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One remark before starting

@® Despite being member of one LHC experiment, I am here speaking for
myself

@® I prepared this talk as any outsider would have done

@® The main purpose is to stimulate a discussion on this topic and use
Moriond as an opportunity to make the point on this long standing
puzzle

® Will show some combination performed by experimentalists (ATLAS &
CMS individual members collaborating on their own) or theorists, using
public information provided by the experiments
PARENTAL

® When I do so, I make it clear with a symbol ADVISORY

UNOFFICIAL COMBINATION

® As this is not an ATLAS/CMS talk, no new results shown






The ATLAS Dijet Diboson excess

@ ATLAS reported an excess in the Run I all-jet Diboson search

> 1 04 ;\ T T T I T T T T ‘ T T T T ‘ T T T T ‘ T T T T I; > 1 04 %‘ T T T I T T T T ‘ T T T T ‘ T T T T T T T T Ié > 1 04 %‘ T T T I T T T T ‘ T T T T ‘ T T T T T T T T Ié
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S 10° : (s=8TeV,20.3 " : ?ascigs)lérng\t;ﬁe(I: _, ; S 10° =\s=8TeV, 20.3 fo! —— Background model B = S 10° _(s=8TeV,20.3 fo —— Background model ~ _
Y - 50 ToV EGM W' ¢ = 1 5 = = — 1.5TeVBuk G, kMg =1 3§ T = — 1.5 TeV Bulk G, kMg =1 3
£ < o5 TZV EGM W' 2 iy 2 102k 2.0TeVBulk Gpg, kM =1 | 2 452 [ 2.0 TeV Bulk Gpg, k/Mp =1 _
S 10°E — Significance (stat) 3 0 —— Significance (stat) = o = —— Significance (stat) =
w = I Significance (stat + syst) = L 10— Bl Significance (stat + syst) | L 10k B Significance (stat + syst) ]

10 WZ Selection = WW Selection

#f ZZ Selection
o

107"E
i =
107E 102
10 10°
8 3F 8 8 g
S 2 =
8 1F 8 s qC
€ Or = £ 0
o -1r k=) o -1r
U) _2 el | | | | | | | | | | | | | | | | | | - (D CD _2 1
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® Excess seen at ~2 TeV in three overlapping analyses (i.e., not
independent results)

® 3.40 in the WZ channel, 2.6 iIn WW, 2906 In ZZ

® Global significance evaluated to 2.5¢ after Look Elsewhere effect
ATLAS arXiv:1506.00962 4



http://arxiv.org/abs/1506.00962

How does it work? Boosted jets

® SM bosons decay to 2q final states, giving usually 2 jefs
® For large enough p1, decay products merge info a single massive jet

® Jet Mass main tool for discriminating signal vs. background

o 0.4 19.7 b7 (8 TeV)
H |gh energy T " CMS Simulation — - %9 MADGRAPH+PYTHIA
8 0.35 Preliminary —t—Wb—qgb
Low energy W/Z/IH  W/Z/H DT H - bb
— = 0.3 ---- H—>WW* > 4q
© - _
= - w £~ q
2025~ & - W —qq'
< 0. :_ L r4
_KG ! ';' ‘- CA pruned R=0.8
0151\ i & i H-bb/H->WW
For X—VV, AR(q,q) ~ 4 My/Mx 011
0.05(+

5 m, (GeV)



How does it work? Boosted jets

® Further discrimination from pT & angular distribution of jet
constituents (so-called jet substructure)

® Unlike classic QCD jets, two collimated clusters of particles inside jet

® Several variables proposed to quantify this behavior

JetDisplay JetDisplay JetDisplay

Entries 106 Entries 59 Entries 52
Mean x 4.543e-05 Mean x 0.0002917 Mean x 0.0005138
Meany 0.003515 Meany 0.001076 Meany 0.00347
RMS x 0.05793 RMS x 0.0387 RMS x 0.02762
= RMS y 0.06062 1 = RMS y 0.01571 1 = RMS y 0.02567 1
< C < E < E
0.3 10 0.3 10 0.3 10"
C -2 C -2 C -2
0.2 10 0.2 10 0.2 10
: 107 - 10° - 103
0.1 10" 0.1 10" 0.1 10
oF 10° o 10 o 10°
-6 - 6 -6
0.1+ 10 -0.1 10 0.1+ 10
107 10 : 107
-0_2 10° -0_2 10° -0.2— 10
-0.35 TeV RS—gg - -0.35 TeVRS—-qqQ- -5 TeV RS—VV©
107 107 107

03 02 01 0 01 02 03 03 02 01 0 01 02 03 03 02 01 01 02 03

Ad Ao A¢

pT distribution of jet constituents at Generator-Level (PYTHIAS)
from boosted gluons/ quarks / Z->qq bosons (from RS gravitons)
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How does it work? Boosted jets

® Further discrimination from pT & angular distribution of jet
constituents (so-called jet substructure)

® Unlike classic QCD jets, two collimated clusters of particles inside jet

® Several variables proposed fto quantify this behavior

CMS Preliminary, 19.5 fb Tat ys=8TeV, W — ev

035 v R ey vy vy _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
8 - _
= ATLAS Simulation COM W+ WZ (m = 1.8 TeV) - Bwwwzizz - @i :
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© 0251~ ey weeeees Pythia QCD dijet & 400~ —Bulk Graviton M=1.5TeV k=0.2 (x3x10%) ]
5 - 5 d B .
8 02 Ay | < 1. - —
§ - yz <12 . v 300 ]
u - ln' < 2 — E
0.15 1.62 sm, < 1.98 TeV = o
. . >
- 60 sm <110 GeV L 200 ]
0.1 -

0.05 _1—'_'_rd_' — mof 7.

.....

(1) L ada ada NPT BRS T 01 02 03 04 05 06 07 08 09 _1

0 01 02 03 04 05 06 0.7 08 0.5 1

Jet \y — W—J Toq
HP LP

Jet Vy introduced by
J. Butterworth et al . 7

N-Subjettiness introduced by
J. Thaler and K. Van Tilburg



http://arxiv.org/find/hep-ph/1/au:+Thaler_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Tilburg_K/0/1/0/all/0/1
http://arxiv.org/abs/1011.2268
http://arxiv.org/find/hep-ph/1/au:+Tilburg_K/0/1/0/all/0/1
http://arxiv.org/abs/1011.2268

Other ATLAS Diboson Searches

® Lack of a signal in other channels
reduces the excess

T I T T L | T ] T |

—— EGM W'—W.Z signal, IviT" + figg + Ivgg + JJ
EGM W= W signal, IviT" + ligg + Ivgg
EGM W'— WS signal, JJ

——  BS G'—VV signal, Igq + Ivgg + JJ
RS G*—= V'V signal, ilgg + Ivgq
RS G'>WW signal, A
RS G*—ZZ signal, JJ

[MITTTT— -

Local p-value
=
LRLLLL BLALL

—
'|1I|' T

® This was known (the other searches , ey ot
are older). Not everybody payed o i W
attention to that A — N

30

@® Now ATLAS quantified the reduction: 10

FT T
=l L LILL ]|.||.|L|

. 'ﬁ d b 1 7 1- 1- ATLAS Preliminary iSdef::g.S .
L N . | -
Slgnl cance I"Op y G’ l.e. at mos 500 1000 1500 2000 2500

2.40 (depending on signal hypothesis) m [GeV]

EI E ]' T L T I T T T '| T T T I 3 E |' T T 'I T T T T T [ L F
o L - ] C . ]
_— ATLAS PFE|ImIHﬂr}' — EGMW' c =1, Leading Order & 5 T ATLAS Prelimlnaw Bulk RS graviton k/M,, = 1, Leading Order
< E  18=8TeV - 3 “— E =8 TeV . E
\ Expected 95% CL 3 E I3 —_———F \d 95% CL =
R EN\J Lat=-2030" § S | Ldt=203" pecteo 85 C :
'T —+— (Obsarved 95% GL T = —+— Observad 95% CL
.g 10 % = 1 o uncertainty % E_") 10 :l + 1@ uncertainty =
E L 2 a uncarlainty ] E-E" A :| L 2 o uncarlainty ]
ke 1 E Channcle Combined: IviT + igg + Ivgg + &J 3 ﬂ;l 1€ Channgls Combined: figg = ivgq + JJ IE
b4 E 3 = -
= L ; O L )
10 '= = 10 1= =
T F . t OF ]
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ATLAS arXiv:1506.00962 8



http://arxiv.org/abs/1512.05099

CMS Diboson Searches

L=19.7fb'at \s=8TeV

— WW) [pb]
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CMS arXiv:1405.1994 9
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Not as spectacular as ATLAS JJ, but similar fo ATLAS
combination

Interestingly enough, @ same mass value

Interestingly enough, not coming from a single analysis

CMS arXiv:1405.3447



http://arxiv.org/abs/1405.1994
http://arxiv.org/abs/1405.3447

PARENTAL - - PARENTAL
svsoiv A combination of VV searches zusox
vV JJ WLZL Ivd WL WL InJ ZLZL
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F. Dias et al. http://arxiv.orqg/abs/1512.03371



http://arxiv.org/abs/1512.03371

PARENTAL| PARENTAL

wovsorr ] J/INJ/11J compatibility @2 TeV zwsox

ATLAS+CMS w, w, ATLAS+CMS w,z, ATLAS+CMS Z,Z
T L L A A A B R A R E L A T e e e e e By | LA A e B e e e o e S S N AR 51““\““!““\““\““
4
2 - 2
g g 33
x T x
) S) 32
g’ g’ — JJ+IvJ+II _87
— 3 ’
1
— IvJ+IlJ
10 A
0 5 10 15 20 25 30 0 5 10 15 20 25
o(pp>X>W2) (fb) o(pp>X>W2) (fb) o(pp>X>WZ) (fb)

® If one assumes BR(X->WW)=100%, the experimental results make no sense

® no signal in |vJ analyses, the strongest
® The VT result is then capable of excluding the JJ ATLAS excess

® If instead BR(X->Z2Z)=100%, |vJ plays no role

® the small excess in |IJ reinforce the JJ excess
@® the signal xsec is reduced F. Dias et al.

® The W'->WZ is the ideal test of compa’ribili’ry h"""p://dl’XiV.OI’Q/dbS/l512.03371
@® interestingly, the picture is similar to ZZ : &

11



http://arxiv.org/abs/1512.03371

PARENTAL
ADVISORY

UNOFFICIAL COMBINATION

o(pp>X>W2Z) (fb)

Combination under WZ hypothesis

F. Dias et al. http://arxiv.org/abs/1512.03371

ATLAS+CMS

50
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0.5
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ATLAS+CMS.
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—JJ
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12

ATLAS+CMS

e JJ+ 1
- JJ

PARENTAL
ADVISORY

UNOFFICIAL COMBINATION

@® Combination points to a signal strength 1/2 smaller than ATLAS JJ excess
® (Local) Significance =2.5¢

12
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Boosted BEH bosons

® Boosted BEH bosons — bb are even cleaner AR<0.3 AR<0.3

N\ \ | L/
than W/Z bosons R |

® larger mass means less QCD background

® possibility of tagging one or two b “subjets”

® More than bb final states

< >
® gg/qq final states can be treated like forV. , , . ;
mesons S bb
2 7z_%
£ g
- . s 10" |
® tt decays offer special signatures (jets S <

with few tracks)

® fully hadronic WW decays (massive jet with
mul’riple subjets) 10°~700 120 140 160 180 200

CMS-BTV-13-001 14 My (Gev]




X—->H(bb)W(lv) CMS search

® Same anGIYSiS Sfr‘afegy as 197 16 (8 TeV) 1971 (8 TeV)

% o "Icp:;ﬁsi'r,;r"""o'"\u;avét;iu'v')" T % 102'Ilgfr';’;l.;,s.'nm""3"bét§'<év5" T
V(qq)W(éﬂ) Better S/B O e RS RN
S S
® Added b-tagging for Higgs: E E
large suppression factor to
bkg
® Tuned the jet mass window 400 2200 2400
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around 125 GeV: more bkg L ewen) o erwemy
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® Observed 4 events at Myy = " E R E
K ] 15k =
1800 GeV in electron channel 20 s o E
(2.96 local significance). Nothing ° E I %
. 40 60 80 00 20 40 40 60 80 o e
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A ' ' ' ' = I ' ' ' ' =
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. . . . . ) 2= -4 a 21— 7
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for local significance

15 CMS-EXO-14-010



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-14-010/index.html

ATLAS vs CMS comparison

- p-value
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More exotic signatures

® Excess seen by CMS

® one flavor only (OK for this model)

® one bin only

® No excess in ATLAS

® To be checked, but not very promising

ATLAS arXiv:1506.06020

SS analysis, sees no excess seen
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CMS arXiv:1407.3683 No charge requirement here

.o local significance of 2.8c


http://arxiv.org/abs/1506.06020
http://arxiv.org/abs/1407.3683

Lesson from Run |

@ Interesting situation overall
® Level of attention raised. The full story made it to the press
® Interesting “exercise” in view off what happened after (e.g. 750

GeV bump)

@ The theory community shows immediate interest on the large
excess. The series of small excesses becomes "THE ATLAS
EXCESS”

@® Everyone forget that the other channels are pushing the big
excess down
@® .. despite individual averages by ATLAS and CMS
@® eventually proven by the unofficial combination

@® Lesson to be learned

@ Lets stay calm

® Lets look around

® Dont sit on the best case scenario ignoring the rest

® Lesson learned? Not really ..
21



Open questions

® Is the overall VV/VH picture consistent?

® Excess is driven by a few channels (JJ for VV, &J for VH) but not seen in others (e.g.,

¢vJ, the most sensitive VV search)
® (“unofficial”) combination brings the signal strength in VV down by a factor =2

® How solid is the background estimate?'Is the jet-mass cut-biasing the diboson
mass shape?

® All all-jet analyses (VV and JJ) use essentially a common empirical function
® Other searches use instead MC-assisted bkg predictions

® different selection variables in different experiments: would be inferesting to see an
ATLAS-like search in CMS and vice versa

® Is jet substructure helping or biasing the search?

® Not essential @ 2 TeV (e.g., not used in some semileptonic searches)

22






From Run | to Run il

G. Salam & A. Weiler 100 WJS2013
, T . T T . I B
http://collider-reach.web.cern.ch L ratios of LHC parton luminosities: 13 TeV /8 TeV  / /
6 I I T T T T T I ‘
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® Increase in energy compensates the lower luminosity
® Effectively, the new dataset should be comparable to what we saw in Run:

® While we are dealing with small numbers (small excesses), the result of
RunII are already significative for a better understanding of the situation
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® Increase in energy compensates the lower luminosity
® Effectively, the new dataset should be comparable to what we saw in Run:

® While we are dealing with small numbers (small excesses), the result of
RunII are already significative for a better understanding of the situation
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Dijet Resonance Search

http://arxiv.org/abs/1512.01224 http://arxiv.org/abs/1512.01530
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® DiJet Run II results confirm the Run I picture
® moderate excess around 1.8 TeV. Nothing spectacular enough to claim anything

® Maybe Run II confirms foo much of Run I. Are we seeing an issue with the analyses
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Diboson @13 TeV

2.6 " (13 TeV)
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VH Search by ATLAS @ 13 TeV
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® No confirmation of the excess seen by CMS
® Some low-significance upper fluctuation in the “right" spot

® Still, not enough lumi to exclude the Run I excess or to confirm it
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A VV/VH short summary

® The physics lesson

® The 2 TeV Run I excess is not dead, but certainly it doesnt live its best moment
® Run II data are giving us useful information
® gg/qq-> X -> WW/WZ hypothesis strongly challenged

® qq->X-> WZ scenario still alive

® search in vwJ final state puts string bounds CALM

AND

KEEP
WORKING

® Still, lumi is foo small to conclude anything
® 2016 Data will be fundamental

® And the sociology one

® We should take a deep breath and stop jumping up and down at the minimal
opportunity (to me the "ATLAS excess” thing was a very poor choice of words)

® This is a marathon. We just dont know if we are at Km 1 or Km 38
31
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® Repeat fits from digitised plots @13 TeV and @8TeV [Jamboree analyses]

® Compute significance vs experiment, energy, production mechanism, and width

® in general, quoted significance smaller than what experiments quote

® exercise is conservative and valid beyond just the qualitative level

33 M. Buckley, arXiv:1601.04751
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® Both for large and small width, the large ATLAS Run II excess is pushed down
by CMS Run II + CMS/ATLAS Run I

® The average close fo CMS central value, but with reduced uncertainty

® Overall, the significance increases (not as much the naive/wrong expectation
34 M. Buckley, arXiv:1601.04751
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ey A Private CMS+ATLAS Combination

ATLAS CMS Combined CMS wide Com.bined
narrow narrow narrow wide

Combined n.a. n.a. 340 n.a. n.a. 340

® Both for large and small width, the large ATLAS Run II excess is pushed down
by CMS Run II + CMS/ATLAS Run I

® The average close fo CMS central value, but with reduced uncertainty

® Overall, the significance increases (not as much the naive/wrong expectation

35 M. Buckley, arXiv:1601.04751
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Open Questions & More Info Needed

® Clearly very exiting, but with some open question

® Is the large-width scenario really preferred (larger LEE might compensate larger
significance)

® Could we see a profile in width, at fixed or profiled mass?
® Run I vs Run II
® CMS result more significant when Run I is added
® ATLAS claims “20 compatibility” in absence of a Run I excess
® with which PDF assumption? gg or qq?
® What's the local/global significance when Run I and Run II are combined

® In general, why do we present things so that people (i.e., theorists) feel allowed to
forget about Run I?

® The paper I showed is quitfe a rare exception
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Bkg estimate from bump-hunt fit

® Start from the published data (hep format or plots)

@ Bkg .es.’rlma’re probIema’rlc | do Po(1 — x)P
@® missing correlations, which often matter T = BB ®)
® (sometimes) bkg uncertainties not quoted dmjj  x7ts

® When info missing, bkg estimate using a dijet-like bump hunt
® fit in sideband vs full region give similar results
® Simpler function (expo) used for low-stat channels (Il1J) X = mjj/\ﬁ
@® For ATLAS VV fully hadronic, simplified function used : '

according to ATLAS prescription
® Diagonalize covariance matrix + Bkg systematic for eigenvalues
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Comparison with nominal result

® In general, nominal bkg (from ATLAS or CMS) within our fit+systematic
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® Sometimes (e.g. ATLAS ZZ) larger deviations observed

@® We use the nominal result as a background estimate
® We rescale the systematic variations by nominal/our fit ratio

® Rescaling not always needed (e.g. CMS [vJ & [1J)
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PARENTAL L - u C - PARENTAL
Imit Comparison
® Nominal+systematics estimate used in a template ~ ,, A™¥ ViV
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® Signal parameterized from available information
® signal efficiency E o6 ;,Ix* ~~~~~~ e
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ATLAS+CMS “unofficial” combo: WW hypothesis
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ATLAS+CMS “unofficial” combo: ZZ hypothesis
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X—->H(bb)W(Iv)/Z(I1)/Z(vv) ATLAS search
® ATLAS searched for X—VH final states with resolved H—bb

® Several V final states combined: Z(lv)/Z(11)/Z(vv)

® No dedicated boosted topology. Use instead dijet system (with Anti-KT jets with
R=0.4)

® Analysis sensitive to resonances = 2 TeV

® result quoted as cross section exclusion for masses up to 1900 GeV

® no evidence for a signal ATLAS 1503.08089
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X—H(z7)V(qq) CMS search

® Same V tagger as other analyses

@® Special reconstruction of boosted taus

@® Background predicted from data sidebands

® low jet mass window
@ ditau mass window below the Z

® No excess observed
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Other ATLAS Diboson Searches

@® One should see something in the leptonic channels
® af least if we are seeing vector bosons
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CMS HZ Sear

@® Same strategy as fully hadronic VV search

@® Sensitive to both WH and ZH (no

discrimination)

® No significant excess seen: some hint of a

bump, but uncertainty on bkg shape “covers” it

@® Results combined assuming Higgs SM BRs
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X—->H(bb)W(lv) CMS search

@ Jet mass compatible with bkg-only distribution for muon sample

@ expected, since the bkg is from fake Hbb candidates

@® Interestingly, the excess events translate into a signal-like bump also

In The Higgs mass
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Dilepton

@® CMS sees excess around 2 TeV vs ATLAS sees no excess

® Many other excesses seen (narrow resonance, each fluctuation is
signal like, i.e. LEE)

® Two statements are not in contradiction: same observed limits

® Not very conclusive
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