ z \u \O— VN J 3.

?: b W
e Suppressed in the SM / sensitive to New Phy51cs contrlbutlons

¢ Ef f eCtiVG theory description (factorizes short-distance Wilson coefficients Ci from long-distance effects)

New Physics may introduce new operators or modify existing Wilson coefficients

{m ik / Operators:
O10 = (q7uPLb) (1" y510)
Wilson coefficients Os = (@Pﬁb}(ﬁﬁﬂ)
Op = (GPrb)(fiysp)

A. Zupanc (JSI) WG5 Summary 25



Perturbative corrections for rare B-meson decays
Mikolaj Misiak
Status of B — XsY, b =2s|- |7, Bsg— I I7

NNLO QCD + NLO EW + LL QED: - -
SM predictions for all the branching ratios By = B(B; — £7(7)
| C. Bobeth, M. Gorbahn. T. Hermann, MM, E. Stamou, M. Steinhauser, PRL 112 (2014) 101801]

Fap x 107 = (3.65 & 0.06) R;, R, = 3.65 4 0.23, (LHCb & CMS : 2.9+ 0.7)
Bg, x 10" = (1.06 & 0.02) Ry, Rg = 1.06 & 0.09, (LHCb & CMS : 3.671%)
R, — ( M, )“’“ (ns{ﬂfzi)‘”'” R, — ( fB,[MeV] )2( |Ves| jﬂ(ma s/ ::bl)ﬁ 75 [ps]
e 173.1 GeV 0.1184 : 227.7 0.0424 0.980 1.615
Sources of T q
. CKM 1 M (¥g other o1~
uncertainties Is, H t parametric | parametric =
B |4.0% 4.3% 1.3% |1.6% 01%| < 01% 1.5% 6.4% — 4.7T% (7)
Bae |4.5% 6.9% 0.5%|1.6% 0.1%| < 0.1% 1.5% 8.5%
In the case of B,qg, the main uncertainty (4.2%) originates from |Vf.g,| — {].[}424(9)

that comes from a recent fit to the inclusive semileptonic data
P. Gambino and C. Schwanda, arXiv:1307.4551 |.



LHCb 4+ CMS combined: 13075024, 1307.5025

LHCh =
BT -
3 !

ﬁ(gs — ,H+Ju_)
- E BR(B .
¢H* I (Bg = p ™)

(29+0.7) x 107° (> 50)
(3610 102 [« 30]

S Consistent with SM!

In future probe New Physics with new (complementary) observables:

/’ _"‘-s.\_\\\
- [(Bsuy — f)—T(BsL —
(1+y, Al = B ) — [(Bs.1 )

o v A _ :
g0 J' (|P| + S| ) [(Boxt — ) + T(Bop, = 7)
| B el
2 : NP 2 = NP .
Ai;_rr, _ |P| cos (Qlfjp_ ) T |S| COs (2'1-"5_ | ) In SM:
P2 5|2
PE+S] b —
K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, A. Pellegrino, N.
Tuning, Phys Rev.Lett 109 (2012) /

Can be measured via “effective lifetime”, however large statistics required.

A. Zupanc (JSI) WG5 Summary 27



Comprehensive Bayesian Analysis of Rare (Semi)leptonic
and Radiative B Decays Danny van Dyk

(Angular) Observables in B — K*(7(~

e kinematics

» dilepton mass squared g° . \\ j'l o
» three angles A >
: : ; B z
e complicated diff. decay width \

» 12(+) angular observables J,

» express all observables through J,

» compose observ. from J, with
specific benefits, e.g. Apg, Fi,

f
Pﬂ]-__Er__ﬁ' 5 oo
Some of observables motivated by minimization
S of theoretical uncertainty (and have no physical meaning)
Definitions
Jo 34— b
rN3J1c+EJ15_J2c_2J25 AF‘BN?S FLN Cr -
p! +Js p! +Js p’ —J7
2 v _]25]25




-

.

A. Zupanc (JSI)

0.4

0.2

1 T T T T

Theory W Binned

Acy

0.8

0.6

- LHChb
E LHCD §

1fb-! results, JHEP 1308 (2013) 131

3fb-' analysis in preparation

q? [GeV?/cY

WG5S Summary

5 10 15

q° [GeV?/c?]

Consistent with SM!




- 1

Theory W Binned

3fb-' analysis in preparation

1fb-! results, JHEP 1308 (2013) 131

il LY 10 15

20

q° [GeV?/c?]

L i § +LHCD
- ] E
0.8 - =T
C . LHCb
06 —
i - ] :
0.4 _ 0
02k - 05
0 [ I I ]
0 10 15 20 1
™ i——r—r—r T 1 1
O oal

A. Zupanc (JSI)

SM Predictions

—+— Data —

See 3.70 local

tension in P ’

» 0.5% global F-valuea

q2 [Gevﬁfcﬂ
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Comprehensive Bayesian Analysis of Rare (Semi)leptonic
and Radiative B Decays

Danny van Dyk
The B — K*(7/~ “Anomaly”

e LHCb measurement 130s.1707 B4
» deviation from SM prediction in form 3_5
factor-free obs. (Pg)[1.6] - o
» LHCb uses one SM prediction =R ==
(DGHMYV) oo
£2 |
[Descotes-Genon/Hurth/Matias/Virto 1303.5704] 03 T -
o, I _ 1
40,5 —

LHOb DGHMY  IC  BEvIXa)EBvD(w)
e however: further SM prediction exist, much larger uncertainty (JC)
[Jiger/Camalich 1212.2263]
e our take on SM prediction
(Ps)[1.6] = —0.34fg:gg ( , nominal priors)
(Ps)1.6) = —0.321918 , wide priors)

see also backups for Py ¢ and [2, 4.3] bins

difference: treatment of unknown power corrections
(form factor corrections, €c resonances)




CP Asymmetry in B —» X

s(+d)Y

Inclusive (Belle)

(v

Xs+d

B =T (4S)~ (B

Sum-of-exclusive (BaBar)

Charged Modes: Neutral Modes:

Kf;w_ Ty

K ﬂ-ﬂ.-}, Kt n a%~
Kt ot o ~ K;?T_HU?T&'}’
ng—wn,}, gﬂﬂ"ﬂ’}’
'+ 0 0 g oWy
g{, ,:_ :_1_ K+ K- K+ xn— ~
S >

Ktatn nl~

I{E at o 7l &

K™ n~

Kt K Kt~

+ better signal purity
- mode uncertainty, lower efficiency

A. Zupanc (JSI) WG5 Summary

L.Sun (BaBar) & L.Pesantez (Belle)

‘L + reduced model uncertainty

x' | - lower signal purity
Channel A(jp (Sh[)
B— X, -0.6% , +2.8% |
B— X4y o [62% +14% ]
B— Xsia7

PRL 106, 141801 (2011)
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CP Asymmetry in B —» X

s(+d)Y

Inclusive B — X,y
(Belle)

I}i[l}" — ' -

] ] :
- i1 | —Positive
2 "t % - Negative

Cos | :

— ﬂ.4__ E ‘+i: ! E E

‘% - ¥ : i H + i :

S 0.2 _F 5 :

o ' - ‘bt*t‘ﬁ‘—{—ﬁ T—

o pclgprefiminary { Y ]

2 3 L

E, (GeV)

AcP=22+40+£0.8%

Measurements consistent with
SM expectations!

L.Sun (BaBar) & L.Pesantez (Belle)

Events per (.25 MeW

Sum-of-exclusive B — X y
(BaBar)

=0 - 0 +
B and B B and B
4{:":]_""I""I""!"" T T ] b7 rrrrrrr o]
4sor| — Total PDF | j| — i i § ; :
? _ - — Peaking HE __ ? A ._
300 Continuum -2 E 300 BaBAR T
250 s :Data : ] i 250 --Pr:elliminm-'j; -------- g . - —
: : ] I : ¥ : I
oy = : Do
200 el 4k 1T 200 M
hd T Ky .. HiL : I 1 E"L I
150 -1 - FHUE T D 1 & 1s0F-
! ' 12 :
100 & 1o0F
50 50F-

5,24 525 26 527 528 520 EE“I 525 526 527 528 520
Mg (GEV)

A= +(1.7 19 +1.0_ )%

sta syst

AAx,y = Apto X,y — Apo/Box
QAK =+(5.0+39 +15 )%
sy stat syst

&A)(S'l‘.' = U il‘l SM



Summary

Heavy Flavour production is a powerful tool to study QCD
and searches of New Physics
A lots of interesting new results presented

“One never notices what has
been done; one can only see
what remains to be done.”



Top quark

properties - Mass

E.Bouvier (CMS)
CMS Preliminary

CMS 2010, dilepton

JHEP 07 (2011) 049, 36 |JI:|'1

. I—#
CMS 2010, lepton+jets
PAS TOP-10-009, 36 |:|t:'I

CMS 2011, dilepton

EPJC 72 (2012) 2202, 5.0 fb™ 3
CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb"

N
3]

CMS 2011, all-hadronic
arXiv:1307.4617, 3.5 fb™!

CMS 2012, lepton+jets
PAS TOP-14-001, 19.7 i’

uncertainty [GeV]
N

Zz 2

CMS combination
March 2014

Tevatron combination
Phys. Rev. D86 (2012) 092003

World combination 2014
ATLAS, CDF, CMS, DO

165 170

A. Zupanc (JSI)

R.Di Sipio (ATLAS)

== Std. meth. == Endpoints

CMS preliminary projection

)/ Ly
30 fb 300 o 3000 fb™
= t
i) 13 TeV 14 TeV 14 TeV

CMS-PAS-FTR-13-017

WG5 Summary

2'-47f7

+ 3.8

027+0.67+£1.35

+1.50
(JSF) (BJSF)  (syst)

rrtainty

'F @ bJSF uncertainty
rtainty

ary,” Input comb.

| |
190 195
Miop [GeV]

-1 GeV precision:

models expected to be

icorrelated syst!)
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Space for New Physics in Neutral B mixing observables
Gilberto Tetlalmatzi

New Physics (NP) effects in Al's are strongly constrained in comparison with Al'y because:

C

4] - o i - h

X

N

Al triggered by b — c¢és AT, triggered by b — ccd

— - —

5 i

Br(b — ccs) = (23.7 +1.3)% || Br(b— ced) = (1.31 £0.07)%

— 100% enhancement on (b — c€s) leads to sizable effect on [ ot

— 100% enhancement on (b —+ ccd) hidden in the hadronic uncertainties.

Enhancements in Al arise from:

@ CKM Unitarity violations. 4 CKM unitarity violations.
- Al

@ New Physics at SM tree level decays. s < { 16 Current-current operators.

9 (C_HJ)(*FT} operators. 3.7 (bd)(77) operators.

Bobeth, Haisch, Lenz, Pecjak and Tetlalmatzi-Xolocotzi, arXiv:1404.2531.



Uncertainties on H and ttbar Predictions at the LHC
Carl Schmidt [CTEQ-TEA]

Uncertainties in gg—tthar

aooo | — '
T wFT2

160 1.70 180 150
o (107 pb)

* Same analyses applied to gg—ttbar

» HERA combined data (12) constrans
low values of cross section

» But T2 less important for combined
PDF+aq

« Hessian and LM consistent

5 L
T2 |
3000 = |

2990 — |

2980
2970
2960

2950 — |

2940
2930
2920
2910
2900 —

2800 — [

0

ol *'(10° pb)

6 0Ny one - ome 012P

ﬂ&
220 e S
SN Opoe
210} Hessian PDFsa, -
—— LM PDF :
200F
190}
180}
170}
160}

1M 65768150 17T T3 174 TS 176
my (GeV)

11



Diffractive production of open charm and bottom
at the LHC Marta tuszczak

Py = =
= = P r»---""_--- X 7 F
Tl P ~ -_.'_,!.—__ _ ___ . ' : _-:‘_______-_'" X *
A N — t uszczak, Maciula,
" B, LS
xv:; . _— - e :'". ' -
% [ - Szczurek,
.h.rn— a b
& S — &
g e B VT
’ = i“‘—?' - T x [ v F B, noF
T = e e — —

o Cross sections for single and central diffractive production of ¢ anc
bb have been calculated.

@ Large and measurable cross section for charm single diffractive
production.

o Cross sections for D® and B~ mesons have been calculated for
different experiments (cuts).

TABLE I Tatal eross sections for charmed mesor-antimeson pair procunetion for the LHC b detector.

Intecrated cross sections,

Accoptanse Mode 0 S (i) 502 (kl) nomi=iliffractive
(I[P . I (IP - gluom) {chuon - 1P LHC'b data
T ] = .
<y, i iy s 1 2.19 33.78 2671 [488.0
pr <8 UeV
A0 =y =40 —
. LH (1000 12l (1145 .23

Fepy = 12GeY




Charm(-onium) production at HERA

M. Lisovyi: Combined diff. D* x-sect N. Kovalchuk
H1 and ZEUS _ 0 Q- o) light
il o((28))0(Jp(1S))
% 2 §, AN T in exclusive DIS
3 p(P)

ZEUS

@ ZEUS (prel.) 354 pb™

NNLO calculations and
15— improved fragmentation

1 H127 pb!

HERA Heavy Flavour Working Group

models would be helpfull | C - ]
0.8 — -
5<Q?<1000 GeV? -
e HERA (prel.) 0.02<y<0.7 N 1 4
1.5< T(D"*)<20 GeV b — T —
NLO Qch InOAI<1.5 | 0.6 - ’
0\\I\‘\\\\‘\\\\‘\\\\l\\\\‘\\\\ 0.4__ _._+ __
-1.5 -1 -0.5 0 0.5 1 1](I:);I).S B Increases with Qz and ]
0.2 independent of W or |t| —
. ZEUS .
"7 e ol
+ Lowy= - 0 10 20 30 40 50 60 70 80
F 136 Gev 152 GeV 1 2 2
: ‘/I/ f Q* (GeV?)
08 I B
e w<icev 1 N.Zakharchuk:
0.4 r = ZEUS (prel)ep—D" X < 1D.'6 N o .
*1 =moac ear<mcv | Energy dependence of D* Photo-production
02 — —
-1 @Good agreement with NLO QCD predictions
0 240 260 280 300 320
Vs (GeV)
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Hadronic transitions in quarkonia

E1E1 transition

Described by QCD multipole expansion YS) — m m Y(MS)

 Chromoelectric terms (E1 , E2, ...)

e Chromomagnetic terms (M1, M2 ...) -~ SPEEER L

E1M2 transition
ASS(er ) = BF(Y(nS) — 1 Y(mS)) <1 Y(nS) — m, n° Y(MS)
BF(Y(nS) —nt Y(mS)) bb . bb
RSS(nw,n) Experimental status @ Spin flip @

Y(2S) > Y(3S) > Y(4S)— Y(5S) - BF(Y(nS) — mhy(mP))

RSP(rw,m) = >= 1

Y(1S) | ~2x103 <2 x10-3 2.4 0.1 BF(Y(nS) —mmhp(mP))
Y(2S) ! A 0.4 RSP(r7,m) Experimental status
TS * Y(4S) —» Y(58) —
Y(3S) hb(1P) ? ?
Almost OK ~2 -3 order of magnitude hb(2P) 2
above th. expectations
Not a Zb effect. No measurements, until now!
Other coupled channel effects? U.Tamponi (Belle)

A. Zupanc (JSI) WG5 Summary 40



Hadronic transitions in quarkonia

Search for h, recoiling eta against in e*e" = Y(4S5/5S) - eta h,

Y(4S) sample

MM(yy) [GeV]

Y(5S) sample

% 8000 Combinatorial ba | ground Combinatorial background subtracted viD) |
= - subtracted ' - 3000 = i
= 6000 S 2s000 . ?XNEW S
z ~ Belle 2 eoF Prel|m|nary ‘ 2 hb(2P)
Wl - L. f, © =
& 4000~ Preliminary 4 2 1500 - l
i € 1000 =
2000% | : - +
gl L . o ’lII- 5- A Al ity
P e e : . \J/
I 500
-2000[ -1000 £
L el b b e b b e b g —1500:
9.84 986 988 99 9.92 9.94 9.96 — T T

1 1 | | |
1015 10.2 10.25
MM(vy) [GeV]

BF(Y(nS) — mhp(mP))

RSP(rm, 1) = >= 1 First test of QCDME with m h,(1P) transitions
BF(Y(nS) —mmhy(mP))
- U.Tamponi (Belle)
Y(4S) — Y(5S) —
hb(1P) > 2.0 <0.9 < Y(5S) anomalous behavior
hb(2P) T <0.6 due to Zb intermediate states

OK

A. Zupanc (JSI) WG5 Summary 41



Probing hot QCD matter

* Cold Nuclear Matter Effects (p+A)

A = « Shadowing, Color Glass Condensate, Coherent Energy Loss
o -« * Hot Nuclgar Matter Effects (A+A) oo %,
= * Deconfinment of quarks and gluons 0‘.0 o®
e Quarkonium suppression by color screening e® o0
Strategy: Measure (then parametrize) CNM effects in p+A to “remove” them in
A+A collisions and be able to study HNM effects in Quark Gluon Plasma
A. Grelli
o o . - AR R R AN A AR SRR RARRS
Nuclear Modification Factor o | " ALICE Frliminary D mesons
i it
D e | e e .
R®,( p.) = dN,, /dp; T o owspamnayNorpometuy || First indication of
AARET (T ) x do® |dp o3 H e e || heavy-quark mass’
AA pr T L ]
06l B " 1 | dependence of the
: : o : # 1 | energy loss.
Relative pqrtlcle production in o 7B gy
AA(pA) with respect to pp collisions i ]
0.2 [w] ® 1D
i Pb-Pb, \s\\ =2.76 TeV .
ol b b b Lo b Lo 1

0 50 100 150 200 250 300 350 400

( Npart weighted with Nco”)
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Probing hot QCD matter

* Cold Nuclear Matter Effects (p+A)

_A = « Shadowing, Color Glass Condensate, Coherent Energy Loss
o <  Hot Nuclear Matter Effects (A+A) e o,
* Deconfinment of quarks and gluons 0‘.0 o®
e Quarkonium suppression by color screening e® o ©

Color Screening

Strategy: Measure (then parametrize) CNM effects in p+A to “remove” them in
A+A collisions and be able to study HNM effects in Quark Gluon Plasma

A. ITordanova

Nuclear Modification Factor W o Ty ]
N 1 £ - N

dND /d E | H U+l \5,7=193 GeV (el sys. 8.1%) |

R\ (pp) = o AT : |t A

(T,,)x dob Idp, s e G 073

s | H _

Relative particle production in % - L (] ; .

AA(pA) with respect to pp collisions % N i
= 9% o0 200 300 0 @00

Number of Participants

Weaker suppression in central collisions in U+U?
Higher coalescence?
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Probing hot QCD matter

* Cold Nuclear Matter Effects (p+A)

_A = « Shadowing, Color Glass Condensate, Coherent Energy Loss
o <  Hot Nuclear Matter Effects (A+A) e o,
* Deconfinment of quarks and gluons 0‘.0 o®
e Quarkonium suppression by color screening e® o0

Strategy: Measure (then parametrize) CNM effects in p+A to “remove” them in
A+A collisions and be able to study HNM effects in Quark Gluon Plasma

L. Manceau

1.4

[ ] L] L] d\f
Nuclear Modification Factor e R Y
12 + ] ALIGE {arkiv1311.0214), 2.5=r=4, oo <l Gavig glotal sysl= = 15%
D .
dN’, /dp 1—-'---_ Hints of strong
RD ( ) _ AA T : . )
aa\Pr) = 4 ﬂ L regeneration of
TAA )( dOD /de EIIE ™ é TR TE L
pp : T J/y at LHC
- - . . 0.6 :_ 'v".;_ B ' i f:r::i ::1.-:]-::_;: st ' A ! fre energles
Relative particle production in 0al I
AA(pA) With respect to pp COlliSiOnS : === Siaf, Haoronization model (A .lll.l'll'.l'ml.'.-:';.u.'.l-.:;;.;H-:‘E:;'-':.I;;;;‘I.I .........
0.2 - Transport model (¥.-P. Lio & al, PLE 678 (2008] 72)
L ;:;d':": Inidal:&-‘;r?:: i’ :’; ' EI Fa IEI ”-:3‘ 121 320‘9_-
D....I....I....I. ] | [ A
0 50 100 150 200 250 300 350 400
arXiv:1311.0214 (N
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