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e Assumption : NP scale >> energies probed in experiments
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One assumption :  p* < m? -

CMS Preliminary

New/modified interactions B e b g
between SM particles 1N
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L=Lsy + Z Z ASLL 04— SM fields & sym.
d>4 i
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Parametrize any NP but an « number of coefficients

Ny
C; .
L=Lsy+) ) w704 SMfields & sym.
d>4 i
® Assumption : e =<4 a finite number of
L= Lsn + Z %O? coefficients
; A =>Predictive!

¢ Model independent (i.e. parametrize a large class of
models) : any HEAVY NP

e SMis the leading term : EFT for precision physics

® higher the exp. precision => smaller EFT error
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C, .
We measure 1o what isA?

SM+NP

= NP only 1/A®
Unitarity bound

SM 1/A°

Unitarity = A E
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Fecise :. R T We measure % what is A?
{m el ind.) A

SM+>100%
Assume SM
+dim6 only

SM+NP
= NP only 1/A®
Unitarity bound

SM 1/A°
v Unitarity > A E
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Precise : EFT We measure % what is?
model ind.) A
SM+>100%
Assume SM
+diméonly
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allowed Factor
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= NP only 1/A°
Unitarity bound
SM 1/A°
E

C. Degrande



X3 0% and g04D2
Qc | [ABOGYIGErGSH || Q, (¢T)? (0To) (Tpere)

& | ABCGGErGSE | Qun | (ple)O(ety) 010) (G ?)
Qw | eEWIW]ewEr |l Qup | (D e)” (¢!D,p) o' 0)(qpdrp)
Qv EIJKWl{VWI;]pwpKu

X2p? D2 X W22 D

Que | ¢loGAGH | Quy | (howe)r oWl oD, )1 ,)
Qus | ¢leGia™ | Q| (0"e)eBu (i D! o) (I,r'"1,)
Qew |  WloWL W Qug | (Go"Tu,)p Gy, Epyer)
Qv | ¢leWiLwh | Quw | (Go"u)T' g W}, " ar)
Q.p ol B, B* Qus | (340" u,)p B, (p1iD! ©)(@,m v q,)
Q5 o' p By B Qac | (Gpot'T4d,)p Gy, ' Uy )
Qowp | o't WLB" | Qaw | (o™ d,)T WL, dyy*d,)
Quvs | ¢ ToWLB" | Qus | (30"d.)e B 'D,p)(uyy"d,)

New interactions + param/field redefinitions

C. Degrande



(LL)(LL) (RR)(RR) (LL)(RR)
Qu (L yule) (L) Qee (epyuer)(€srer) Qe (Lyyulr) (@57 er)
W | @) (@) | Que | (@) (@yru) | Quo | (vl (@)
W | @ e) @) || Qua (dpyud,)(dsy*dy) Qid (L ypule) (dsy*dy)
Qi | W) @a) | Qe | (e @y ) | Que | (@700 (€ er)
QY | (L)@ ") | Qe (@ yper) (dsy™dy) Q4 (T gr ) (Usy* )
QLY | (@) (dard) | QR | (G T e @yt Tu,)
Q%) | (v Tuy) (dy* TAdy) | QY| (Gyuae) (dsytdy)
Q%) | (@, T4, (dy"TAd,)
(LR)(RL) and (LR)(LR) B-violating
Quedg (Ber)(dsai) Quug e*Megy, |(dy)TCuy] [(g37)TClY ]
Q| (@w)ein(@d) | Quau e [(q5) " Cqf*] [(u))"Cel]
QW | (BT u,)e(@TAdy) | Quag e*e jmerm [(q57)"Cql*| (7™ ClY]
Q.| (Hedem(@u) | Qau 25 [(d2)TCuf] [(u?)TCe,)
Q) | (Houwer )z (@ o™ uy)

C. Degrande



o™ Qup Quo Quws Q) O Quw Qw Q) QW o @ oY oY Q)
WW v v v v )/ v

SSWW+2j EW v v v v v v o)/ v v v v v (V)
OSWW-+{2j EW v v v v v v v (V) v v v v v v (V)
WZ+2j EW v v v v v v v v v v v v v v (V)
77-+2j EW v v v v v v v v v v v v v v (V)
ZV+2j EW v v v v v v v v v v v v v v
OSWW+2j QCD v v v v v v v v

WZ+2j QCD v v v v oo/ v v (V)
77Z+2j QCD v v v v v v v (V)
ZV-+2j QCD v v v v v v v v

Bellan et al., 2108.03199 C. Degrande



qqg>V or V>qq

. V>llorl>V

q9>qq
+ with 4q

1>l
ve~

h>VV or \3/V>h C. Degrande



Qw | W IwW W

Z A : 3
o< F Téc
W~ T"Z’—H“V
X WWW(A/l ww &2 p (,/h/ZA{ WA‘A- GGc .S

o&:rz

/%&\ SLM@w ?Qf\ G'eooy\
E{ ad =
o f o< p°

4/6!0}01,\./ VISF; (/ff/ Mw\//‘/”""‘

No neutral TGC (ZZA, ZAA) A-yabs iz c prisepl
C. Degrande



6 2
Potential/self-coupling modification %%} v he) ) oo

Ve
G ohv( e \ve s s gt )il
/\ng (¢Tp)? s a Y i
Qoo | (¥To)DOlete) / |
Qep | (9" D"¢)" (¢'Dyp) o 'L’.Jf:ffum
3 2NN ,",., ,’

L R N Sl P VR
4 F, , ¢ / \\i‘é e _}m pe e
nh ot nze L, pad-

Field redefiniion 5 koA Z7 3 hofL  h—hlr+ 59
, z
chovge M He s U “’*f’eﬁ A ,i/
Frk > ';ch/l"' Cfﬂﬂz—_\/z) ) Ay %ZL ) e 2[\%}'} cZCay_

Ny y ( \k/r UI">L Ex"wvnaQ fov:w}fc«/
Mass redefinition R SR ANLY SR £ ot

P 4 h L){
A weak Preess ,ﬂkzz e, N (45“4@_ Degrande



Qe (oT0) (lperp) break the mass-coupling relation
Qu (0'0) (Gpur@)
i \59(\/'S 0 we —o = ju\,*i‘ﬁvz

Qdy (SDTSO) (ijdﬂp)

+ 3hvZgug +... N
A 2 t?) ' m g WP@“&) k =+
(f LP; £ ) (LDL/_ o7 X%)f'o-._s
(v + hf%) (cf,, we ( k\’-;\/p hpeed § cb\cu&

J
@n% c—ké«_&g __-< , e Mass A&a\m%imhw

V oune o ec-l/a)'o\ ?oa.. eQ‘—L %e./ T voa 00-98 QLAVDUE asso W@s'(é'—\

(o]
~\ N\
- s //

C. Degrande



e PGl G = o y? 6: L
Qu | Pl GG Hod: fleabian  Hha et Verm

, Field redefinition or _ <V
Qi ol W, W + '{i/.zf 7
Qo | e B - vg) = oy L
oN: 00 By B e f\i e
Qowr | ¢l Y,LB“” T Kokd < ¢ - 0°
Quivp | #'T oW, B" Not allowed: A-Z mixing
iﬂﬁ_\/_z \«//_i ‘3/~° —> kim\'ic wm X &z
peA l
/L S V\/' 11\/ \/-—"Z/b\/, b/, ; Wass VV\LX\’:‘%\ o& POD
w— h , VBS . qu»d on Wi =
’ | (ava\we. evs
Ze 5o

C. Degrande



Qew | (Lo e, )T oW, leke EDH o MM
Qe (0" )9 By <P CP
Qua | (qo™ Tu,)p Gy,

Quv | (@™ u)T G, L —R epevatens
Qus | (30" u.)P By, . b |

Qac | (o™ Td,)p G4, /Q’{ R

Qaw | (o™ d, )T W, + oy
Qap | (30"d;)p By eae. < “ v

S 89—\ oH;aV 8%(?'- )9050.\5 (le'Z,XB
EL ) / S(,;,-?/Z J’7,’

C. Degrande



o B @D \7
QY | (¢'iD, ) (l",) z - bl s (XI”S
¢ M<

(3) g ~
ngz (¢ ZD,{‘P) pTLV”T) L V ',f.,a\ } ﬂ[.a\:?

Que | (11D, 0)(E"e,)
z) (soTiBu ©) (" qr) - Vo TEF
©q | p p/l dr . w‘,h‘, \(/«

becanse % U({DEH

90)<ap7 Uy ) —
Qyd (SOTZDM 90)(62197 dy)—
ngud /I’(S’ETDMSO) ( _pfyludr)

< v 3 \K'F "4.‘_) o/
LN - < -~ o daca
PR & / /’
.’ / A 5’%4
< VP — o< m

C. Degrande



(LL)(LL) (RR)(RR) (LL)(RR)
Qu L) I ) | Qee | (Een)(@rte) | Qe | (Lyuls)(@nter)
W | () (@) | Quu | @)@y ) | Qu | () (s )
o | (@ a) (@ ) || Qua (dyyudy) (dsy*dy) Qua (Ll ) (dsy*dy)
QL | Grl) @) | Qe | @ue) @) | Qe | (@) (E7 er)
QY | Gt )@ T a) || Qe | @e)datd) | Q| (@) (@)
PRI Q0 | @) @id) || Q) | @nT ) @ T u)
><,, >_< QY | @ T ) d"TAd) | QW | (@par)(dydy)
Q%) | (@, T4, (dy"TAd,)
(LR)(RL) and (LR)(LR) B-violating
Qredq (He,)(dyad) Quug e [(dg)T Cull] [(q27)TCIE]
Qiona | (@u)en@d) | Quau e [(g29)TCqf¥] [(u2)T Cey]
QW | (BT u,)e(@TAdy) | Quag e*e jnerm |(¢57)TCql*] [(q2™)TC1Y ]
QY. | Weepn @) | Quu 51 [(d2)TCuf] [(u7)" Cef]
Q) | (Houwer )z (@ o™ uy)

C. Degrande



M ore Q‘SS' — Me= C’myljldg

WM ove Qso‘: /
We;"t botong C'Z,W,\flx Ave  Nlver Q(A.Se..\(v(.,\ ("’J"Ca‘j, LI_F—>

M Fm/:.b\...k’w MO@I’.W — %L\'é - $ SH pavaim ~<

SHEFT s gbwq‘» CMVBW\W —> & C/{{,,Awb Cn &Q:—(eéroqv\-( .‘
LD LOF Qe ckh?e\’-{e\ %.ﬂou—— L’-\.\,Q_ 2 Sjuw‘:“b SH

Flavour!

C. Degrande



(SM-like) Top decay

0 =i ("7 Dyo) (QV*7'Q) + h.c.

C. Zhang, S Willenbrock, PRD83, 034008

J.A.Aguilar-Saavedra, NPB843, 683

+ one four-fermion operator for the hadronic decay
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Almost pure shape effect
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SMEFT and interference



M (2)|* = |Msnr ()4 2R (Msar (2) Mg (2)) B | Mas ()] + . ..

- Contains :

- 1 dim6 insertion squared

- Interference wi Insertions
- Interference with 1 dim8 insertion

. ...at 1/A™°
+ Error (estimate)

usually

included

Dimension 8 basis: Li et al., 2005.00008
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https://arxiv.org/abs/2005.00008
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- Contains :
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- Interference wi Insertions
- Interference with 1 dim8 insertion

. ...at 1/A™°
+ Error (estimate)
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Dimension 8 basis: Li et al., 2005.00008
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Azatov et al., Helicity Selection Rules and Non-Interference for

BSM Amplitudes, 1607.05236

As  |[R(ATD)[]|h(AZY))]
VVVV] 0 4,2
VVép| O 2
VVh| 0 2
Vi | 0 2

ppyyp | 2,0 2,0
Ppoe 0 0
PPPP 0 0

C. Degrande


https://arxiv.org/abs/1607.05236

Azatov et al., Helicity Selection Rules and Non-Interference for
BSM Amplitudes, 1607.05236
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M ()| = | Msar ()24 2R (Msar (2) Mg () H{| Mas ()| * + . .. +O(A7%)
O A° A AT
6(1) ~0 6(0.1) @ 6(0.03)
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Azatov et al., Helicity Selection Rules and Non-Interference for
BSM Amplitudes, 1607.05236
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https://arxiv.org/abs/1607.05236

4F interfere only with qqg

ttbar, A=1TeV
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— SM — ctG=3 (int) — ctu8=20 (int)
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M ()| = |Msar ()| |+ 2R (Msar(2) Mjg(z)) H (| Mas(z)* + ...
A© * A2 O (A™%)

R (M () Mo(x)) = \/ [ Msar () | Mas ()] cos a L{\
/‘ “ >R

moma&spin Not always positive

Can be suppressed

Mgspr(z1) =1, Mgy (w2) =0
oo Y M) if Oint = 0
x Mag(z1) = 0, Mag(z2) =1

Observable dependent
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Can be suppressed 1
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M ()| = |Msar ()| |+ 2R (Msar(2) Mjg(z)) H (| Mas(z)* + ...
A© * A2 O (A™%)

* 2 2 L\
%(MSA}Qx)Mda(w)) = \/ Mg ()™ | Mas ()| cos o &
L » R
moma&spin Not always positive >
Can be suppressed 1
Msn (1) = 1, Msp(z2) =0
oo Y M) if Tint =0
X Md6(581) :% Md6(CL‘2) =1
- Observable dependent

oraxnl2 M?->M?>—iTM Oyl
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C.D., M. Maltoni 2012.06595

. do

oIt = / dP gg't > >, ~ =Phase space
Suppression

O_|meas| E/dq)meas d_O' EXperImenta”y
fomy @® accessible?

N
— ]\;E}noo ; w; * sign (gﬂ; M E(p;, um))

do neutrino momenta,

Fully: —2(pp — Zy) o cos @ helicities, jet
do flavours, initial

arton direction,...
Not atall: o, (1;) = — o;, (Hp) P
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OG — gSfCLbC ngUJGg)VGICJJ)p

Interference vanishes in dijet

¢ < wome  from dijetat O (1/A%)

A2

R. Goldouzian, M. D. Hildreth, Phys. Lett. B 811, 135889 (2020), arXiv:2001.02736
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add mass or more legs

A2
pr > 50 GeV | pr > 200 GeV | pr > 1000 GeV
proc.| o |[pb] w>0| o [pb] w>0| o [pb] w>0
tt | 1.384 85%| 1.384 8%| 1.384 85%
ttj 15.20-107 62%]1.13-107" 60%|1.37-107° 62%
jii | 2.98-10" 52%5.90-107' 52%|4.91-10~* 61%
7777 1-2.89-10" 45%(-2.50-107" 44% |-4.12-107° 39%

N

/

Large SM x-sect
& int. cancellation

Part of the phase space with
positive interference
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Close to Schwartz bound

much smaller than

SM O(1/A?) v O(1/A%)

prmin [GeV]| o [pb] | o [pb] wgt>0 o™ [pb] &/ [pb]| o [pb]
50 9.70-10° | 4.08  50.4% 7.83-10°  1.05-10° | 3.93-10"
200 8.96-10% |2.92-10~* 51.4%  3.5-10* 5.02-101 2.73
500 3.10 [1.69-107% 54.0% 6.04-107* 8.96-10"* |1.48-10~*
1000 9.08-:107°|4.56-10~* 60.1% 1.46-107° 2.29-107° |3.05-10~*°

|

Mostly accessible‘
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do/dprt (pb/GeV)

0.6

05

04

03

01 4]

-0.1

pr > 200 GeV
”1 — difference
1 1 weight>0
' 1 weight<0
L1 SM/100
00 )|+ . In l::%—_
s
."'x..-o-"""""-.l
200 400 600 800 1000 1200 1400 1600 1800

Efficiency of an observable to revive:

0.2

prlj1] (GeV)

2000

0,

o | meas|

~40% efficiency
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Mwy — Z , ) SphT —

i=1 py,’l:pCL’,?: pz,z )\2 —|_ )\1

2 pr > 200 GeV
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Transverse Sphericity

~80% efficiency
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pr,min |GeV]| Distribution |Sphr cut|Bins|Upper bound on Cs Lower bound on Cg
50 prljs] vs Sphr | 023 | 34 | 25107 (1.1-1071) -2.5:107* (-1.2.107 1)
200 St vs Sphr 0.27 | 34 | 7.5:1072 (2.3-1072) -7.5-10" 2 (-2.4-107?)
500 M{j253] vs Sphr| 0.31 | 21 |5.5-1072 (5.3-107%) -5.5-10"2 (-3.5-107?)
1000 M j2j3] vs Sphr| 0.35 7 1261072 (1.9:1072) -2.6-10"2 (-1.8-107?)

A—2 A—4

Lost events for interference (%)
3855 2217 1146 543 232 094 032 01 003 001

sy L Bounds dominated by
S 70 11 the interference
-t 6.5 1
= ““ ! EFT validity & error:
© 2421 vs spher, A2
§ . (3TeV/6TeV)"2~0.25
< 45

5.5 6.0 6.5 7.0 75 8.0 85 9.0 95 100
VS max (TeV)
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pr,min |GeV]| Distribution |Sphr cut|Bins|Upper bound on Cs Lower bound on Cg
50 prljs] vs Sphr | 023 | 34 | 25107 (1.1-1071) -2.5:107* (-1.2.107 1)
200 St vs Sphr 0.27 | 34 | 7.5:1072 (2.3-1072) -7.5-10" 2 (-2.4-107?)
500 M{j253] vs Sphr| 0.31 | 21 |5.5-1072 (5.3-107%) -5.5-10"2 (-3.5-107?)
1000 M j2j3] vs Sphr| 0.35 7 1261072 (1.9:1072) -2.6-10"2 (-1.8-107?)

Lost events for interference (%)

01

0.03

A—2

0.01

X
N

70 75 80 85

VS max (TeV)

5.5

10

orcg =

A—4

Bounds dominated by

11 the interference

EFT validity & error:
(3TeV/6TeV)*2~0.25

2 and E2/A? =1/2
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Large .
negative i
K-factors "
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om
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Converge? .

2.9 ]
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20 -:Z:::::::::::'_::::::::::::::::::::::.’:::::::f_::::"'::::::::::::::_':::::::::::'_::::::::::::::::::(:_'::::::):::
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2008.11743
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https://arxiv.org/abs/2008.11743

1.0:—

cos @ + 0.05

: 1 Lo _
|3 NLO
Cls oNO = — .43
-0.5 -
10, - K ~ -3
2.0 e
" 4 - Uncertainty
x 10¢r N 8 :
0.5 e
00— v e e 1
0. 0.5 1.0 1.5 2.0 2.5 3.0

O is not the right variable to probe the interference
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A = do(cosd > 0) — do(cos 8 < 0)

ALO =72 > > 0¥ =0.16
ANO =215
KA — 1.1

No/little cancellation
(Much) larger sensitivity
Less sensitive to corrections (smaller errors)
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: v = g
d )7 O10 = ZWIMVWI A (QLT’}/)\ DMQLp) 7

Oy = iB",B"\(dr Y D
O9 = iB*, B” \(uRrpY %) Rr),s Oy =i /Bw i, WY, ((jip’YA (TK)ijﬁMQLrj) v
O3 = iB", B (fi ﬁqu)y O1y = ie KW, W7 (g, (75),7'D i)
Oy = Wi, B> (QLpV (1) ]ﬁqug) | O = il K Win Jirdv, (_fﬂ/\ (TK)ijﬁqurj) |
05 = W' B (G, (), Dpawry) . Ou=i(an Dyur,) (DaH D 1),
O = iWT, B ( , (), jﬁuqm)a O15 = i (A7 D i, ) (DAHTDMH),
O7 = iW' B ( Gt (71, %}qurﬂ) ) 16 =1 <QLWA<B“QLP) (DAHTDMH) !
Os = iWH, W (diyr D i), O =i(a W”Kﬁu%ﬁ (DT D i)
Oy = iWTH, W, (g <ﬁ uRy), O = i(upy " D " dp,)e? (D* H;D" Hy),

q ' CD,H.-L. Li, 2303.10493

\% Vv q \%4
q 1% q

C. Degrande

(a) dim-6 vertex corrections (b) dim-8 contact corrections


https://arxiv.org/abs/2303.10493

Operator 2 Re(ASMANP*) 2 f dQ Re( ASM ANPx)

Og dd : bsS + cg 0 %

@ uu : bgS + cg 0 \\
O10 uﬂ/dJ: aio - S? + b19 - S + 10 uﬂ/dJ: 51@ 510 <93 C10

O11 0 0 \\ (: PV

. uti : a¥yS?% + b8 + ¥ Ut n@ b1oS + Ty + D12X\\
12

dd : a%y5% +b%,S + cf, dd: @ @ 57,8 + ey + Dy log S >\<
Asymmetric

uti : 55?4+ 0% S + Yy uil : @ by3S + ¢ + Diglog S

dd : a%yS? + b5 + c, dd - @ byyS + e, -I—/Efl{log/S/
O14 uti : a145% + b14S + c14 0 “ /

O15 dd : a155% + b15S + c15 0 —

O uti : alsS? 4+ b%S + ¥ uti : bygS + s + Dyglog S
dd : algS? + bdsS + dd : bsS + ¢ + Diglog S

o uti : a,S% + biS + ¢t uti : by7S + ¢ + Dy, log S
dd : al.5% + bd.S + . dd : b5+ + D log S

Table 2: Scaling of qg — W W interference amplitude after summing and averaging over spins and helici-
ties.
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pp > WW~,s=14 TeV, |o

int_ _EFT2
1w0=ow "I

----- [2myy,0.3A]——[0.5A,0.7A]
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2 3
A [TeV]

int int
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int_ _EFT2
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0 e E—
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Zz2 ,z2z¥ 78% & dim B

“Give me a lever long enough and a fulcrum on which to place it, and I shall move the world”
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Further comments



I SU(3)>: EWPO+Diboson+Higgs o _ (1TeV)?
2.0 mm 5U(2)2 x SU(3)3: EWPO+Diboson+Higgs+top 95%CL marginalised; C; —5—
151 0 Top operators: EWPO+top (incl ttH)
! T
-0.5° ? }
10 |
- EWPO :Bosonic ‘Yukawa :Top 2F :Top 4F
EECTTITTII SIS IS SIRRISITpuBTTITT
— [ R o R R — — T e e
- » = 23822 2 8 Lihggezs
f Diboson top ﬁ S —
( Ciw \ .
ttV \
Ch "
Cown O @0 | )| 6 Ellis et al.,2012.02779
Cu. CF O | 20" .
i i o ) | S SMEFiT, 2105.00006
Qq
EWPO .
> J Almeida et al, 2108.04828
CG Cl Cs Ca, C)
Co Cp, C3, C
. — J C. Degrande
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Higgs



- ME/ML trained vs Ob bl
rained vs servLa e _ vgﬂhﬂf

Model indep EET (mi
|

T Uhu{"w ?m"v ak"é‘/\

- Efficient observables [ WE  auks]
* more sensitive

- smaller errors

- More differential measurements
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Faroughy, Bortolato, Kamenik, Kosnik Smolkovic,
Symmetry 13 (2021) no.7, 1129

& Fer Neural network
30t @w e . . .
| Linear combination
25}
- (X5 @)wes
% 20?=1ﬂx;aﬂum - - W15
515 _ il we~ [(pe < pes) - (po+ )P — pee) - (P + pp)
10 AV ;’//j |
5 X\ / ém ~ (P X pes) - (o = Pp)ll(Po = P5) - (Pe- — P+
0; s N= 106;

-1.0 -0.8 -0.6 -04 -0.2 00 02 04 06 08 1.0
K
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