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Motivation: inelastic cross section

= Total cross section in p-p collisions

> 0ot = Og1 + OINEL, @Nd oL, INCreases faster than o, at high energies due to contributions
from diffractive processes. Therefore, the diffraction can’t be ignored at high energies.
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arXiv:1305.7216v2 arXiv:1208.4968v1

> OINEL = Onon—dift(ND) T Osingle—diff(SD) T Fdouble—diff(DD) T Fcentral-diff(cp) T ***

Vs (TeV) Osp/OINEL O0pp/OINEL SD+DD contribute
(o)
0.9 0.21 + 0.03 0.11 + 0.03 0% GrllvIEL
2.76 0.20+9:52 0.12 £+ 0.05 arXiv:1208.4968v1
(ALICE)
7 0.2073:94 0.12%333
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Motivation: diffractive processes

= |n Regge theory, all diffractive processes can be described by Pomeron at high energies.
» Pomeron: colour singlet object with the quantum number of the vacuum
» While SD and DD are explained by single-Pomeron exchange,
CD is dominated by double-Pomeron exchange (DPE).
= The diffraction is defined when the momentum transfer of incoming proton is much less than the
centre-of-mass energy.
» Single Diffraction (SD): one proton is intact and one proton dissociates, p; +p, = p; + X,
» Double Diffraction (DD): two protons dissociate, p; + p, = X; + X,
» Central Diffraction (CD): two protons are intact, p, + p, > ;' +X +p,’

pl\h\ pl/ n %} . pl\\ pl/
\;\

P \X

P : Pomeron /

\ P
/§ AXY2 / X2 // pZ’
S

Feynmann diagrams of single (left), double (middle), and central (right) diffraction with Pomeron exchange,
arXiv:1005.3894
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Motivation: central diffraction (central production)

= Central diffraction, p; + p, > p;'+ X +p,’

» produce interesting system X such as glueballs and hybrid
due to glue-rich nature of Pomeron.

> restrict the quantum numbers of the produced system X (I¢J°¢ = 0*even*?), so final states

canbe ntn™,K*K~,n*tn~ntn~, etc. The #*n~ had been analyzed in other experiments,
£5(980)(JF¢ =0t and f,(1270)(JF¢ = 2**) are observed inthe w*x~ final states.

CMS Prehmmary ppat{s=7TeV,L =450pub” %10°

= 25 T T L F !
§ I [ p,(r)>0.2GeVic, |y(1:)l <:ata E 30:_ p0(770) beam E = 190GeV/c
S ) 7TV mmserigumcypne | 2 6,» is higher than CMS
5 —1Dime MC: exp /2 E 25:_ N p0(770)(]PC — 1——)
s | 1 C
3 151 ; £,(980) - 20:—
3 | b ! i fo(980)
S 1 £(1270) - :
i 10 >(1270)
0] . -
i S
0: %HL* E| Ll | SR O OO
0 2 2.5 3 827 04 o6 038 1 1.2 1.4 1.6 1.8 2
M(rt*) [GeV/cz] Invariant Mass of 77" System (GeV/c?)
CMS result, arXiv:1610.08775v2 COMPASS result, arXiv:1310.3190v1

= The goal is to investigate 7 "z~ final states in CD and provide properties of produced particles.
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Data analysis: double gap topology

= Even though A Large lon Collider Experiment (ALICE) is dedicated experiment for heavy-ion
collisions, ALICE is suitable for investigating central diffraction in p-p collisions.
= Double gap topology
> p, +p, = p; +X +p,’ can be identified if all protons are measured.
» ALICE can’t detect outgoing protons (p,’,p,’) due to absent of very forward detectors.
» Alternatively, we can use double gap (DG) topology to identify CD.

* While intact protons have large pseudorapidity (), the produced system X has very
small n because of small momentum transfers.

* Thus, we have two gaps between intact protons and the produced system X.

¢

P P
1\.\‘/@3 11 .pl’ .

%’ o gap1< o < gap2
125

| ¥ gap 2 o x °
—. gape

P2 —10 -9 0 5 10

n

Central diffraction with DPE and rapidity distribution of produced particles, arXiv:1005.3894
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Data analysis: ALICE detectors

= Double gap topology in ALICE as a trigger

» This trigger was not implemented as online in Run1. Therefore, we use
offline information to reconstruct the DG trigger.

> Requirement: some signals in central reqgions without any activities in forward gaps.

» ALICE has V0, FMD at forward regions to detect gaps and SPD to measure centrally
produced signal as trigger detectors.

» DG InALICE: IVOC & 'WVOA & SPD, where & (!) is logical AND (NOT)
* No signals on VOA,C side and at least one fired chipin SPD
* Sub-sample: IFMDC & 'V0OC & 'FMDA & IVOA & SPD (enhanced gap definition)

Tracking
& PID L TPC: -0.9<1n<0.9

O X SPD outer layer: —2 <n < 2
7 0 +n SPD inner layer: —1.4 < n < 1.4

VOC: 3.7 4 < =17
Trigger outer -—o/<n<—L
% voc | SPD VOA FMDA: 1.7 <n <5.1

s sra e P FMDC: —34<n<-1.7

N 0 +7n
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Data analysis: ALICE detectors

= Trigger: VO, Forward Multiplicity Detector (FMD), Silicon Pixel Detector (SPD)

= Tracking: Inner Tracking System (ITS) + Time Projection Chamber (TPC)

)

\S]
o
'O

= Particle Identification (PID) :ITS, TPC, Time Of Flight (TOF)

-t
@
o
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Pb-Pb {Sy=2.76 TeV 1

-
(2]
o
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TPC dE/dx (arb. units

L L | 1 R | ]
0.2 03 1 2 3 4 5678910 20

TPC dE/dx, arXiv:1402.4476 P
o 1.1 ans
= 1_ : 10°
0.9F °
0.8F 10°
0.7F
0.6 F 10°
05F ,
0.32— i 0
absorber 0'25_ S
S dipole 0% " 05 1 15 2 25 3 35 4 45 5
p (GeV/c)
ALICE shcematic view, arXiv:1402.4476 TOF particle velocity, arXiv:1402.4476
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Data analysis: dataset

= Dataset
» LHC10b, c, d, e, f pass4 (all available data in p-p collisions at+/s = 7 TeV)
» Minimum bias trigger in ALICE
MBgg: VOC || VOA || SPD, where || is logical OR (Total # ~ 418M)
Note that DG is defined only in MByg
» Double gap using VO+SPD: V0C & IVOA & SPD (Total # ~ 1.5M)

= Run quality analysis to evaluate the ratio of the DG triggers, R =N N, :
quality analy G triggers, Rpgyvo = Npgvo/NvBog
U) UL L I L L I T T I L l UL I L I UL I 1T mg 6 L T I T T T T I T T T T I T T T T I T T T T I T T T _
(1:) - ALICE 2010 ZE r ALICE 2010 —— Single run (stat. error) .
E /’ GOOd rU n PP, Vs=7 TeV pass4 \2'5 55 :_ PP, Vs=7 TeV pass4 —a— Period mean (stat. error) _:
10 :— Data —: % T Total MB,, = 418M Period mean (sys. error) ]
- . i 5[ Total DG, = 1.54M \ —=— Total mean (stat. error)  _]
- Gaussian Fit ] e r Roa.vo = (3.70+0.18)x10 Total mean (sys. error) .
- —— = 50 from mean - C .
4.5 — -
=
e E E H l | l .
- ] s E— E
L . C I 1 ]
- - o E
r Sys. from standard deviation, detector effect is not included |
1071 1l | B P allis S BT R A Tl PRI A X1073 25- PR [T TN WO T SO N T T N A N PRI [ T ST TR T NN ST S N _><106

2 3 4 5 6 7 8 9 10 = 0115 0.12 0.125 0.13 0.135 0.14

Roe.vo=Nog v/ NMBOR Run Number
Distribution of Rpg vo Rpgvo as afunction of run numbers and it is stable
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Data analysis: event and track selection

= Event selection procedures to reject pile-up and beam-gas events.

Procedures # of events (%)

MB , offline 418M (100%)

Vertexcut, |z, | < 10cm 345M (83%)

Pile-up rejection using secondary SPD vertex 336M (80%)

SPD Newsters VS- Nerackiets 336M (80%) v
Double-gap 0.98M (0.2%)

" Trackcuts: Standard trackcuts + More trackcuts to select only N-track events

More trackcuts Value

# of shared cluster in TPC <3
Distance between z,,., and z,;,, <6cm
Eta of track -091t0 0.9

No unassociated tracklet for selected track

# of clustersin TPC (LHC10d,e,f) >70

# of crossed rows in TPC (LHC10b,c) >70

Ratio crossed rows overfindable clusters in >0.8

TPC (LHC10b,c)

Chi2 percluster in TPC <4

Accept kink daughter false
Require TPC, ITS refit true
Clusterrequirementin ITS kSPD,kAny

No unassociated SPD fired chip for selected
track

DCA to vertex X,Y pr dependency

0.0182+0.0350/p7°*

Chi2 of TPC constrained global

< 36

PID: Bayesian probabilities are used
P, or Py > 95% are rejected

P, <60% are rejected

DCA to vertexZ <2cm
DCA to vertex 2D false
Require sigma to vertex false

2016.11. 26.

PWG-UD Diffractive Meeting
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Data analysis: event and track selection

= Global track in ALICE: —09 <1 < 0.9

= Another definition of track in ALICE: tracklet

» Aline between one point in SPD inner layer and another pointin SPD outer layer

» Eta oftracklet : —2 <n <2

TPC
—0.9<n<0.9

Global track

Missing in global tracks
but detected in SPD as
tracklet

A

tr

SPD outer layer

tracklet2

interaction point

2016.11. 26.

SPD inner layer

associated SPD Fired chips

unassociated SPD Fired chips

PWG-UD Diffractive Meeting

1. Ntracklets = Niracks: rejected
This means we required
no activities outside of TPC regions
to enhance gap definitions.
Before, no signals in
2.8<n<5.1
—-3.7<n<-17
Now, we can have more gaps in
—-2.0<n<-09
+09 <n <+2.0
additionally.

2. unassociated SPD fired chips
: rejected

reduce noisy SPD chips ensuring
signals are from tracks

11



Data analysis: raw multiplicity distribution

w =r“ r"l I I LI L I LI L I LI L L I LI I LI L I LI I LILEL |= . . . .
L F ALICE 2010 3 X-axis : Multiplicity
c L pp, s=7 TeVpass4 7 Y_gxijs: Normalized entries
T107 ' —=
GN’ = 3
= o, S Black= No gap
e [ xlxu*'x.,(._x_lx' 7] Red = VO double gap
=102 Ty % b .
S1F sy, 3 Blue = Even number in VO DG
- "o, 1 Green = Odd number in VO DG
- )
1078 3 ---x=---No gap with standard cuts in Inl <0.8 =
E ——e—— V0 double gap with special trackcuts E
. I I T Even multiplicity in VO double gap ]
10 | E
E ------- Odd multiplicity in VO double gap E
B L1l I L1 11 I 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1l I_
0 5 10 15 20 25 30 35 40
Multiplicity

 No gap (NG) event can be used as comparison because this refers non-diffractive events.
« NG: IDG & !Single gap A-side & !Single gap C-side
« DG shows clear difference with NG events and has very small multiplicities for all events.
« More of even-multiplicity events than odd-multiplicity events (DPE produce only even
multiplicities) = DG triggers pick up DPE process as well as background.
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1/N dN/dM [(20MeV/c?) ]

2016.11. 26.

Data analysis: raw invariant mass distribution of w7~
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- 0 0 ALICE 2010 .
- KS (500) P (770) pp, Vs=7 TeV pass4 -
_ " a8 ]
» P.I‘ "‘. == == OS pairin no gap -1
—_ ; -:-‘ N fb (980) ~—e— (S pair in VO double gap —-
_ i ——e— OS pair in VO+FMD double gap:
: b £>(1270) :
__|:l L l Ll l Ll 1 l L1l l Ll 1 l Ll 1 l L1l : l 1 i ——
2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

2
Invariant Mass of n*n” System (GeV/c?)

X-axis : Invariant mass of wtm ™
Y-axis : Normalized entries

Black= No gap
Red = VO double gap (~40K)
Blue = VO+FMD double gap (~35K)

p°(770) appeared in DG whichis

not allowed in DPE process

1. photon-Pomeron interaction

2. Feed-down from 3- or 4- body
decay

3. Pure background

Like-sign contamination is very low ~ 3% of total two-pion events.

Again, NG is used as comparison and it has K2 (500) and p°(770)(Jf¢ = 177).
There are clear signals of f,(980) and f,(1270) in both VO and VO+FMD gaps and no difference
between these two gaps. — V0 gap can be used for further analysis due to large statistics.
DG contains DPE process with 7 "7~ final states as well as background.

HIM Meeting



Data analysis: pt distribution of m*7~

-3
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S F i ALICE 2010 1 Xaxis:ppofmwtm™
25— T'hl1 , Vs=7 TeV pass4— . . .
= F i PP "1 Y-axis: Normalized entries
_ Nk ]
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~ | %, - - ~
_8— - . * , % —e— 08 pair in VO+FMD double gap Red = VO double gap ( 4OK)
S 5§ F § 1 Blue = VO+FMD double gap (~35K)
S . | ’:::( I|f -
z [ & :
— N & * ]
10—#' % —
- § FeR -
— xl \‘I —
uk (N .
5H: A5, —

f

OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlII
0 02 04 06 08 12

2
p of System (GeV/c)

« As DPE s related to small momentum transfer in transverse plane, p of produced system
should be very small.
* Mean pg of DG is smaller than NG and there is no difference between VO and VO+FMD gaps.
« DG contains DPE process with 7 "=~ final states as well as background.

2016.11. 26. HIM Meeting



Data analysis: estimation of background

Even though DG selects the DPE process, there is a chance that other processes are triggered
with DG as background.

» Npgan = Ncpzn * €cp2n T Nncp 2n * €ncp 2ne Where NCD means non central diffraction.
* NCD=ND+SD+DD+...

To estimate amounts and shape of background, we used Pythia6
because Pythiab doesn’t have CD process at all.

» Same track and event selections as data are applied to Pythia®.

The goal is to get a purity of data samples and distinguish signal and background in the data.

Purity of data sample

> P = Nc¢cp2n*€cD,2r _ NpG2rn—NNcD,2n*€ENCD,2n _ Data—Pythia6

NpgG 2m NpG2n Data
» Analysis of backgrounds from other sources is ongoing using Pythia8, PHOJET and
STARLIGHT

1. Feed down from high mass central diffraction (Pythia8, PHOJET)
2. p°(770) from photon-Pomeron interaction (STARLIGHT)

2016.11. 26. HIM Meeting



Data analysis: estimation of background
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= B +{' ++{» *{' B ;H i < -4 ﬂﬂ #* i

SRR T g X f # 7

1= ¢ $ # — 11—t —
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L o i L '00.. 06’“.. i

0_ 11 I lgl | [ 11 1 I 11 1 I 11 1 I L1 1 I 11 l?‘m O!I 11 I 11 1 l 1 1 l 11 1 I 11 Irr‘l”r.q. w "

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 2

Invariant Mass of n*1” System (GeV/c?) P of m*n” System (GeV/c)

Invariant mass and p of m ™~ with data (black) and MC (Red). All histograms are normalized with
each Nyp,,

« According to Pythia6, there are large continuum non-resonant background below 1 GeV, and
p°(770) from NCD is observed with the DG trigger.
— Most of p°(770) in the data can be from NCD, not photon-Pomeron interaction.
— This can explain why we observe p°(770)(J¢ = 177) in DPE.

« We may use the cut on py in the data to distinguish signal and background, however, it is
impossible to have a such cut.
— It's hard to decompose signal and background in the data

2016.11. 26. HIM Meeting 16



Data analysis: estimation of background

IIIIIIIIIIIII —
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ek ] S L
< 980 1270 4 €% H
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- ! ‘ | i #
ALY E
or | W {}H ” } ol o ﬂ :
F 0 o 1 it =
—20- P (770) = _40:1* E

[
2 1 i
Invariant Mass of n*1” System (GeV/c2) p, of m*n” System (GeV/c)

Purity as a function of an invariant mass (left) and p (right) of 7+~ system

« Purity of the data sample is about 60~80% at f,(980) and £, (1270), and almost 0% at p°(770).
« Mean value of purity is around 50%.
« If itis possible to get purities including backgrounds from other sources,
cross section of 7 ¥~ system can be obtained and compared with CMS.
* The higherthe pyis, the larger the purity is.
* There is large amount of contamination of data sample inlow pt regions.
* Note that this is model dependent.
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Partial wave analysis: basic formalism

= |n principle, invariant mass spectrum of #*7~ system is mixed with many meson states.

» Partial wave analysis (PWA) allows to decompose particles into different quantum number states.

® Basic formalism?t

» PWA is tool to find out ‘number of events of a given mass bin’ having specific quantum number

* Partial amplitudes: J§,, where ] is spin, € is reflectivity, and M is magnetic quantum number
e.g.Sy,Di,Dy,D{,... (complex number)

* Number of particles in one mass bin =|J¢, |2

> Likelihood function for finding ‘n’ events of a given bin with a finite acceptance n(Q):

° — ﬁ - n I(Qi)
L= [n! € ]Hi fI(Q)n(Q)dQ]

» By applying extended log-likelihood method, equation is simplified to minimizing function F.
* F=-,InI(2)+ X, tin€m, Wherei is event number and (L,M) are quantum numbers.
* Angulardistribution fromthe data: I(Q;) = Y, t;yReYM(Q,)

,where YM is a spherical harmonic function and Q; is solid angle of 7+ in GJ frame.
* Efficiency term from MC: ¢,,, = NA‘—”Z]- ReYM (©;), for acceptance correction
gen

* t,y: fit parameters, but can be exchanged to partial wave components, J5;.

* Minimizing F using Minuit (MIGRAD) in ROOT

tSuh-Urk Chung, “Techniques of Amplitude Analysis for Two-pseudoscalar Systems”, Physical Review D56, 7299, 1997
2016.11. 26. PWG-UD Diffractive Meeting



Partial wave analysis: correlation between fit parameters

t; , have correlations with partial amplitudes and we can obtain J;; doing PWA.
Vo = ISy [ + [Py [P+ Py P+ P[P+ |Dg P+ Dy [+ DY P+ (D5 [* + D5 |
Vanng = %(\/ED{ P +V15D| P + 5Py Sy +2V5Py Dy)
Vant, = ‘/g(\/ﬁug P+ V15D, Py + V15D, Py +5P; Sy)

1
Vany = g(\/E(lomo 2+ 5Dy |*+5|Df > = 10|D; [> = 10|D5 [> + 14|Py > = 7|P > = 7|P; )
+70D; Sy)

Vanty, = \/ sFD,D, +358, D} +5D; (V15D; +7Dy ) +7V15P; P,")

47ty = %\f (70D5 Sy +V15(5|D; | = 5|D{ > +7|P; |> = 7|P}|*) — 20D, D)
Vantz) = ﬁ (V3Dy Ry ~D{F —DP))

[3

Vant, = %(401 Py +6V3D,P; —Dy P —D, P])
6

V4m32:\/iD|P1 ~D{ P +PF D)

Vianny = —= \/7 (D P, —DyP) s

Vatio = 5 61Dy = 41Dy P = 4ID{ P+ D3 + D3 ) These terms have deep correlation with
Vit = ‘f D/ D} +D;D; —2v3D, Dy) M = 2 waves.

VAt — W (D — 1D+ v/3D5 D3) Our analysis results show these are

compatible to zero, therefore, we can

VTt =1/ D; D, —D| Dy .
i \[( ) ignore M = 2 waves.

\/Em_\/?(mq —|D}?

\ 4

v

2016.11. 26. PWG-UD Diffractive Meeting
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Partial wave analysis: GJ’-frame

= Gottfried-Jackson frame is used as the coordinate system of PWA.

» Pomeron mechanism

* z-axis: p, of incoming Pomeron in the n* 7~ rest frame

* y-axis: p,Xpy in LAB frame

* x-axis: p, xp, in the =~ rest frame

» As we can’t detect outgoing protons, we don’t know momentum of Pomerons.
— Proton mechanism, ignoring Pomeron in this case (GJ’-frame)

2016.11. 26.

* z-axis: p, of incoming proton in the =*n~ rest frame

S

Yej

GJ’-frame with production plane

) . -
/ Production plane /
/

GJ’-frame with definition of solid angle

PWG-UD Diffractive Meeting
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Partial wave analysis: 1(£};) in minimizing function F
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Raw angular distributions in the data.
These are decomposed to different
partial amplitudes according to spherical
harmonics with acceptance correction
using PWA.
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Partial wave analysis: €;,, in minimizing function F

= MC set: special generator is prepared for partial wave analysis
» Generator: DRgen from COMPASS, p+p-»p+X+p-o>p+ntn +p

* system Xis produced from double-Pomeron exchange and decay toonly m* 7~

» Generated system has |yX,Gen_| < 2, however, |yX,Gen_| < 1 is applied to impose proper condition of CEP

= ¢, roughly means acceptance X efficiency for (L,M) quantum numbers

-J.V-: | =

h &10) 1) €(20) L q21)
i ' 1oLl '
" lfh-lj_]l.nru

T A O O B Y B T T 7 B R - K T T -
iant Mass of n'x” System (GeV/c?) Invariant Mass of n*n” System (GeV/c?) nvariant Mass of 'z System (GeV/c?)
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Partial wave analysis: Results

" Used wave-set=S;,Dy,D7,D{ (spin 0,2)
» M = 2 wave assumed to be zero based on t;,, results.

» P-waves are not included to reduce uncertainties (DPE produce only even spin waves).

» The reflectivity — and 4+ don’tinterfere each other.

» Width of mass bin = 40 MeV/c? and (0.32.1.6) GeV/c? are used due to limited statistics
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Invariant Mass of 7*x” System(GeV/c?)

The f,(980) and £, (1270) are
appeared in spin 0 and 2
respectively as expected.

Large continuum background is in S-
wave at low mass regions, and there
is almost no background in D-waves.
1, (1270) is appeared in all D-waves.
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Partial wave analysis: mass dependent fit

= Intensities are fitted with coherent background and one Breit-Wigner function

Fqe = ’(a() - eial) : bkg(m) + ar, BW (m) |2

phase factor 4 (b o—ba?
between background bkg(m) = /ﬁe( 197028 for S-wave

and Breit-Wigner

bkg(m) = 1 for D-wave

mI'(m) (m) =T 2

BW (m) = , AN el
(m) m2 — m% — imoI'(m) m B%(q%Rz)

ay, aq,a,,bq,b, : fit parameters

m,, I, : mass and width of resonance (fit parameters)
q : breakup momentum

B, : Barrier factor from [1]

R : empirical interaction radius (~1fm)

[1] F. Von Hippeland C. Quigg. Centrifugal-barrier effects in resonance partial decay widths, shapes, and production amplitudes. Phys. Rev., D5:624—638, 1972.
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Partial wave analysis: mass dependent fit of |Sy |

10°
> 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
: e
8 12— ALICE 2010
JORE pp, Vs=7 TeV pass4 -
C e
— 10}
8 __ —e— Data (stat. error)
: =— Total fit
6 :§-' Breit-Wigner
: ":‘ ----- Background
4 ,. -"\ ----- Interference
2 —
0 - —
i 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

0.4 0.6 0.8 1 1.2 1.4

1.6

Invariant Mass of *+ ~ System(GeV/c?)

X : Invariantmass of m Tt~
y 1 1S5 I2

The data is well-fitted with

large continuum background and
f,(980) signal. Two functions are
interfered each other at f,(980)
regions.

f0(980) Mass (MeV/c?) Width (MeV/c?) x%/NDF
PDG 980 + 10 40 to 100
From fit 965 + 21(stat.) 56 + 42(stat.) 14
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Partial wave analysis: mass dependent fit of £|D|?

10°
-B,‘ _I I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 L
‘D 40l 2 ALICE 2010 _
E, " DI op, \s=7 TeV pass4 4 X - Invariant mass of w*n~
c I 1 vy :E[DI?
8__ —=e—— Data (stat. error) __ q -
i ot 1 The data is well-fitted with
| ot Wignor 4 small constant background and
Sl I Background -1 f>(1270) signal. Two functions are
- nterforence 4 interfered each other.
L 7
L JH- . ]
- L__ AR -
B -—L+“L_.__Ln TTTr :.:.-..-. .............................
oalﬂ_._i 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ‘I'.;.':I.I'-_-
0.4 0.6 0.8 1 1.2 1.4 1.6
Invariant Mass of *+ ~ System(GeV/c?)
f,(1270) Mass (MeV/c?) Width (MeV/c?) x*/NDF
PDG 12751+ 1.2 185.1137
From fit 1257 + 16(stat.) 187 + 37(stat.) 0.94
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Conclusions

= Data analysis

» Double-Pomeron exchange dominates central production at high energies and generates
only even multiplicities.

» ALICE could measure central productions by utilizing double gap topology.

> T~ final states are studied with special trackcuts and
f0(980) and £, (1270) are clearly seen.

» Currently, purity is estimated as 50% and cross section will be obtained using various MC.

= Partial wave analysis has been done to get properties of produced particles.

» Spin, mass, and width of produced particles are obtained.

f0(980) Mass (MeV/c?) Width (MeV/c?) Spin
PDG 980+ 10 40to 100 0
ALICE 965+ 21(stat.) 56 + 42(stat.) 0

f2(1270) Mass (MeV/c?) Width (MeV/c?) Spin
PDG 1275.1+ 1.2 185.1+29 2
ALICE 1257 £+ 16(stat.) 187 + 37(stat.) 2

» Systematic uncertainties and cross section of f;,(980) and £, (1270) will be obtained.
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T~ invariant mass distribution from other experiments

Invariant mass of n, p¢‘55< 0.1 GeV/c, not acceptance-corrected, statistical errors only
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Silicon Pixel Detector (SPD)

1200 chips
400 atinner and 800 at outer

THE ALICE SILICON PIXEL DETECTOR (SPD), A. KLUGE

2016.11. 26. HIM Meeting
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Vertex distributions
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SPD clusters versus SPD tracklets cut
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Rejected events from trackcuts
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Bayesian probabilities
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mean pr Vversus mass, pr versus mass
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Estimation of background with mother particle
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Differential cross section of DRgen (MC)

do—plpz—)pIsz — ebtl (1 . x1)1—2ap(t1)ebt2(l . x2) 1_2alp(t2)GPP—)deldqudedqu

b :8GeV~?

t,,t, : Transfer momenta of Pomerons

X1,X, . Feynmann variables of outgoing protons
ap : Pomeron trajectory, ap = 1.08 + 0.25¢

q1,q- : Transverse momenta of outgoing protons
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Angular distribution of MC
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PWA based on t;,,
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Barrier factor
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Fig. 3.10: Barrier factor B as a function of z = (¢/qg)* with [ = 0,1,2.
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Feynmann diagrams of DPE

Pa Pa

n*(p;)
Seik

T~ (pa)

Pp Pb

(a) Continuum (b) Resonances

Fig. 1.2: Feynmann diagram of the central diffraction producing dipion system. Both protons are intact only
exchanging small momentum transfer t; = (p, — pi )2, = (pp— p2)2 with Pomeron (IP) at high energies. On the
left is continuum production of dipion pairs and on the right is resonance production i.e f(1270).
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