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* Higgs is the star of the workshop

— fine, it’s the only new particle discovered (thus far!)

« which attracted (distracted?) a lot BSMers

— fine, BSM is the naturalness partner of Higgs
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* But too early to surrender to EFT!! % ’
— Colored BSM right around the corner at LHC run II?
— Uncolored BSM down to 200-300GeV still allowed
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Topics discussed

New Physics Working Group

Session 2

Dijet Resonances

Composite Higgs and Top Partners

LFV and B Meson Decays

Compressed Spectra, Stops and EWinos




Relaxation

BSM phenomenologists: take a break?



Compressed spectra
(aka SUSY)



Compressed spectra

M. KrauB3, S. Kulkarni, U. Laa, W. Porod, B. Sanjoy, J. Tattersall

ldea: Pati-Salam inspired scenarios lead to compressed spectra for sfermions
at the elektroweak scale
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V. De Romeri, M. Hirsch, M. Malinsky, arXiv:1107.3412 [hep-ph]

features:
® iy LSP with mass ordering mg > mg
® exira heavy gauge bosons/gauginos
® extended Higgs sector
B typical mass splitting in the sfermion sector 20-100 GeV = 3-body decays of f

-p.1



Compressed spectra

questions to be addressed

® to which extent do 8 TeV data constrain such a model using CheckMATE for SUSY +
evaluation of updated Z’ constraints

constraints due to dark matter

9o
® depending on the f masses and their mass splitting:
what is the reach of LHC 13/14 TeV

status: testing the corresponding SPheno version and the interfaces to the other programs,
first parameter scans, in particular for the branching ratios of

qg — q[if:': : q’.u?.u
— Jlv, qup

[ — lvp
in some corners of parameters with sufficient mass splitting
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Composite partners
VLQs, VLLs



Measuring VLQ Properties

+ Chirality of couplings crucial
INfo
+ Done for t=Wb, established mostly

longitudinal W's

+ For VLQs, depends on couplings to
Higgs

* By construction, no Yukawas

= (Can yield precious info on underlying
physics

Barducci, Boos, Santiago, Juste, Parolini, Majumder, ...
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More VLQ Signals

+ Diboson production via t-channel VLQ

eXChaﬂge Boos, Santiago, Juste, Cacciapaglia

ey . ; ) ; 2 B ATLAS Preliminary
< Modifications of diboson kinematics c T

+ Other VLQ decays

<+ Experiments have been presenting results
In “simplified models”, assuming e.g.
BR(T=Wb)+BR(T—ht)+BR(T—Zt)=1

Brooijmans, Cacciapaglia, ...
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07 6y +65 .
+ UV completions have more new particles ij, W .
VLQs can decay to - %

Anandakrishnan, Colins, Farina, Kuflik, Perelstein,
arXiv:1506.05130, Serra, arXiv:1506.05110

06TeV, |yzl

f

“+ Produce “coverage matrix” to see if some 00 55T T 1T TT 15 13

My ITEV}

channels have no/poor coverage
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Search for doubly/triply charged leptons

¢ General prediction in CHMs
¢ Pair production (more 'model independent’)

Adrian Carmona, FElorian Goertz, Alberto Parolini




Search for doubly/triply charged leptons

Full leptonic xsec @ LHC14

600 700 800 900 1000
m [GeV]

Adrian Carmona, Florian Goertz, Alberto Parolini




Search for doubly/triply charged leptons

» Backgrounds: multi Z/W production

JA e

47 0.02 fb 3Z 10 fb
27 2W 0.41b Z2W 90 fb

3Z (+some E. ...y [101D] 4 W 0.6 fb
27 (+seme E;...) |[10pDb]

14 TeV LHC
* Before branching
» Can be efficiently rejected by vetoing Z-mass window

» Very clean measurement, very small backgrounds (L+++)

Adrian Carmona, Florian Goertz, Alberto Parolini




B meson LFV decays



LFV in B Meson decays

* Anomalies in lepton flavour conserving transitions b— st

LCHb, 1406.6482, PRL

[LHCb-CONF-2015-002]
Rl S e R + "+t —
R LHCb ] qtue AU [BT = KV pm ™|

2
N d
ost preliminary ] ‘fq?nm d (]2 :
g ez SM from DHMV - HK a

[1407.8526] 3 dIl’ [B-l— — I{_'_Ei—'_t?_] ‘
o oo ] pr_ S5 2}nmc{ . dqz
) == : T VRO-F) Tmin dg
03¢ - :
; ,,,,,,,,, rﬁt? f%; J: Ry = 0.745799% (stat) + 0.036 (syst)
i 5 10 15

q* [GeV¥/c?] T
RIM ~1.00

290 in [4,6] GeV2 bin  (+2.9¢ in [6,8] GeV? bin)

* What about Lepton Flavour Violation (LFV)? b —> S,éfl

* Working group: Bharucha, Carmona, Delaunay, Frigerio, Goertz, Nardecchia, Parolini




LFV in B Meson decays

Connection between ) —s s/f and h —s sf{' is model dependent

*VWe focus on the framework of partial compositeness

 Flavour violation is regulated by mixing between elementary and composite states

92

P & . 4 4 3

~ —SECLERELER
my,

¢ Mixing parameters are related to values of fermion masses and mixing
q _u q d { e
(Yau)is ~ go€i€; (Ya)ij ~ gp€i€; (Ye)is ~ go€;€;,

* |In the lepton sector parameters cannot be univocally connected to physical inputs, due to
our ignorance on neutrino masses

e Our questions: range of LFV allowed by the mass constraints? prediction for the LHCb?
super-B factories? what are the typical values of the mixing parameters? ....
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Diboson Resonances

Brooijmans, Morse, Pollard, Tattersall, Lane, Martin, Sanz, Hewett, Rizzo,
Nardecchia, Katz, Chivukula, Simmons, Carvalho, Santiago, Delgado ...

* Recent ATLAS paper with 2+ sigma excess ; we 1
has stirred the pot (again) SR e
% Not the only excess close to 2 TeV 4y e :
+ Plan of action agreed on |

<+ Produce summary of pp— X = YY results
(currently a table with expected and observed
imits), quantify

Significance

<+ Model builders have until July 15 to post models

L] 1.8 TeV 19 TeV 20 TeV
O n a rX I V (Channel Ri Exp.| Obs.|Signifi | Exp.| Obs.| Sig. o| Exp.| Obs.| Sig Signal o
ATLAS AllHadronic WZ | [I] |15 30 fb 150 -|13M|35 1| 20 - 12 | 36 ] 2.2 0(3 fb (8 evts)
LAS adronic ] fb[18 fb 0o| -|16/| 290|130 - 15 b| 30 fbf 1.6 3
LAS All-Hadron ]
7S ] ] 1 [ 3] " CMS All-Hadronic WZ 2
+ August 1 joint “pre-proceeding” with Sl
CMS All-Hadronic ZZ 2
ATLAS fvjj 13
| " OMS ] o)
presentation or experimental resuits an s ;7|
ATLAS £4jj (WZ) 5] ( )
CMS £4] (ZZ) 4
SUI I Il I Iar Of I I IOdelS ATLAS ¢6,vvbb (ZH) 8]
ATLAS fubb (WH) ]
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MS All-Hadronic (W H) ki)
fubb (WH) 5]
0’
0]
2

» In proceedings, results from simulation showing ==
power of (TBD) discriminating variables

Gustaaf Brooijmans BSM
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Dijet Resonance Pairs

Searching for sgluons at the LHC 13TeV
Thomas Spieker, Sophie Henrot-Versillé, Dirk Zerwas (LAL)
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Discrimination between models: jj vs tt,...

- BR of first KK g(MOV\ (warped XD, partial compositeness)

1.8 % Light quarks
6.9 % Bottom quarks

01.3 % Top quarks

— tg compositeness —

minimal RS

1.6 % Light quarks
03 % Bottom quarks

98.2 % Top quarks

1.6 % Light quarks

202 % Bottom quarks

| 782 ® Top quarks

custodial RS

Florian Goertz, Felix Yu

24 % Light quarks

0.8 % Bottom quarks

96.8 % Top quarks

Agashe, Bauer, FG, Lee, Vecchi,

Wwang, Yu 1310.1070




T
Paired (tt)(jj) resonance search

Felix Yu

* Pair production via gluon fusion guaranteed for new
colored states — searches in 4j, 4t final states

— Single dijet resonance xsecs are model dependent

* Decay to (tt)(jj) has been overlooked

e N o(pp = G'G’ ->ttbar jj)
(tt)(jj) provides - 1E+1 | 14 TeV LHC
] 2 1E+0
important and -
S 1E-1
complementary =
q’ -
information about % '
flavor structure 8 1E3
1E-4
1E-5 | | | | .
0 500 1000 1500 2000 2500

Blue: semileptonic ttbar

Green: fully leptonic ttbar Coloron Mass (GeV)



T
Paired (tt)(jj) resonance search

Felix Yu

 Main (irreducible) background is ttbar + jets

— Semileptonic: 106 pb

— Fully leptonic: 46 pb
S ileptoni Dijet mass, two highest pT jets

emt eP. onic LHC 14 TeV, 10 fb!, unstacked

channel: Red: ttbar + jets QCD background
Cut on lepton E 600 GeV coloron
Two b tags - 800 GeV coloron

Look at m; of leading 1 TeV coloron

and subleading p; jets 1wk

Ly
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Many kinematic
handles, optimization
underway
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Dijet Hesonances

Dijet Azimuthal Decorrelation Reveals

Resonance’s Color Charge [Preliminary]
RS Chivukula & EH Simmons

G\tegrated fraction of events vs. azimutham
angle between 2 leading jets; ATLAS 7 TeV

data (thin curves), NLO colorons
prediction (thick curves); colorons yield
Kdecorrelation of observable magnitude

1.000

0.900
0.800 e=g=»pT max > 800 GeV

0.700 @@i=300 > pT_max > 600 GeV
0.600 472600 > pT_max > 500 GeV
271.2 TeV coloron @ NLO

2.0 TeV Coloron @ NLO b

3.0 TeV Coloron @ NLO

integrated fraction of events
with at least that decorrelation
o
S

22 23 24 25 26 27 28 29 3 31
azimuthal angle (radians) between two leading jets

Gusta

10

mtegrated O VS. \

azimuthal decorrelation
between 2 leading jets

from 2’ and : /
more radiation from ’

Qigher color charge / f

3.2
A¢

References:

e 7' simulation: Open J.Microphys. 3
(2013) 34-42.

* Colorons @ NLO: Phys. Rev. D85
(2012) 054005

e ATLAS on azimuthal decorrelation:
Phys.Rev.Lett 106 (2011) 172002



Color Singlet vs Octet Via Additional Jet p+? - Hewett & Rizzo+...

* LO parton-level comparison of associated jet production w/ a spin-1
state X : color singlet vs. octet. First step of a more detailed study...

» Expect: Color octets radiate more so expect harder jet p, distribution

« EXxpect: As X gets heavier it radiates less so any differences vanish

— Easily separable @ 1 TeV but resolving power lost at large masses
— NLO.... More power with 2j ?

R L L o
M=1TeV _
;| <2.5

104

100

102 — 10~}

do/dp,
do/dp,

10~ 2

100 — | 10—3

[l 1 1 I il L 1 1 | | i 1 L l il L L [l | 1 1 1 L —4 i 1 1 L L [l L
10
500 1000 1500 2000 2500 500 1000 1500 2000 2500

py (GeV) p; (GeV)

red = singlet, blue = octet



; : . Jose Santiago
Suppose in a few months we find a dijet resonance. Tom Flacke

Florian Goertz
Adrian Carmona

Scalar/Vector? (color-neutral”? triplet”? sextet”? octet”?)

* Triplets and Sextets couple to qg (e.g. uu or cc)

* Singlets and octets couple to g (or gg)

* Differing PDFs for quarks (esp. u vs. u) lead to differing p,
distributions in dijet signals.

p.(59) p.(39)

‘ s ‘ 0.00 ‘ ‘
0000000000 0 2000 4000 -4000 -2000 0

p.(4j) (GeV) p.(47) (GeV)

1 TeV resonance 2 TeV resonance
Can we use this for discrimination?



DiJet Flavor Determination

« Can we convincingly determine dijet flavor at the LHC?
— gg Vvs. uu/dd/ss vs. cc vs. bb vs. tt
* Tools exist, including:

— Quark/Gluon discriminator
for light flavor (LF=u,d,s) 4N

— Dedicated b,c, and t-taggers

D I’ ’ :
- I-
b-Jet

- Some overlap between taggers,

study needed for 8TeVLHC | 200+GeV | 200+GeV 1+TeV 1+TeV
combination CMS+ATLAS |efficiency (%)| misid (%) |efficiency (%)| misid (%)
possibilities
_ 30 1 30 0.2
« Example working
points wheh ~20% c ~15% C
prioritize low 70 50-60
fake rate over 1.5% LF 4% LF
efficiency
20 AvGoe 27 ?7
* These numbers 1% LF
are for single
objects, not the [ [LEILO/{l1e]y 40% uds 5 = e

two jet system (jets>30)

Les Houches 2015: DiJet Working Group David Morse 18 June 2015



	Les Houches PhysTeV2015�BSM WG Summary�Part I  
	Personal impression
	Personal impression
	Personal impression
	Topics discussed
	Topics discussed
	Relaxation
	Compressed spectra �(aka SUSY)
	Diapositive numéro 9
	Diapositive numéro 10
	Composite partners �VLQs, VLLs
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	B meson LFV decays
	Diapositive numéro 18
	Diapositive numéro 19
	Les Houches PhysTeV2015�BSM WG Summary�Part II  


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /FRA <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



