RECERN] RESUI [ 5
FROM AMS

2" of October 2014

Vincent Poireau, LAPP Annecy
On behalf of the AMS collaboration

LHC Days in Split

. viwancIOG|ELIaR'S Palace/ Patazzo Milesiuc- gl g VAL -~V . T AT A
1 PP SOt 110011 Y B g arony 5 ehtmn e R ) |

i3




The AMS collaboration published two new important results on
the 18t of September

New results on the physics of electrons and positrons
e Positron fraction
- Phys. Rev. Lett. 113, 121101 (2014)
e Electron flux
- Phys. Rev. Lett. 113, 1211012 (2014)
e Positron flux
. Phys. Rev. Lett. 113, 121102 (2014) |
o Combined (e + e*) flux
 Preliminary results, submitted to
Phys. Rev. Lett.
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e Charged cosmic rays g f
g E e, proons £ 2
e 99% nucleons =102 N » B B

« 89% protons, 10% helium, 5w’ e 3
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1% heavier nuclei
e Electrons 1%, positrons 0,1% '
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e Cosmic rays with E<10%® eV come from our
Galaxy
e Accelerated in supernova remnants

e Produce naturally a power law for the flux
e pocEY y=-2.710-3.5 (spectral index)

Vincent Poireau




/

Observation

|

Production and Propagation (diffusion)
acceleration in our Galaxy

: -_nknowp -
source ':. e\ S

e Primary cosmic rays
e Produced direcly in the source
e Known sources (for E<10%): supernova remnants
e Primaries include
« Electrons, protons, helium, carbon, ...
e Secondary cosmic rays
e Originate from the interaction of primaries on interstellar medium

e Secondaries include
« Positrons, antiprotons, bore, ...

e Additional sources of electrons and positrons?



e Additional sources ? AMS

Annihilation
y+y—e . py...

e From particle physics: dark matter .« '

DARKSIDE |
XENON 100
CDMS 11

Scattering
X+p—=>x+p

N

X+tx<p+tp
Production

LHC

e From astrophysics: pulsars

e AMS is bringing essential
Information to answer these questions
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o AR

e A particle detector in space
e Detect charged particles and gamma rays
e From 100 MeV to a few TeV

7.5 tons

. l/\ 5m x 4m X 3m
? L [

e 280 physicists
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e Launch from Cap Canaveral on the 16 of May 2011
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Installation on the ISS on the 19t of May 2011
e Orbit at 400 km altitude
e One orbit every 90 minutes

Detect the cosmic rays before they interact in the atmosphere
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e Acquisition rate from 200 to 2000 Hz Ach|S|t|on rate [HZ]
e Continuous operation 7d/7 24h/24

e Acquisition
o ~40 millions events a day
e ~100 GB transferred every day
e 35 TB of data every year

e 200 TB of reconstructed data every
year

e 54 billions of events recorded since May 2011 (40 months)
e Much more than all the cosmic rays collected in the last 100 years

e Will operate at least until 2020
e Analyses presented here up to November 2013

Vincent Poireau



Transition radiation
detector
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Cosmic rays

Magnet 014T
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Cherenkov detector

EM calorimeter Zo=

E ofe*, e,y
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e Minimal material before
ECAL

e 0.65 X,

e Alignment of the tracker
planes (temperature

variations) performed with

cosmic rays
e 3-4 um precision
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A 369 GeV positron event
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e Challenge

e 100 times more protons than
electrons

e 2000 times more protons than
positrons

—> Need to divide number of
protons by 10°

ECAL estimator

e Key detectors for this measurement
e TRD

e Tracker
- E/p close to 1 for :
electrons/positrons T Ty T
o ECAL Q x TRD estimator

« Based on 3D shower shape
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Proton rejection at 90% e* efficiency

e Performance on proton rejection for TRD and ECAL

TRD performance on ISS Data from ISS: Proton rejection using the ECAL
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POSITRON FRACTION

Phys. Rev. Lett. 113, 121101 (2014)
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e Positron fraction
O+ Ny
(I)e—k + (I)E— Ne+ T Ne_

F:

e Positrons: expected only as secondary

e Positron excess with respect to the secondary prediction =
source of primary positrons

e Energy range from 0.5 GeV to 500 GeV based on 10.9 million
positron and electron events

- Extends the energy range of our previous observation and
Increases its precision
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e Counting leptons after selection with a fit
e Z >0 : counting positrons
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TRD Estimator (173 — 206 GeV)
e Z <0 :counting electrons
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e Systematics

e Acceptance assymmetry
« Negligible above 3 GeV

e Selection dependence

« Analysis repeated 1000 times for each energy bin with different
selection

e Absolute energy scale
« 5% at 0.5 GeV, 2% for 10-290 GeV, 3% at 500 GeV

e Bin-to-bin migration
« Negligible contribution
» Reference spectra

e Charge confusion

Vincent Poireau 137,
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e For some energy range, difficulty to

measure the sign of the charge =

confusion

e TWO sources

Charge Confusion

e Finite resolution of the tracker and

multiple scattering

e Production of secondary tracks
along the path of the primary track

Vincent Poireau
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e Result for the positron fraction below 35 GeV
e Fraction begins to increase above 10 GeV
e Incompatible with secondary positrons only
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Positron Fraction
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e Fraction at high energy
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e No sharp structure
e Fit of the slope
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e Cease to Increase at 275 + 32 GeV
e With the current sensitivity, the flux is isotropic

Vincent Poireau
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e In the near future, AMS will extend its energy range, and will
be able to discriminate between the dark matter and pulsar
hypotheses

0.2

| 10 years of AMS data

=
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ELECTRON FLUX
POSITRON FLUX

Phys. Rev. Lett. 113, 121102 (2014)




e Obtaining the flux via

N
Axe.. xe  XTXdE

Trig. sel .

N number of positrons or electrons

A acceptance

&mig and &, trigger and selection efficiencies
T exposure time

dE energy bin size

Vincent Poireau
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e The electron and positron fluxes are different in their
magnitude and energy dependence
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e Calculation of the spectral indices

(I)E:I: (E) =C

€

e Observations

» Both spectra cannot be described

by single power laws

e The spectral indices of electrons

and positrons are different

e Change of behavior at ~30 GeV

e Lower energy limit for single power

law distribution description
e Positrons: 27.2 GeV
e Electrons: 52.3 GeV

Vincent Poireau
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COMBINED (e*+ &)
FLUX

Preliminary, submitted to Phys. Rev. Lett.
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e This measurement
 Independent from charge sign measurement = no charge confusion
e High selection efficiency (70% at 1 TeV)
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Spectral Index

e Calculation of the spectral index ¢(e*+e)=CEY
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e The flux is consistent with a single power law above 30 GeV
e y=-3.170 £ 0.008 (stat + syst) = 0.008 (energy scale)
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e Fit of the AMS data using a minimal model

e Positrons
e Secondary production ®.= C,+ Evet + CE 1set/bs
* +s0UrCe :

e Electrons
e Primary and secondary
production
e + same source

O, = C, Eve + C.Eset/s

e Simultaneous fit to

e Positron fraction from 2 GeV
e Combined flux from 2 GeV

Vincent Poireau 3:
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Result from the fits
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Fits are satisfactory, which shows that the data can be described by a common e*/e-

source
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o condlieys

e The AMS experiment operates since May 2011 and recorded 54
billions of events

o All the subdetectors are working nominally
e Measurement of the positron fraction
e A source of positrons (and electrons) iIs needed
e Fraction does no longer exhibit an increase with energy

e Measurement of the positron and electron fluxes

e Provides important information on the origins of cosmic-ray
electrons and positrons

e Measurement of the combined flux
e Smooth and following a power law spectrum above 30 GeV
e AMS is expected to run at least until 2020

e Many important measurements are yet to come
e Protons, helium, antiprotons, B/C, antimatter, etc.
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e Rayons cosmiques charges : propagation equivalente a une

diffusion dans le milieu galactique
e Champ magnétique irrégulier du halo diffusif = marche au hasard

 Coefficient de diffusion K(E) = K,fR? (R=p/Z)

- Parametres libres : K,, o, L, V, V,
e Les incertitudes sur ces parametres sont transcrits en trois jeux de

parametrisations
« Min, Med, Max

h,=200 pc, L=1-15 kpc, R=25 kpc
Vincent Poireau
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AMS: a U.S. DOE sponsored international collaboration
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TDRS Satellites

; High Rate (down):
Events <10Mbit/s>

Low Rate (up & down):

Commanding: 1 Kbit/s
Monitoring: 30 Kbit/s

Terminal, NM

AMS Payload Operations Control and
Science Operations Centers

(POCC, SOC) at CERN since June 2011 AMS Computers

at MSFC. AL



AMS Nuclel Measurement on ISS
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AMS-02 Trigger

Trigger efficiency is estimated with an unbiased trigger sample.

ACC UTOF
MAGNET
LTOF
ECAL
Horizontal Particle High-Z particle TOF + ECAL Trigger

Reiected Accented Accented
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Event Selection

-TRD: atleast 12 hits

-TOF: down going particle (160ps)
3>0.8, 0.8<Z<2

-TRACKER:
- Good Track quality
- Geometrical match with TRD
Track and ECAL shower

- Z<15
-ECAL.: , TOF
- Shower axis within the ECAL T x - s
fiducial volume \ RICH
- Shower with Z y

electromagnetic shape T ualm [ O T

} ECAL

[
il

-Geomagnetic cutoff

- 1.2 times absolute Stermer value
a5



(v) The isotropy.

Galactic
coordinates (b,l)

._:.:.". '--

The fluctuations of the positron ratio
e*/e” are isotropic.

The anisotropy in galactic coordinates:
O £ 0.030 at the 95% confidence level

Significance

d =34/Ci/47  C,is the dipole moment

Arrival directions of electrons and positrons are used to build a sky map in galactic coor-
dinates, (b,1), containing the number of observed positrons and electrons. The fluctuations
of the observed positron ratio are described using a spherical harmonic expansion

\ o0 £
Ta(b, [)
1 A = o Yo (/2 — b, 1),

where 7.(b,l) denotes the positron ratio at (b,1); < r. > is the average ratio over the sky
map; Ygn are spherical harmonic functions and a¢, are the corresponding weights. The
coeflicients of the angular power spectrum of the fluctuations are defined as

£

1 2 .
Cz—m Z agm|”. 0 =34/Cy/4m

m=—£
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Electron Anisotropy

Measured Distribution Expected Isotropic Distribution

The incoming direction of electrons above 16 GeV in galactic
coordinates yields & < 0.01 at the 95% confidence level

61



Positron Anisotropy

+90

Galactic
coordinates (b,l)

90)

The incoming direction of positrons above 16 GeV in galactic
coordinates yields & < 0.03 at the 95% confidence level



ATLAS SUSY Searches™ - 95% CL Lower Limits

Status: EPS 2013
Model

e.u 7.y Jets EI (L[]

Mass limit

ATLAS Preliminary

[Ldt=(44-229)fb"

Vs=7,8TeV
Reference

MSUGRACMSSM [u] 26 jGIS Yos 203 milgi=mi) ATLAS-COMNF-201 3-047
MSUGRACMSSM Tep I6jets  Yos 203 any m(g) ATLAS-COMNF-201 3-D62
MEUGRA/CMSSM i} 7-10jets  Yos 203 any mi(g) ATLAS-COMNF-2013-054
§§, §— qi‘} o 25jels  Yes 203 miis =0 CaW ATLAS-COMNF-2013-047
EE. 5—+qGt. ] 25jals  Yes 203 M =0 GaV ATLAS-CONF-2013-047
EE. s—*w’fi—*wnwtx? lep  3EjRIS Yes 203 mii}}«200GeV, mif*)-0Sim(El emigl) | ATLAS-CONF-2013-062
EE—qaqqetiee)Tie] 2eplS5)  Zjts Yes 207 miF:)<650 GV ATLAS-CONF-2013-007
GMSE (r NLSP) 2ep 24jels  Yes 47 fang=15 1206 4683
GMSE (7 NLSP) 12r 02jats Yes 207 tang =18 ATLAS-CONF-2013-026
GGEM (bino NLSP) 2y 0 Yos 48 miili-50GaV 12080753
GGM fwino NLSP) Tepu+y o ‘fas 43 miFE =50 GeV ATLAS-COMF-2012-144
GGM {higgsino-bino NLSP) ¥ 1b Yog 48 miE] 220 eV 12111167
GGM (higgsino NLSF) 2e.u(f) O03jets  Yos 58 miA}-200GeV ATLAS-CONF-2012-152
Gravitino LSP [u] monojet  Yes 10.5 migk-10-* a¥ ATLAS-CONF-2012-147
: g_abﬁfﬂ'i 0 ab Yas 201 B 1.2TeV miTe <500 GaV ATLAS-COMF-2013-061
EE g—atifa ] 7-10jts  Yes 203 B 1.14 TeV mikl) <200 GeV ATLAS-CONF-2013-D54
F— i 01 eu ab Yoz 200 | B 1.34 TeV miF] <400 GeV ATLAS-COMF-2013-D61
s 0leu b Yoz 2001 |B 1.3TeV miF} )<300GeV ATLAS-CONF-2013-061
Bibi. m-;br? ] 2h Yos 201 |6, 100-630 GeV miil)<100GeV ATLAS-CONF-2013-053
by, By—tfi 2eulS8 o03b Yoz 207 |By 430 GeV miF: =2 miTT} ATLAS-CONF-2013-007
i llight), fi— bET T2ep  1zb Yes 47 (ERIETGEV mif} 155 GeV 12084305, 12092102
fifadlight), t— be. 2ep 0-2jels  Yes 203 [ 220 GeV mi¥s) ~miT;-miW 50 GeV, m(Ty)<am(i{} | ATLAS-COMF-2013-048
£ 7, (medium), tt] 2ep 2jets Yoz 203 |G 225-525 GaV mi )0 GeV ATLAS-CONF-2013-065
%, Ty {medium), z,_.-br'l ] 2h Yos 201 [ 150-580 GeV mi} }<200 GeV, miF{ )-m(i} jus GeV ATLAS-CONF-2013-053
f Ty (heavy), — g,ra 1ep 1b Yas 20.7 i 200-610 GeV miis =0 CaW ATLAS-CONF-2013-037
B fyheavy), fi— iy ] 2b Yes 205 [u 320-660 GaV mi; -0 GaV ATLAS-CONF-2013-024
A, n—*d_? [u] mona-jel c-tag Yes 203 i 200 GeV miE)-miT <85 Cay ATLAS-COMNF 201 3-D68
1 fy(natural GMSE) Zeulf) 1b Yos 207 |m 500 GeV s =150 GaV ATLAS-CONF-2013-025
Db, b-h+Z e plZ) 1b Yos 207 & 520 GeV miE;J-m{T] 5160 GeV ATLAS-CONF-2013-025
il g, E—EFY 2ep ] Yos 203 |7 85-315 GeV Ml =0 GeV ATLAS-CONF-2013-043
Fii1, f*.;fv[m Zep 0 Yoz 203 | X} 125-450 GeV miEs =0 GV, miF, 7l=0.5(m(F: LemiEL)) ATLAS-CONF-2013-049
E ELREs —mf(w) 2T o Yes 207 | £} 180-330 GeV' miF:)-0 CeV, miz. A-0.5mif i lamiEl ATLAS-CONF-2013-028
KiE — iAW), EELE(T) Jep o Yes 207 |[EE 600 GeV s 1-mie ), miEd)-0, m(E, A=0.5(miE: lemiEl) ATLAS-COMF-2013-035
xl,rg_;w-xlz-xl Jep o Yoz 20T i{'.if 315 GeV milFs }=miF2), mi7])=0, sleptons decoupied | ATLAS-COMF-2013-035
Direct£ 177 prod., Img—l'r\rﬂdff Disaw- k. Tjet  Yas 203 |EF 270 GeV mi{Ei -m(Ed)=160 MeV, r{F)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g adron 1-Gjels  Yes 2249 B 857 GeV miFE =100 GaV, 10 ps<r(2)<1000 5 ATLAS-CONF-2013-057
GMSE, staug. ¥ ..ar(e A)+r{e, u) 1- 2 u o - 159 10:tang<50 ATLAS-COMNF-2013-058
Xi—aqqp' {FIP"«'} 1w 0 Yos 4.4 1 mme<cr<t m, § decoupled 12107451
LFV pp—7r + X, Fr—e 2ap ] - 45 A34,=0.10, 4y =0.05 1212.1272
LFV pp—¥, + X, Vp—e(u) + 7 Tep+T 1] - 45 A3y =010, Ay =005 12121272
Bilruaal RPY {‘,MSSM Tep 7 jets Yas 47 mi@i=mig}, crpgp<1 mm ATLAS-COMF-2012-140
E Xi“ F—WE X —eely, eule 4B 0 Yas 207 760 GeV miF; 1300 GEV, Ay21>0 ATLAS-COMNF-2013-036
Xk, Wk Fi—rrig, erv, 3ep+rT ] Yos 0.7 f% 350 GeV mi] =80 GeV, Azz=0 ATLAS-COMNF-2013-036
E—aqqg 0 6 jats - 45 1210.4613
-t f—bs 2eulS3) 03b Yes 207 |B &80 GeV ATLAS-CONF-2013-007
Scalar gluon ] 4 jets - 45 | =guon 100287 GV incl. limit from 1110.2633 12104626
. WIMP interaction (D5, Dirac y) 1] monojel  Yas 105 miy}=B80 GeV, limit of<&667 GV for DE ATLAS-COMF-2012-14T
1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1
10-1 1

M

*Only a seleciion of the available mass limiis on new stales or phenomena is shown. Al limits quoted are observed minus 1o theorefical signal cross seclion uncertainty

Mass scale [TeV]



Current limits: neutralino/chargino ( 7

canonical case degenerate case mx1° > 47/50 GeV
(CMSSM, mSUGRA)
No mass limit in general

4 ADLO s = 206.5 GeV

Vs = 183-208 GeV ADLO
T sy

[ Ry
80 f TR ﬂ
Mse > 99.6 GeV,
Msmu > 94.9 GeV,

[ MisM,
/ Mstau > 85.9 (85.0) GeV

- — Observed
[ Expected

mxq* > 103.5 GeV myq > 91.9 /92.4 20

for msnue > 300 GeV GeV [ Excluded at 95% CL

b fp=-200 Gevie”, tanfi=1 )
| I S |
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