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LHC GPD Detectors: ATLAS and CMS

- General Purpose Detectors

TRACKER

CRYSIAL ECAL 1001 weight : 12500 1
Overall diameter : 150 m
Overall length 216 m
Magnetic field : 4 Tesla

PRESHOWER

Sm

SUPERCONDUCTING
MAGNET

- FORWARD
~ CALORIMETER

MUON CHAMBERS

Muon chambers Solenold magnet Transition radiation fracker

Semiconductor fracker
ATLAS CMS
Axial Magnetic field 2T 38T
Track momentum resolution o/p72 [GeV]!  ~0.05%pt + 0.015 ~0.015%pt + 0.005
Lifetime resolution ~100 fs ~70 fs
ID tracking [Nmax| 2.5 2.5
Muon System |Nmax| 2.7 2.4
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CMS JHEPO4(2013)154
“ X(3872) Production

x10°
- CMS measurement of X(3872) production g 100 | 10<pr<50 GeV f:‘ita\%”"v
cross-section in the decay J/¥nm § " V<12 e
- Under assumptions of: Unpolarised, J°¢=1** g 60; ;
- Inclusive ratio R: (in corrected region) 5 401 l g
7lpp —» X(3872) + anything) - BIX(3872) 2 W 1) _ (656 + 0.29 (stat.) + 0.65 (syst.))% Jk 3 S el

o(pp — ¥(2S) + anything) - B(p(2S) — J/prtn—)
- Intermediate o° state favoured

- Prompt cross-section: NRQCD - reasonable in shape, ¢ 7 5:3”6‘(;}“"37{97!)[ cov
- overestimation to data

- Average Non promp’r Frachon 0.263+0.023(stat.)t O. Olé(sys’r)
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http://link.springer.com/article/10.1007%2FJHEP04%282013%29154

CMS, | PLB 734(2014)261-281
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 Peaking Structures in Decays of If%]/ '1”(|)K_Jr

- First seen at CDF: arXiv: 0903.2229v?2 CMS {s=7Tev,L=52fb"
1.008 < m(K*K") < 1.035 GeV
- Identified through 5-track vertex fit, m(J/¥) constraint,

Am < 1.568 GeV
¢ Data

- 1008 < m(K*K") < 1035 MeV, using KK

combination with min. mass.

= Fit
1400 ‘e = = Background
L 4

Candidates / 5 MeV
>
S

- Analysis performed in bins of rel. eff. corrected
Am = m(uuKK) - m(uu); B yields in 20MeV slices 500

- Observation (>50) of peaking structure at:
- M = 4148.0 '|_' 2.4 (51'01'.) "_' 6.3 (SySf) MeV 815 = '5_2 5.25 5.3 5.35 . —5'4-? 5.45
mJAYK'K K" [GeV]
- T = 285 (stat.) + 19 (syst.) MeV

1O

MS, \s =7 TeV, L=5.2 fb™
T T T | T T T T | T T T T | T T T

. . o 300 T T

- First structure consistent with X(4140) A —+— Data .l -

- and rel. Br = 0.1+~0.3, consistent with CDF Ezso:— _______ Fhooa oy PS (global fit)—

and LHCb upper limits. S B . 16 uncertainty band

—~ 200 - . — — Event-mixing (J/y, ¢, K+) _

- Evidence of second structure at: m Y oo Eventmixing (U, 0K7) 4

- M = 4313.8 + 5.3 (stat.) + 7.3 (syst.) MeV < 150;— + —

- T = 38*30_j5 (stat.) + 16 (syst.) MeV 00~ + + H’ -

- Possible complications from @K resonances T e i

- Full amplitude analysis for J/¥KKK needs increased F
statistics and improved knowledge on ¢K* or J/¢K*+  OF
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http://arxiv.org/abs/0903.2229v2
http://www.sciencedirect.com/science/article/pii/S0370269314003657

Search tor Exotic Bottomonium-like States

- Xp : Analogue of X(3872) expected in bottomonium sector
- Various theoretical models / approaches to explore sector
- 10,562 GeV (BB), 10,604 GeV (BB*) thresholds
- Alternative possibilities also allowed in ranges 10 - 11 GeV.

- CMS: Js=8TeV, L =207 fb! ; PLB 727 (2013) 57-76
- ATLAS: /s =8TeV, L =16.2 fb! ; PLB 740 (2015) 199-217

- ATLAS and CMS performed search for X in the decays of Y(1S)mm

- cf: X(3872) to J/¥nm: Branching Ratio of 6.56% relative to ¥(2S)
to J/¥nm

 o(pp—= Xy = Y(AS)nTnT) o8B
~ o(pp = Y(2S) = Y(AS)rt7~)  0ag - Bog

ATLAS search also for Y(13D7), Y(10860) and Y(11020)
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http://www.sciencedirect.com/science/article/pii/S0370269313008095
http://www.sciencedirect.com/science/article/pii/S0370269314008648

Sample Selection

- Selection optimised to maximise expected significance near Y(25S)

ATLAS CMS
pT(Y(1S)rm) > 5 13.5 GeV
ly(Y(1S)rrr)| < 2.4 2.0
y>(YQaS)nr) < 20 P>10%
pT(p) > 4 2.5 GeV
In(w| < 2.3 2.1
pT(pp)> - 13.5 GeV
ly(np)| < — 2.0
x(up) < 100 P>1%
pT(m) > 400 400 MeV
In(m)| < 2.5 2.5
p(x*(mm)) > - 10%
AR(m, Y(15)) < — 0.7

- For efficiency determinations, MC is reweighted to CLEO di-pion mass distributions.
- Central results is presented under assumption of zero polarisation (isotropic).
- Variations of spin-alignment envelope considered:

- CMS: systematic from fully - All candidates passing selections retained in
transverse or longitudinal. analysis

- ATLAS: reassessed for different

L - CMS:  72.3 candidates per-event
spin-alignment hypotheses.

- ATLAS: 719.5 candidates per-event



Sensitivities (1)

- ATLAS studied data according to: - 0* angle between

- cos 6% vs pT(Y(1S)mrm) di-pion momentum in
_ Retain all data parent rest-frame and
' parent lab-momentum

- maximise significance for weak signal
at M =10.561 GeV

M = 10.561 GeV Background Significance

ATLAS Simulation = ATLAS 1Is=7TeV,46fb' x10° ATLAS Simulation
180 40 © 40
O 35 % 25
Q 35 Q 35
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Candidates / 8 MeV

Candidates / 8 MeV

Sensitivities (II)

Data sample separated into 2°
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(b) Barrel, low pr, high cos 6*
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Mass Distributions

- Selected Y(1S)mm distributions for the central and forward regions of
the detectors (ATLAS shown for most sensitive pT and cos 6* bins).

Clear Y(2S) and Y(3S)
- No obvious additional structures seen.
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R —

Signal Extraction

opp = Xp — Y(AS)nT7™)

o(pp — Y(2S) — Y(1S)n+7—) -

€
obs obs Xp
NXb = R X NT(ZS) X

€71 (2S) |

Efficiency x Acceptance corrections from MC

Perform hypothesis testf, 10 MeV
intervals: ~“10-11 GeV (veto Y'(2,35))

- Signal shape parameters fixed to
simulation;

- signal strength allow to float

Normalised to Y (2S) yields:

- validated on Y'(3S) :
- ATLAS: predicted: 11,400 + 1,500
-  ATLAS: fitted: 11,600 # 1,300

ATLAS: Fit is performed simultaneously to
the 8 (2x2x2) Iyl,pT,cost™ bins

23/07/2015 — EPS, Vienna, J.Walder 10
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p-value

Results

- Local p-value significance (background-only hypothesis) and
expected values for analogous X(3872) Branching ratio R, and weaker (3%)
value (ATLAS).

(O] N
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V o ] \/'—V\/‘V'\/ Vad @
CTWTV A o TMMVE \[ VT E
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0= L =207f"' 4c 10 —— Observed Significance T _ | @
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10 — 55 — I Expected Significance for R = 6.56%
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- Expected significance for R = 6.56% exceeds 5c across range.
- CMS - largest statistical significance of 0.8c,
including ‘look-elsewhere-effect’
Lo
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Upper limit on R
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Production Rate Upper Limits

In absence of signal, upper limits on relative production rates are sef:

| | | | |
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Upper limits on the production rate R (relative to the Y (2S) rate):

Increased sensitivity with increasing mass for ATLAS data due
to splitting up of data (most sensitive bin with falling background mass-shape)

- CMS:
- ATLAS: 0.8 - 4.0% (m >10.1 GeV)

09 - 5.4 % (m > 10.06 GeV)

- at 95% CLs. (Y(2S) and Y'(3S) mass regions excluded).

23/07/2015 — EPS, Vienna, J.Walder 12
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[ imits under Spin-Alignment Variation

- 'Y (2S) measured to have negligible
polarisation, arxiv:1209.2922

- expected that produced Y(1S)
similarly polarised.

- Xp however is unknown.

- CMS assigns 25% systematic -

- MC Eff. differences between
fully trans. and fully long.

Upper Limit on R

95% Cl
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3
Search for Y(1 DJ),Y(1086O) and Y(11020)

Y(1°Dy) triplet fit attempted with additional signal shapes for the three masses:
10,156, 10,164, and 10,170 MeV.

- No excess of events over background observed.

- Upper limit of relative cross-section: o(Y(1°Dy)) / o(Y(2S)) < 0.55.

- (using Br(Y(1 Dy)->Y(1S)rrm = (6.6+1.6)x10~°)

Broad resonances Y(10860) and Y(11020) searched for in grid of mass and width,
(using world-average masses and uncertainties).

found,

No evidence

for the production
of Y(10860) of
Y(11020).

Plots shown with rates
O10860 = 100(2S)
O1o020 = o(2S)xB(25S)

23/07/2015 — EF
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Summary

In the production and decays of Exotic mesons at ALTAS and CMS:

CMS reports: JHEP04(2013)154

- Measurement of inclusive, and prompt differential cross-section of X(3872), and NPF.
PLB 734(2014)261-281

- Measurement of peaking structure in B* —J/¥gK*
- Mass consistent with previously observed X(4140).

ATLAS and CMS present limits: - CMs: PLB 727 (2013) 57-76
- ATLAS: PLB 740 (2015) 199-217

- search for X, in the decays of Y(1S)mm
No evidence of Narrow resonance that decays into Y(1S)mm
- Upper limit on Production Ratio set (95% CL):
- 0.9-5.4% (CMS) and 0.8-4.0% (ATLAS) dependent on mass.
- Analogous value R=6.56% excluded.
- Limit calculations under spin-alignment scenarios computed
- No evidence for Y(1°D5), Y(10860) and Y(11020)

Expected isospin suppression of Y(1S)m*n” limit yields (cf X(3872)),

- Isospin allowed modes present greater challenges to GPD detectors
(IOW OCCQPTGHCG) M. Karliner, J. Rosner, PRD91 (2015) 014014; 1410.77293 [hep-ph]

Turn over all ‘stones’, revisit y,(3P) for possible mixing scenarios.

& &
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http://link.springer.com/article/10.1007%2FJHEP04%282013%29154
http://www.sciencedirect.com/science/article/pii/S0370269314003657
http://www.sciencedirect.com/science/article/pii/S0370269313008095
http://www.sciencedirect.com/science/article/pii/S0370269314008648

Backup

23/07/2015 — EPS, Vienna, J.Walder 16



Experiment

CMS

CMS

CMS

ATLAS

Results from ATLAS and CMS

Luminosity [fb-] Energy [TeV]

4.8 /
5.2 /
20.7 3
16.2 38

23/07/2015 — EPS, Vienna, J.Walder

Measurement of the X(3872) production cross section

JHEP 04 (2013) 154, arXiv:1302.3968

Observation of a peaking structure in the J/y@ mass

spectrum from B+ decays arXiv:1309.6920

Search for a new bottomonium state decaying to Y(1S) 1

+T1- in pp collisions at Vs= 8 TeV

PLB 727 (2013) 57, arXiv:1309.0250

Search for the Xb and other hidden-beauty states in the 1

+11- Y(1S) channel at ATLAS

"3 4

PLB 740 (20195), pp. 199-217, arXiv:1410.4409 3

e
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http://link.springer.com/article/10.1007%2FJHEP04%282013%29154
http://link.springer.com/article/10.1007%2FJHEP04%282013%29154
http://dx.doi.org/10.1016/j.physletb.2014.05.055
http://arxiv.org/abs/1309.6920
http://www.sciencedirect.com/science/article/pii/S0370269313008095
http://www.sciencedirect.com/science/article/pii/S0370269314008648
http://www.sciencedirect.com/science/article/pii/S0370269314008648

Predicted to sit below the B-D %
strong threshold between charmonium N
and bottomonium states. 5
Dataset: 7 TeV (4.9 fb™') + 8 TeV (19.2 fb™). B
B*. reconstructed in J/¥(uu) m* decay mode
- di-muon system constrained to m(J/¥)ppe
Selection criteria optimised (separately)
on S/J(S+B) at each energy from MC.
- Main analysis selections:
- pT(u2) > 6, pT(ul) > 4 GeV >
- pT(m) > 400 MeV S
- Pion dy significance cuts 2
- pT(B*.) > 15 (18) GeV at 7 (8) TeV i

B*. system then combined with two
additional charged pions, :

pT(m) > 400 MeV

23/07/2015 — EPS, Vienna, J.Walder 18
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Observations: Excited Bc

Define the mass-difference:
Q = m(BCiWJWr—) — m(Bci) — 2. m(ﬂi)
- to reduce effects of detector
resolution

Events / 20 MeV

Total significance 5.20
(incl. ‘look-elsewhere effect’)

- 370 @ 7TeV, 4.50 @ 8TeV
- Established using AlnL through
- Pseudo-experiments

Events / 20 MeV

New structure observed at mass:
M(Bcrt) = 6,842 + 4 (stat.) + 5 (syst.) MeV

- Consistent with predictions of
B:(2S) meson.

23/07/2015 — EPS, Vienna, J.Walder 19
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Data—taking in 2011-2012

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

25\ T T T T 25
- ~N/ m— 2010, 7 TeV, 44.2 pb™!
=) ") == 2011, 7 TeV, 6.1 '
>20 U\ = 2012, 8 TeV, 23.3 ' 120
.a 7
o
£
€ 15t 115
=
-l
T
% 10/ {110
©
1.
o
@
o
E 5 15
I
i}
o
|—

& 3 ) ) C) Q x ] c 0

o N g W ) C o e
A DT W W AW 0T (6 0T w0 (0
Date (UTC)

- B-physics sensitive to correct
choice of primary interaction

vertex

- Detector data taking efficiency > 93%
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Iriggering for B- phy51cs

- 3-level system O(20MHz) -> O(200Hz) S ok, ; ' ATLAS Proliminary 4
- Level 1 - hardware O(75)KHz Z i - . _
- Level 2 and Event Filter £ F Jve g s ves) -
- Software-based L 3

- Offline-like reconstruction 10°k
software ; :
- B-physics statistics typically low-pT s=7TeV [Lat~23f" T
- Primary B-physics triggers: 2 4 6 8 10 12 14

- Two muon signals at Ll

106;: 2011 Run, L = 1.1 fb”
i CMS Vs=7TeV

- confirmed at L2/EF with vertexing
and invariant mass criteria applied

[ low p_double muon
high P, double muon

Events per 10 MeV
301
ul

- Varying thresholds and prescaling
applied to maximise signal rate

z

- For analyses presented here -
typically u4ué4 or ubusd thresholds

used: 1
Mé4 4 (u6bu4) un-prescaled for o
majority of 7 (8) TeV data-taking. : LA

oo
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Differential Cross-section ¥(2S) in |/ W?‘M

Entries / 4 MeV

x10° I
100_— —=— Data o
i it ]
80__ ----- Background o
i y(2S) Signal I
50 . e .
40 el -
- ATLAS -
201~ —
i (s=7TeV, 2.1fb™ i
I N B I R R R R

03.60 3.6 3.70 3.75 3.80 3.85 3.90

M e [GEV]



CMS: X(3872) Cross-section and NPF

TRy - BOX(3872) = Jprt ) =
1—f )1(3(3872)
R prompt
K (%(28)

1= fyes)

B(p(2S) = pp))

B((2S) = J/ymn)
B(y(2S) = utu=)

oPOMPY (pp — X(3872) + anything) - B(X(3872) — J/¢rt 1~) = 1.06 - 0.11 (stat.) £0.15 (syst.) nb.

-
o
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T
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Q

B x d“c”“'/dp_dy (nb/(GeV/c))
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Q
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prompt y(2S)— u* uw, corrected for acceptance
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E_'—D—'P-O* _E
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C VNS ]
— ’__Q._<| -
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= ni E
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— uncertainties not shown
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JHEPO02(2012)011, arXiv:hep-ex/1111.1557.
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prompt y(2S)— u* w, uncorrected for acceptance
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CMS: X(3872) Systematics

_ o(pp — X(3872) 4 anything) -

B(X(3872) = J/pitm)

Nx(3872) - A¢(2S) " €p(2S)

R , _
o(pp — ¥(2S) + anything) - B(y(2S) — J/prtn~) Ny (25) - Ax(3872) * €X(3872)
R _ Nx(sr2) - €pes) T T el T ous o rTor ]
fiducial — N e ’ £ 011 L-as 2fb" E 0.1 L= 48 2fb-1 3
¥(25) " EX(3872) ot A R & R
0.09] = 0.09F l ]
, : 0.08] K ] . 0.08f <
Weight correction our |+ e E
NEin NEin 0.06 f ‘7%4’ = 0.06 f # B
<1> =5y Ni YN, - - ]
A€/pn iZAE) T 0.05F = 0.051- -
- m— 0046553 dg 50 %626 a0 4o 50
Source Relative uncertainty (%) p_(Jhp " ) [GeV] p_(Jhp x* ) [GeV]
Common to Rgjgycia and R
Fit functions 1-2 Polarization Relative Polarization Relative
€ (Vil/l__) <1 X(3872) | ¢(2S) | shifts (%) || X(3872) | ¥(2S) | shifts (%)
e(mt) N 1-5 CST CSL —28 CST unpol —8
Eff1c1.e.ncy statistical precision 1-3 CSL CST 131 CSL, unpol 122
Specific to Ryiqucial HXT HXL +86 HXT unpol +28
X(3872) pr spectrum 25 HXL HXT —49 HXL unpol |  —31
$(25) pr spectrum 1-4 CST CST 1 anpol | CST +8
Total systematic uncertainty in Rfgucial 4-8 CSIL CSL. _5 unpol CSL. )
Specific to R HXT HXT —6 unpol | HXT —27
X(3872) p spectrum 1-11 HXL | HXL ~1 unpol | HXL 425
P(2S) pr spectrum 1-4
m(7t 717 spectrum 1-2
Acceptance statistical precision 1-3
Total systematic uncertainty in R 5-13 5 &
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Peaking structures in decays of B —]/Y®PK

CMS, Vs=7 TeV, L=5.2 fb’’
> N ! ! | ] % 400
% 500 —+— Sideband-subtracted Data — = 35
- - —— Fit . Q
g 4000 M(B=*) = 30 =
g N L) 4 — 250
I 300 - Z
'-g - | ] 200
8 2005— | : _E 150
100 # ) ] + + + - 100
5, 3t ' 1 50
SRR R T
- . 0
-100 + | | ‘} +| -
1 1.02 1.04 1.06 -50
m(K'K") [GeV]
m; (MeV) TI'71 MeV) myp (MeV) I, (MeV)
B* background PDF 0.8 7.4 2.6 9.9
B signal PDF 0.2 3.6 2.7 0.2
Relative efficiency 4.8 6.0 0.9 10.0
Am binning 3.7 1.5 2.7 0.2
Am structure PDF 0.8 9.3 0.6 49
Am mass resolution 0.8 6.4 0.6 4.6
Am background shape 0.2 7.0 0.3 0.2
Selection requirements 0.8 7.8 5.5 1.8
Total 6.3 19 7.3 16
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CMS: Signal Extraction

Efficiency ratio from MC,
- MC dipion mass distributions

olpp = Xp = YAS)n n™)  o-B
o(pp — Y(2S) — Y(1S)nt7~) 025 - Bos
NODS — R Nobs X |
Xb T (25) < €1(25)

reweighted according to CLEO data

Signal shape parameters fixed tfo
simulation;

- signal strength allow to float

Fits performed at each mass-hypothesis

point.

Assumption of zero polarisation is

treated in systematics.
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ATLAS: Signal Extraction

, , >30000F , 7 ae | . .
- Extracted yields normalised to fitted Y(2S) 2 - ATLAS \s=8TeV, 1621 7
N E
A . 8200005 __ Signal Component =
N = Nss - R- : S150001 <" =
AQS €25 §100003_ O, = 5.77+-017MeV
— - N; = 23530 +/- 720 .
R— o(pp — Xp — T(ls)WjLW ) _ 9 B 5000% m = 10023.31 +/- 0.16 MeV ]
o(pp — Y(2S) = Y(1S)ntn—)  o9g - Bag N D -
R o B |
- Validated on Y(3S) 4000:—7Gaussiagn Components .
- predicted: 11,400 * 1,500 2000} E
O_I ........... I _
- fitted: 11,600 + 1,300 9950 10000 10050 10100

m(x* 7= Y(1S)) [MeV]

- Perform hypothesis test, 10 MeV

intervals: 10-11 GeV (veto Y'(2,35)) > 7000~
% B ATLAS Vs=8TeV, 16.2fb"
- Mass window for each fit: m+8a: 0 6500 E
n
- 0: 72MeV@ 10 GeV - 224MeV g 6000; E
@10.9 GeV § 5500 * T yict2 13
o , 500" — Signa) Component 1 P20 GeV
- Fit is performed simultaneously to : c050">0
- Ng= 1390 +/- 210
the 8 (2x2x2) lyl,pT,cost™ bins 4800 -
-2 Totarsignal P
500:_ ----- Gaussian Components E -
0_ A S, : + 3‘ @

10400
m(xt = Y'(1S)) [MeV]

27 10300



M(up) Y distributions
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Observations: Y, (3P) b 70‘9/2072/ o
07

- First published observation of a new ‘particle’ by LHC, ;; 70;— TLAS o —;
- Ldt=4.4f0" 7
reported by media. o 60- f E
Z - e Data ]
i i : g 50:_ — Fit —:
- Xu; J ftriplet states of bound b b-bar pairs of 3 - Unconverted Photons T Background
Bottomonium system: S 40F ‘ E
- Studies of QCD close to the strong S 30 , =
decay threshold 2 - -
s 20F , * * =
S BN \ SV 7 SO, * :
- Observation of a new state through 101 B +—:
radiative transitions to Y(1S), Y/(25) . AN .
Y (ns) 9.6 9.8 10.0 102 104 106 10.8
o) MR m(wwy) - mu') +my o [GeV]
- Photons reconstructed as: 520 ———
- Unconverted photons (Calorimetry) 200 ATLAS o Data:Y(1S)y —— Fitto Y(1S)y

> e E

= = | E

- Converted photons (ID) & 1802—f Ldt=4.4fp" [} » DY@k —— Fttox(@sh 3

Z 160 e Background to Y'(1S)y E

4&3 140 - e Background to Y(2S)y -

. . . . © — ]

- r;/]\ca)s(s(gggsslir;’rl;[’rh predictions TE 120;_ Converted Photons_i

° pret: 8 100 =

- 10.530 + 0.005 (stat.) + 0.009 (syst.) GeV. -  sob E

=. C ]

PRD 91, 014014 (2015) = 60y e E
- Possible scenarios for mixing of x,(3P) with 40F
exotic X, states - interesting further studies. 20F-

1 1 1 1 1 1 | IA 1 1 1 1 1 1 1 ]
9.6 98 100 102 104 106 108
m(uuwy) -mu'w) +m o [GeV]
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