New

Scientist

WEEKLY April 30 -May & 2006

On the cover

28

Anomalies

Seven hunts of
scence beyond
what we know
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Comb LHC's trash
foramystery prize

JacobAron

IF IT doesr' t show up anywhere,
maybe it pot thrown out. That's
where one team of partide

The origins of mortEng
rodgion

h think thetr quarry
might be hiding-2sa sigral tn
the energtes of protons dscarded
by the Large Hadron Collsder.
Last December, researchers
at CERN, the partide physics
laboratory near Geneva,
Switzeriand, presented the

first results from the recently
retooded LHC. Hints of 2 new and
unexpected partide with a mass
of around J5o gigaclectronvolts
(GeV) set theorists aflutter trying
to figure out its origin.
Normally, two beams of protoas
cirde its z7-klometre ring and
smash together inside four
detectors— ATIAS, CMS ALICE
and LHCh - producing showers
of partides. When the collider
restarts next month, these will be
scanned for the mystery partide.
Now Risto Orava of the
Untversity of Helsinky, Finland
and his colleagues are proposing 3
hack to allowa new kind of search.
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Often, the colliding protoss
survive thelr encounter and
pass right through the detectoss,
moving at a slight angle to the rest
of the beam. These protons are no
longer being kept on track by the
LHC's masstve ring of magnets
and could damage the machine,
soare traced and safely disposed
of by the 4000 little detectors of
what 1s known 2s the beam loss
monitoring (BLM) system.

Omva'steamsaythisisa
missed opportunity: the BLM

“Wayward protons could
damage the LHCso are
disposed of, but thisis
amissed opportunity”

could search for new phiysics.
That's because measuring the
difference in proton eneTgy
before the colltsion and once in
the BLM gives the energy of any
particles created - another way to
get 2 peck at the 750 GeV partide.
The team reckon this method
could detect 5000 sach events this
year, versizs the 20 0r so peesented
last December.” ¥'s 2 tremendous

Who thraw out the protons?

difference,” says Orava.

Using the BLM in thisway
will require connecting its
detectors on efther side of the
main experiments with optical
fibres. Thiswould allow the
system to exactly time the arrtval
of peotons, confirming whether
two from the same colliston have
bt two detectors at the same time.

“In principie 1 think the idea
is sound, ~ says John jowett of
CERN . But more work s needed
to find out how easy it would be
toconnect the detectors and
whether they would give adean
sigral. “They dor't completely
cover all the possible sources of
background [natse] for this type
of measurement or how practical
the whole thing s~

The idea 1sat without
precedent, says Tara Shearsof
the Unversity of Liverpool, UK.
~Before the Higgs discovery, there
were proposals to detect it using
these sorts of processes, with
dedicated proton detectors
about 400 metres away from LHC
experiments,” she says. Physicist
and TV presenter Brian Cox was
one of those backing the scheme.

Orava isconfident his team
can make it work ™ This is cheap
and quick - 1t's taking the
infrastructure of the LHCand
using It fora test of physics™

besays B



. LHCRING AS A NEW
g . .° PHYSICS SEARCH
¥ MACHINE

Risto Orava
University of Helsinki, Helsinki Institute of Physics, CERN
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THE PLAN

O BACKGROUND
CENTRAL EXCLUSIVE PRODUCTION
PRESENT CEP TAGGING APPROACHES
THE LHC BLM* SYSTEM

O  SCANNING FOR MASSIVE PARTICLES
CEP PROTONS EXITING THE LHC RING
TAGGING MASSIVE NEW PARTICLES IN CEP
FURTHER DEVELOPMENT
SUMMARY

* ¢ |
Not to be confused with Brodsky et al..KémIY PRy S e L
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CENTRAL EXCLUSIVE
PRODUCTION
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GLUON vs. PHOTON INDUCED
PRODUCTION

M(dLum. /dydM’)
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see also: KMOR, Eur.Phys.J.C19:313 (2001).



THE HELSINKI GROUP:
A SHORT HISTORY OF FORWARD PHYSICS

INITIATIVES

Full Acceptance Detector - J. Bjorken 1991
FELIX LOI 1997
TOTEM LOI 1997
ATLAS TDR: Proposal to extend ATLAS for Forward Physics 2000
TOTEM TDR 2004
FP-420 TDR (CERN-LHCC-2005-025) 2005
Prospects of Diffractive and Forward Physics at the LHC
(CMS/TOTEM, CERN-CMS/TOTEM Note 2007-002) 2006
Central Diffraction in LHCb (JINST 4(2009)P11019 2009
Forward physics with rapidity gaps at the LHC (CMS)

(JINST 4(2009P10001) 2009
Central Diffraction at ALICE (JINST 6(2011)P02010) 2010
Turning the LHC ring into a new 2016

physics search machine (arXiv:1604.5778)!!

Karoly Rébert College, Gyongyos, Hungary 6-11/06/16



FROPOSAL TO EXTENERSTEAS

Helsinki Group, 2000

Proposal to Extend
ATLAS

for Luminosity Measurement
and Forward Physics

June 2000

H. Ahola’, M. Battaglia?, O. Bouianov**, M. Bouianov?®, G. Forconi*, E. Heijne®,
J. Heino*, V. Khoze®, A. Kiiskinen®”, K. Kurvinen?, L. Lahtinen?, J.W. Lamsa®.

H. Ahola', M. Battaglia®, O. Bouianov**, M. Bouianov®**, G. Forconi®, E. Heijne®,
J. Heino', V. Khoze®, A. Kiiskinen®”, K. Kurvinen®, L. Lahtinen®, J.W. Lamsa®
E. Lippmaa®, T. Meinander', V. Nomokonov*, A. Numminen®, R. Orava®*,

K. Piotrzkowski'®, M. White®, M. Ryyninen', L. Salmi*7™. J. Subbi®. K. Tammi .

S. Tapprogge*, T. Taylor®
Forward Physics
and Luminosity
Determination

at LHC 2000

Editors

Katri Huitu
Valery Khoze

Karoly Rébert Col it T oy 6-11/06/16
Stefan Tapprogge R
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Diffraction at LHC

(How to turn LHC into a 14 TeV
Gluon Factory ?)

Risto Orava

University of Helsinki
and
Helsinki Institute of Physics

Workshop on Diffractive Physics
4. - 8. February 2002
o I | ~ Rio de Janeiro, Brazil = &11/06/16
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Collimators ond Absorber
TAS. Sezam Absorber {Secondaries ) between the 1P and Q1
TASA: Beam Absorber (Secondaries) between the Q1 and Q2

TASB. Seam Absorber {Secondaries) between the Q2 and Q3
TCL:  Long commaror

BSRT Synchro radiation telescope alignment

RP3 RP4

Tt e—



BEAM LINE AND RUN CONDITIONS

Vertical displacement (m)
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measuring the left-over protons in cep - the traditional approach

Leading Protons measured at
+220m from IP1 & IP5

Leading protons: RP’s at £220m

Rap gaps & Fwd particle flows: ( T1?) & T2 spectrometers
Fwd energy flows: Castor (?) & ZDC’s(?)

Fwd counters at: #60m to =100 (140)m - FSCs..?

6-11/06/16
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5.13

DPE Mass Measurement at 400m

Mass Resolurion of Cenrral Diffractive Mass

§
1 Mass resolution vs. central mass
S assuming Axg/xg = 104
6 -
S AM = (1.5 - 3.0) GeV (Axe/xe = (1-2)x10-%)
=
o S
(4
2 «F
3 -
symmeftric case:
- | x,]- |x,]| ¢ 003
f I JX’I | =~ 65% of the data
‘/
1 -
0 :gl‘..l...l...l;.‘l...l...l...l...l.‘.l. 20 Gev < Mx < 160 Gev

60 # Jo0 JX0 JR0 &0 IS0 2% 220 2%

Central Mass (GeV) (Mymox determined by the aperture of

the last dipole,B11,
Mymin DY the minimum deflection = 5mm)

Helsinki group/J.Lamsa, R.O.
LISHEP 2002
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Risto Orava




SCANNING FOR MASSIVE
NEW PARTICLES

(RECYCLING THE LEFT-
OVER PROTONS)



Leading Proton Detection-An Example
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Helsinki group: Jerry Lamsa & RO
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PROTON EXIT POINTS vs. &

Vs =13 TeV

600 GEANT proton tracking
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arXiv:1604.5778

The proton transverse momentum is smeared by 50 MeV, which would

be in accord with ds/dp, ocexp(-20p,).



PROTON PAIRS IN CEP:
EXIT POINTS

Vs = 13 TeV, yx contours

650 — ; .
% mx = 125 GeV
600 L -mX = 750 GeV |
o B 7 — 2000 GeV
Q- )
550 r 1
500 1
ol

Exit 2o [m)]
N
o
S

400 ]
AD
/'/
350 f P
300 | .
a3
250 1

250 300 350 400 450 500 550 600 650
Exit z; [m)]

arXiv:1604.5778

Karoly Rébert College, Gyongyos, Hungary 6-11/06/16



= _ By

20 fblin 2016

THE LHC

RF
& Future Expt.

high
VS.
E low/moderate
S
luminosity
physics
I \
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UNDERGROUND WORKS
Beyond [N |> 5
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LHC RING AS A NEW PHYSICS
SEARCH MACHINE

Beam Loss
Monitors to tag
exit protons

LHC experiments
for analysis of the

correlations with the collimators and other
beam instrumentation devices

central systems -




THE MACHINE

 over 3500 BLM detectors
' along the BHC ring

Karoly Rébert College, Gyongyos, Hungary 6-11/06/16



A LOCATION AT 230 METERS

LHC Ring - 6L.8 - 07 - Date: 2014-08-20 R -
jSithat the situation may have changed since the pibtﬁre\‘\?\as

Karoly Rébert College, Gyongyos, Hungary 6-11/06/16



SUMMARY

HEAVY STATES PRODUCED IN CEP ARE SCANNED - INDEPENDENTY
OF THEIR DECAY MODES - BY USING THE PROTON EXIT POINTS
ALONG THE LHC RING

PROMISING WAY OF SEARCHING FOR INVISIBLE DECAYS -TURNING
RSCSENEEG A TDARKIMATTER FACTORY!

BERSIFCANDIDATE.EVENTS BEING LOOKED: AT, ACCEPTANGESS
EFFICIENCY CALCULATIOS ONGOING

THE METHOD CAN BE EXTENDED TO ALL LHC IPs; CORRELATIONS
WITH EXISTING DETECTORS, COLLIMATORS etc. WILL BE EXPLOITED

AUTOMATIC SCANNING OF THE BLM DATA WILL BE SOON AVAILABLE

TRIGGERING OF THE CEP EVENT CANDIDATES vs. CENTRAL MASS TO
BEREALTSED

Karoly Rébert College, Gyongyos, Hungary

6-11/06/16



ALICE FORWARD DETECTORS
GEOMETRIC ACCEPTANCE
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Figure 6: Geometrieal 5 coverage of the AD detoctor with comparison to other ALICE
detoctars.

- THE EFFECTIVE ACCEPTANCE OF THE ALICE AD
DETECTORS EXTENDS UP TO n = +10

- Zero Degree Calorimeters (ZDN & ZDP) COMPLEMENT THE
ACCEPTANCES: leading neutron/gamma detection at 0°

Karoly Rébert College, Gyongyos, Hungary 6-11/06/16
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