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Proton Lead Collisions

Provides a handle
between PbPb and PP

Inttial state gluon
saturation?

O—»

Interaction of spectator
nucleons with the proton.

Asymmetric collisions
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CMS detector and p-Pb system

CMS DETECTOR STEEL RETURN YOKE n= -In (ta n 9/2)
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 ym) ~16m* ~66M channels

Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

+0.465

Napy P>() /

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Jets In CMS

clusters and tracks Particles Towers Jet

i
HCAL :
Clusters

ECAL
Clusyers

) Background
Forinstance, An xA$  subtraction and

Anti-k; algorithm is used . : X
in most of CMS publications 0.076 x 0.076 in barrel jet clustering

Calorimeter (CALO) Jets: Using Calorimeter
energy deposits.

Particle Flow (PF) Jets: Combines information
from all sub detectorsto make PFcandidates,
which are thenclustered.
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Starring Jets! e
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* Asymmetry in jet charged T/‘//
production (nPDF acrons L
contribution) rescattering /

* Initial State vs Final State
effects in the RpA proton  § Cucleon

* Fragmentation function
effects

Nuclear PDF
* Does mass play a role? Hard-scattering cross-section

(Heavy Flavor jets) Hadronic rescattering

Fragmentation function
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oPb Inclusive Jet Spectra

arXiv:1601.02001, Submitted to EPJC

CMS pPb \s,, =5.02 TeV
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* High

combined and unfolded using i
Iterative Bayesian technique.
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pT triggered Dataset
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Pb cross section ratio to mid rapidity

CMS pPb s, =5.02 TeV, L=35nb" i
Anti-k.. particle flow jets, R = 0.3
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arXiv:1601.02001, Submitted to EPJC

-~ CMSpPb |sy =5.02TeV, L=35nb"
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Yield Asymmetry

* Lead goingside vs proton
goingside yield ratio

* There is no significant
asymmetry observed in
the jet production within
the covered
pseudorapidity range,
although a small effect at
high p; cannot be
excluded with the
present systematic
uncertainties.
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arXiv:1601.02001, Submltted to EPJC

1.5~

CMS pPb |sy, = 5.02 TeV, L= 35 nb’

_ Anti-k; particle flow jets, R=10.3

+ 1.0<|nCM|<1.5

" O.5<InCM|<1.O

Santa Fe Jets and Heavy Flavor workshop, NM
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Inclusive Jet R py,

arXiv:1601.02001, Submitted to EPJC

1.8F-« Cl\lﬂS R; + + .

E Pb T R, uncertainty [ E
F i _ e pPb - Extrapolated pp reference
1_6:_pr\/% =5.02TeV, L=35nb T m Luminosity uncertainties T Anti-k; particle flow jets, R = 0. 3
1.4F T T E
o 1.2k
*x O N
-
0.8F

0,655 NLO R, nPDF = EPS09

100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
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* Data slightly above EPS09 prediction (but still consistent
within the uncertainties)
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Fragmentation Functions (FF)

* FF are the jet yield normalized track yield inside a
jet of specified radius for each jet pT bin

trk

1 dN F

D _ ragmentation } jet
() =7 jer  dph* Function /

(Nuclear) q
PDF/
> <€

P

Santa Fe Jets and Heavy Flavor workshop, NM
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FF for pPb and PP (interpolated

CMS-PAS- HIN 15 004
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Ratio of FF pPb/pp

CMS-PAS-HIN-15-004

Increasing jet py (in GeV)
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* No observed maodification of the fragmentation function
relative to our constructed pp reference
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Austin, QM 2015

CMS,/

Relationship to R 5, Measurements

* Expected that the jet R, convolved with
the fragmentation function ratio gives the
high p; charged particle R,

p‘Tm" (1(gev.v‘c)
 pPb data agrees for all three analysis

Quark Matter 2015

% Austin Baty
=
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/11/ Jan 2016
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jet
R pPb *

T

pPb

D p

CMS pPb |'s,,, =5.02 TeV, L =35 nb™

track
R Pb
pp

—e— Charged particles, h]ul<l

<T,pp>=0.0983 mb™ |

["] Fully correlated syst. uncert.
[ Total syst. uncert.
[} <T > uncertainty

» pp reference method differs for all three analysis
 Tension due to pp reference and still under investigation
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Heavy quark Jets at the CMS

Displaced

up-type:(u :
Strong N cks
B-quark decays are econd
. econaa
heavily CKM-suppressed Veng(
. -> Long lifetimes A
Weak ny,/ :"
down-type: . o

Primary
Vertex

* Primary identification method

is using a Secondary Vertex oJet
— Long lifetime of b = mm or cm vertex displacement
* Flight distance (L,,) of the secondary vertex used as a
discriminating variable

* Tagging methods independent of secondary vertex

reconstruction used as cross-check Algorithms described in:
JINST 8 (2013) P0O4013

1/11/16 Santa Fe Jets and Heavy Flavor workshop, NM "
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b-Jet tagging

arXiv:1510.03373, Submitted to PLB

CMS Slmulatlon Prellmmary \Syy = 5.02 TeV CMS Preliminary \syy = 5.02 TeV
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1  SSV cham jets, pp PYTHIA (+ HIJINGi 10°L -g
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B = - SSV charm jets, pPb ] -
3 - = 1 10 Il usdg
S 107k - _ e g 90 <p. <110 GeV/c
o - g o = = C T
c - o ] ‘S
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The SSV tagger is more robust againsta Template fits to the SV invariant mass
combinatorial background due to the distribution in pPb collisions for jets of 90 < p; <
secondary vertex requirement 110 GeV/c, where b-jets dominate after 2 GeV/c?
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b-jet Spectra/Rpy in N, bins

arXiv:1510.03373, Submitted to PLB
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Comparison to theory (mid

arXiv:1510.03373, Submitted to PLB

rap | d Ity) - oPb 35 nb™' (5.02 TeV)
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E‘é ECMS ° bjetREXTH'A,-2.5<nCM<1.5

o 2 = Huang, Kang, Vitev -

. I Phys. Lett. B 726 (2013) 251 ]

* Comparison to ; ;
pQCD model 1.5 B
including modest : Eg RS + ~
initial-state energy- } Eananan e .
loss effects : :
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150 ub™ (PbPb 2.76 TeV), 35 nb™' (pPb, 5.02 TeV) 55 150 ub' (PbPb 2.76 TeV) 35 nb’ (pPb, 5.02 TeV)
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* CMS showed b-jets in PbPb (and pPb) are modified to a
similar extent as light jets

Santa Fe Jets and Heavy Flavor workshop, NM
Jan 2016
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we Bven Trickier — ¢ Jets

* b-jets tagged at CMS by selecting on displaced vertices

* Charm jets have smaller displacement, therefore trickier to tag

— Developed a set of variables that provide discrimination powerto
extract c-jets

Corrected Secondary Vertex Mass

1
;19’2‘

Heavy flavor ~~sq_
hadron »

3+ Body Secondary Vertex Tagging

Primary Vertex Primary

Vertex

20.9 nb” (5.02 TeV)

rrrrrrrrrrrrrrr

Invisible (v)

In_ 1<2.0 N
=

]
¢ tagged sample (SSVHP>1.68) [l udsg
55 <p, < 80 GeV/ic

Separation of Charm + Light

N

Feed into template shapes — g
charm jet contribution extracted

Separation of Charm + Bottom

' 4

1 2 3 4 5 6 CMS-PAS-HIN-15-012

Corrected secondary vertex mass (GeV/c?)

Number of jets
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* Firstcharm jet measurementin heavy-ion collisions!
— pPb and pp tackled so far — both consistent with PYTHIA predictions
1.00 +/- 0.19 (stat.+syst. pPb) 1.15 +/- 0.27 (stat.+syst. pp)
— Charm jet fraction (not shown) also consistent with PYTHIA

Santa Fe Jets and Heavy Flavor workshop, NM

1/11/16
/11/ Jan 2016

20



@ RUTGERS
Conclusion

e Data doesn’t show siginificant deviation with
existing nPDF and pQCD calculations

* Changes to the PbPb FF doesn’t appear to be a cold
nuclear matter effect. pPb FF consistent based on
q/g based interpolation

* In the high pT range observed, parton flavor
doesn’t affect the nuclear modification factor

(compared to PYTHIA)

* Results checks in progress with latest pp data @
5.02 TeV (look forward to new results very soon!)
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